
1Proceedings of The Royal Society of Queensland Vol. 135

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Licence. Individual articles 
may be copied or downloaded for private, scholarly and not-for-profit use. Quotations may be extracted provided that the author and The 
Royal Society of Queensland are acknowledged. Queries regarding republication of papers, or parts of papers such as figures and photo-

graphs, should be addressed to the Secretary of The Royal Society of Queensland (rsocqld@gmail.com).

Managing Scale for Sustainability from Science to Application 1:  
Challenges at Continental and Planetary Levels – 

A Preliminary Perspective

Ross A. Hynes1

Abstract
Major constraints on understanding the diversity of human and all other life systems emerge at 
continental and global scales, where whole-system analyses are needed. It is proposed that at these 
scales, secure higher-level forums are necessary to employ holistic perspectives in facilitating 
the development, guidance and implementation of effective policy. Those I consider presently 
do not exist in any globally coordinated framework. Some may claim that key UN bodies, 
major NGOs and continentally linked government agencies and commissions, e.g. the EU or a 
federal government, satisfy this void. If this is so, why are we facing the current complex global 
predicament? The rigorous management of scale-linked issues at this nexus is crucial. This pre-
liminary exploration of research, oriented towards continental and planetary scales, interrogates 
the concept that the neglect of scale through ignorance, misunderstanding or under-recognition 
is a key factor in explaining why human society as we know it is not sustainable. This concept is 
supported by observations, which leads to new questions. The results of this paper point to the 
need for enduring and flexible higher-level forums. Here, emerging globally linked knowledge 
can be considered and effective procedures implemented that integrate this knowledge about 
planetary boundaries and continental relationships. Guiding agencies can be established that are 
empowered to ameliorate and remediate the scale-linked maladaptations of the past and seek to 
accommodate the challenges of the present and future.

Keywords: planetary boundaries, boundary transgressions, mismatches of scale, higher-level 
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Introduction

“A lot of the problems we face as a species are 
the result of poor large-scale decision-making 

processes” (Mark Klein, in Spinney, p. 35, 2024).

The current dominant paradigm for scientific 
research is reductionist in context and method 
(Hynes, 2021) and mainly published in discipline-
focused journals. Further, most funding sources 
also prioritise this approach. This limits how the 

results of this research are considered in the trans-
disciplinary context of the big problems of today.

This situation is not in itself a problem, as the 
expansion of conventional understanding of know
ledge obliges researchers to become experts in nar-
row fields. However, the big challenges of today 
require an evolution in levels of understanding of 
human and biodiversity life systems that emerge at 
continental and global scales. Holistic, whole-system 
analyses are needed (Hynes, 2020) to manage the 
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challenges of scale for sustainability. This will re
quire an innovative approach to science that will 
guide its application at land-system, ecosystem and 
population life-system levels (Hynes, 2026).

Acknowledging this, even in this preliminary 
overview it is clear that large transdisciplinary inves-
tigations are not easily incorporated in state, federal 
or global policy and their political frameworks. 
There is optimism that this situation is gradually 
being recognised. Nevertheless, the findings of such 
investigations still need effective integration into 
sustainability-based policies. For instance, studies 
such as Porfirio et al. (2020) that have discussed 
and aggregated the productivity and biomass data-
bases of Australian rangeland systems; Arthington 
et al. (2020) who have investigated and provided 
a more extensive and deeper understanding of the 
springs of the Great Artesian Basin; and Isbell et al. 
(2023) who have analysed and summarised global 
biodiversity loss, its drivers and impacts on people, 
still require greater governmental and bureaucratic 
recognition when policy is developed.

An important challenge before us is how to incor-
porate specialist reductionist scientific outputs con-
cerned with small-scale (i.e. small-magnitude) objects 
of study into an understanding of the large-scale (i.e. 
large-magnitude) objects of study of continental and 
global scales. Zev Naveh has long recognised the im-
portance of this approach with his model of a Total 
Human Ecosystem, viz. the Ecosphere (Naveh, 2000, 
p. 360). This seeks to represent relationships between 
biosphere landscapes, agro-industrial landscapes and 
techno-sphere landscapes, and their infrastructure 
with the geosphere (atmosphere, lithosphere and 
hydrosphere). The model conceptually covers all 
scales to planetary boundaries.

The concept of a Total Human Ecosystem is 
compelling and persuasively presents an integrated 
overview of how human societies could innovatively 
create transdisciplinary pathways to move into a 
more sustainable post-industrial information age. 
This would involve shifting towards an authentic 
post-industrial symbiosis between nature and human 
society (Naveh, 2000 p. 359). Nevertheless, Naveh 
says “at a global scale, this integration can be re
alised only as part of an all-embracing revolution” 
(Naveh, 2000, p. 360); one he implies, which needs 
to be deeply aware of the challenges of managing 
scale at all definable levels. 

There are other complementary pathways to in-
vestigating and understanding the significance of 
scale in whole-system analyses. Figure 1 (after 
Hynes, 2020, p. 173) presents a conceptual tem-
plate for accommodating levels of organisatio
nal and physical scale in cross-scale ecological 
research. Systems modelling using computer proto
cols can be conducted at any level and used for 
linking information outcomes between levels. This 
template can be used to assess specific research in-
vestigations regarding whether they satisfy the 
implications of viewing the work through the wider 
framework provided by a Multi-level Ecological 
Analysis (M-LEA) or whether they need to identify 
key relationships between land-use problems and 
comprehensive solutions (Hynes & Scanlan, 1993; 
Hynes, 2020, pp. 172–173).

The first applications of the template focused on 
woodland tree species and their ecosystems within 
regional landsystems; the second was on invasive 
plant species (see Figure 1). However, this approach 
and associated frameworks can be widened and 
applied to any major ecological problem that is 
addressing information links across levels of scale 
and can be expanded to encompass continental and 
global scales. (Hynes & Scanlan, 1993; Hynes, 2020, 
pp. 172–174). Notwithstanding this, it is acknow
ledged here that systems science has progressed 
significantly since the early 2000s. Nevertheless, 
understanding the connectance and flow of informa-
tion, together with associated emergent properties 
and their influence and effects between levels of 
scale, remains somewhat neglected and requires 
dedicated ongoing research. 

So here we need to add the larger scales (mag-
nitudes), both continent and global, to the context 
within which this model operates. The complex chal-
lenge of uniting human and natural systems is one 
reason why forums with the necessary scope and 
profile are not widely recognised. Attempts have 
been made by researchers such as Latour (2004) 
who focused on how to bring science into democ-
racy, and Collard & Dempsey (2019) who compared 
a more traditional power structure in a capitalist 
economy and a feminist political economic model. 
However, the extant political realm does not really 
seem to recognise the need for more consultative, 
deliberative procedures for national, continental and 
global policy making, which effectively incorporate 
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relevant scales. Whereas existing high-level bodies in 
major associated UN agencies and in key NGOs have 
ambitious intentions, the current state of the global 
condition reflects the fact that these approaches are 
not working to bring hope of real change.

Higher-level cumulative impacts demand consid-
eration. Pre-eminent instances are the uneven but on-
going increase in the human population, the overall 
increasing consumption of resources, and increas-
ing associated pollution. Superimposed upon these 
foundational trends has been the COVID-19 pan-
demic and zoonoses that are likely to follow. Here, 
the significance of scale is demonstrated through 
this experience as a virion of 10–9 m diameter, which 
has affected humans across the Earth (diameter 
107 m). Further, when considering the phenomenon 
of global warming we can identify impacts driven 

by continuous human resource exploitation and in-
ternational conflict and their destructive outcomes. 
Whatever the mix of the above primary and deriva-
tive impacts at any given locality, the combined 
effects of such entities generate our current global 
predicament.

Underpinning this predicament are regional and 
global economic frameworks based on the pursuit 
of ever-increasing GDP. These are characterised 
by ever-increasing quantitative production, not bal-
anced by a realistic parallel increase in qualitative 
measures of productivity or matching impact re
mediation, and are seriously disarticulated from most 
of the crucial ecological and social drivers of the bio-
sphere (Meadows et al., 1972; Young, 1992; Hynes 
& Panetta, 1994; Hobbs et al., 2006; Rockström et 
al., 2009; Raworth, 2017a; Raworth, 2017b).

FIGURE 1. A template for land system to ecosystem and species life system scale-links in a whole-
systems approach (Hynes & Scanlan,1993; Hynes, 2020. Reproduced with permission).
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In this paper I explore the following concepta 

focusing on continental and planetary scales:  the 
neglect of scale through ignorance, misunder-
standing or under-recognition is a key factor in 
explaining why human society as we know it is 
not sustainable. Parallel observationsa (e.g. socio-
political inertia and a shift from nature and re-
source conservation as externalities to a necessary 
precondition in any resource development, where 
biodiversity stewardship becomes the fundamental 
principle) and associated research questionsa are 
later examined and discussed. 

Contemporary Knowledge and Insights
The Big Picture at the Planetary Level
Johan Rockström et al. (2009, p. 1) from the 
Stockholm Resilience Centre assert that anthropo-
genic pressures on the Earth system have reached a 
‘scale’ likely to effect abrupt global environmental 
change. They propose an approach to global sus-
tainability where they define the ecological ceiling 
within which they consider humanity can operate 
safely (Rockström et al., 2009, pp. 1, 3). The group 
identified nine processes for which boundaries need 
to be established to minimise the risk of crossing 
critical thresholds that may lead to undesirable out-
comes. Together, they suggested, these help define 
planetary boundaries that regulate the stability and 
resilience of the Earth system and proposed ways to 

quantify seven of the nine processes (see Table 1, 
with a cross-reference to Table 3, rows 1, 3 and 4).

At that time, they were unable to determine and 
quantify two additional planetary boundaries, viz. 
chemical pollution and atmospheric aerosol loading. 
Nevertheless, they estimated that by 2009, humanity 
had transgressed three planetary boundaries, viz. cli-
mate change, rate of biodiversity loss, and changes 
to the global nitrogen cycle. As planetary boundaries 
are interdependent, transgressing one may shift the 
position of other boundaries and/or cause them to 
be transgressed. The social impacts of transgressing 
boundaries, they suggest, will be a function of the 
social–ecological resilience of the affected societies.

Steffen et al. (2015) revised this framework, 
considering that the complexity and number of 
novel artefacts (new substances, types of engi-
neered materials, organisms and modified life 
forms) have expanded since 2009. Persson et al. 
(2022) concluded that novel artefacts not only 
form an additional category, but they have already 
transgressed the safe boundary. Refinements in 
the definitions of the boundaries are continuing. 
A recent refinement is the inclusion of green water 
in the assessment of global fresh water (Richardson 
et al., 2023). These researchers have used stream-
flow as a proxy to represent blue water (surface and 
ground water); and root-zone soil moisture to rep-
resent green water (plant available water).

Table 1. Seven processes that help to define planetary boundaries and which influence stability and resilience of the 
Earth system. Two other processes, viz. chemical pollution and aerosol loading, are not included.

 Planetary boundary Technical definitions of indicator processes that help identify critical 
thresholds (compiled from the text of Rockström et al., 2009)

1. Climate change CO2 concentration in the atmosphere <350 ppm and/or a maximum change of 
+1 W m–2 in radiative forcing.

2. Ocean acidification Mean surface seawater saturation state with respect to aragonite ≥80% of 
pre-industrial levels.

3. Stratospheric ozone <5% reduction in O3 concentration from pre-industrial level of 290 Dobson Units.

4. �Biogeochemical nitrogen (N) 
cycle yr–1 phosphorus (P) cycle

Limit industrial and agricultural fixation of N2 to 35 Tg N.
Annual P inflow to oceans not to exceed 10 times the natural background 
weathering of P.

5. Global freshwater use <4000 km3 yr–1 of consumptive use of runoff resources.

6. Land system change <15% of the ice-free land surface under cropland.

7. �Rate at which biological diversity 
is lost

 Annual rate of <10 extinctions per million species.

a	 Note: In Table 3, C = concept, O = observation, and RQ = research question.
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This new approach indicates substantial trans-
gression of the freshwater change boundary. The 
proposed concept of planetary boundaries by 
Rockstrom et al. (op. cit. 2009) lays the groundwork 
for shifting governance and management away from 
growth that minimises negative externalities (e.g. 
unfunded costs resulting from resource use impact 
on biodiversity and on local water quality, etc.), 
where prices do not capture all costs. This situation 
occurs when production and/or consumption impose 
external costs on third parties outside the market for 
which no proper compensation is paid (Helbling, 
2017). Rockstrom et al. imply that such a transition 
will enable us to move toward a more enlightened 
estimation of a safe space for human development.

Kate Raworth (2012) has brought a separate and 
comprehensive approach to the economic dimen-
sion. She proposes a doughnut economic model 

of planetary boundaries with an inner boundary, 
the social foundation. Within this framework she 
expands the concept of a safe space for humanity 
in the biosphere. Her later publication (Raworth, 
2017a) presents a logical case for a paradigm shift 
in economics for the 21st century and articulates 
seven ways to consider the need and potential of its 
application (see Table 2 with a cross-reference to 
Table 3, row 2).

All these adjustments would enable humanity to 
better operate within the limits of scale-dependent 
constraints (Raworth, 2017a,b). Raworth suggests 
that the doughnut concept might help navigate 
to a more sustainable future (Raworth, 2017b). 
Attenborough & Hughes (2020) strongly support this 
innovative conceptual framework, recognising it as 
a perceptive, creative and novel approach to address 
the incompleteness of the current economic system.

Table 2. Seven potential ways of shifting the current economic paradigm, compiled from the text of Raworth 
(2017a). This shift could lead to a more sustainable relationship between human populations and the biosphere.

Current Potential paradigm shift

1. �A GDP goal A doughnut economic goal, within an ecological ceiling and a social foundation 
(see Raworth, 2017a, [unnumbered] Figure, p. 51; see also Raworth (2017a), 
Appendix pp. 295–299 for further details; Hynes, 2022, Figure 1, p. 167).

2. �A self-contained market An embedded economy: where economic values are not necessarily preeminent 
values, and the public interest is determined by social and political processes 
(see Hynes, 2022, p. 167).

3. �Rational economic man Social, adaptable humans (Raworth, 2017a, pp. 94–128).

4. �Systems assumed as having 
mechanical equilibrium

The recognition of their dynamic complexity (Raworth, 2017a, pp. 129–162).

5. �Assumptions that growth will even 
up human equity

Distributive income by design (Raworth, 2017a, pp. 163–205).

6. �Assumptions that growth will 
achieve income equity

Income equity achieved by regenerative design: a process-oriented, 
whole-systems approach to design (Raworth, 2017a, pp. 206–242.; Hynes, 
2022, p. 167).

7. �An economy addicted to growth Becoming an economy agnostic about growth (Raworth, 2017a, pp. 243–285).

Associated Observations Regarding Scale Problems
Four observations seem pertinent:

1.	 Sociopolitical inertia. Presently, both con-
tinental and planetary scales seem to lie 
beyond the focus and survival commitments 
of most individuals and their communities. 
It also seems beyond the capacity to effect 
change by political leaders in most nations 
(see Table 3, row 6).

2.	 For these reasons, it is essential to energise 
world bodies to recognise the challenges of 
an integrated, holistic, scale-relevant path and 
to act accordingly. The current processes and 
leadership guidance – from the UN to most 
nations and their territories – are hindered 
by national political ineptness. Major culture 
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changes are necessary at national and global 
institutional levels (ABC 4 Corners, 2022) 
to enable the ‘right decisions’ and to initiate 
realistic global actions to address planetary 
existential threats. And this includes the UN 
itself (see Table 3, row 6).

3.	 Biodiversity stewardship as a precondition. 
The focus of emerging research is shifting 
from the environment as an externality to the 
protection of the biosphere as a precondi
tion for social justice, economic development, 
and sustainability (Folke et al., 2016, p. 8). 
Further, they state that “humanity has emerged 
as a major force in the operation of the bio-
sphere. Biosphere stewardship is essential in 
the globalised world of interactions with the 
Earth System” (Folke et al., 2016, pp. 7–8) 
supported by biosphere-based, scale-relevant 
science (see Table 3, row 7).

4.	 Knowledge gaps. Notably, Hughes et al. 
(2013) have previously identified and empha-
sised that substantial research is still needed. 
Key issues and problems of specific interest 
here, with the associated research questions 
(Hughes et al., 2016, p. 393), are:

a.	 Regime shifts and tipping points, e.g. how 
do multiple drivers interact and how can 
tipping points be detected or anticipated?

b.	 Connectivity and domino effects, e.g. how 
do local- and regional-scale regime shifts 
spread to larger scales [magnitudes]? (See 
Table 3, row 8.) [This should not be con-
fused with cartographic map scales where 
large scales relate to comparatively small 
areas of a landscape, and small scales 
cover large areas of landscapes.] 

c.	 Governance, e.g. how can adaptive gover
nance be implemented on a global scale? 
And how can incentives for cooperation 
and sanctions for violation be designed 
to minimise free riding in managing the 
global commons? (See Table 3, row 8.)

d.	 Mismatches of scale, e.g. how can we mini
mise the confusion that persists between 

socially defined levels and conventional 
scale levels in ecology? (Cumming et al., 
2006, pp. 13–15). (See Table 3, row 5.)

Given the appearance of collaborative transdis-
ciplinary research, specifically the work examined 
here and its implications, the failure of public in-
stitutions to heed scientific warnings should not 
be blamed on inadequate science. Biermann and 
Rakhyun (2020) have agreed that the planetary 
boundary framework has been influential in gener-
ating academic debate and policy recommendations 
worldwide. However, they identify its limitations 
in political impact and its seeming lack of support 
from the Global Southb.

Summary of Considerations
These considerations and the published research 
and other sources from which they were derived 
are presented in Table 3. Key related sources from 
the first decades of the 21st century up to the pres
ent have been the main sources. This process has 
assisted in identifying the need for higher-level 
forums; reinforcing the need for relevant know
ledge generation and coordination at a global 
scale; and understanding the necessity of securing 
guiding agencies to facilitate action in mitigation, 
remediation or amelioration processes.

Issues of Upscaling and Linked Causal 
Relationships 

Challenges of Upscaling (Scaling-up) in the 
Absence of Adequate Infrastructure
Acknowledging the need for foregoing strategies, 
such as higher-level forums, when seeking to up-
scale management processes particularly for sustain-
ability in rural ecosystems, it is plausible that there 
are not enough skilled people to do the job at the 
right place and time. For this reason, adequate fund-
ing will be needed to reorder our priorities and de-
velop an economic framework that helps to address 
these HR shortfalls (Hynes, 2022, p. 164). Then, if 
government, civil society and businesses work more 
cooperatively and intelligently, we still need to refine 
upscaled strategies for effective interventions.

b	The Global South refers to a group of countries, largely in the Southern Hemisphere, which share economic, political and social 
characteristics. The term is not geographical, but rather a way to group countries based on their common experiences of poverty, 
inequality and vulnerability. These countries are often described as developing, less developed or underdeveloped, and are distinct 
from the developed nations of the Global North (https://en.wikipedia.org/wiki/Global_North_and_Global_South).

https://en.wikipedia.org/wiki/Global_North_and_Global_South
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Table 3. A tabulated and qualitatively rated summary of preliminary considerations on issues regarding the 
management of scale at the planetary level.

Literature 
cited Author/s Subject C O1 O2 R Q 1 R Q 2 Considerations & conclusions 

on impact or influence

1. Rockström 
et al. (2009)

Scale of 
planetary 
boundaries 
(PB)  i i  

Broadens awareness and helps 
clarify global sustainability 
problems; provides alternative 
vision for managing scale at a 
global level (includes explicit ‘’ 
and implicit ‘i’ arguments). 

2. Raworth 
(2017)

Develops 
potential 
economic 
framework for 
No. 1 above 
to operate 
sustainably





 

Helps define ‘ecological ceiling’ 
and ‘social foundation.’
Provides a new economic 
paradigm that could more 
effectively aid in managing scale 
regarding global sustainability 
(with implicit arguments).

3. Steffen et 
al. (2015)

Review of 
planetary 
boundaries 
(PBs)



Reveals need to be aware of 
new materials and organisms 
that can make up a new category 
and to maintain an awareness of 
potentially new categories.

4. Persson et 
al. (2022)

Identification 
of 10th 
boundary 
category


Proposes a new boundary 
category to accommodate new 
materials and organisms.

5. Cumming 
et al. (2006)

Identification 
of mismatches 
of scale

    i

Exposes that confusion persists 
between socially defined levels 
and conventional scale levels in 
ecology and mismatches of scale 
are common; this also applies 
to PBs.

6. ABC 
4 Corners 
(2022)

Need for 
culture change 
in global 
leadership 
guidance

i i Implicitly reflects the need for 
scale-focused forums

7. Folke et al. 
(2016)

Focus shift to 
protection of 
biosphere i i

Emphasises a change of focus 
from the protection of biosphere 
being ‘an externality’ to it being 
‘a precondition for resource use’.

8. Hughes et 
al. (2013)

Key issues 
for future 
research

 
Identifies knowledge gaps and 
key areas for further scale-linked 
research.

9. Biermann 
& Rakhyun 
(2020)

Limitations of 
PB political 
impact   

Outlines the limitations of the 
current planetary boundary 
framework, specifically related 
to politics, stressing the 
Global South.

Note: Information found in the seminal research literature reviewed is summarised in this table on the primary concept, associated 
observations and research questions, respectively, and annotated with the symbols (C), (O1, O2) and [RQ1, RQ2]. Double ticks 
suggest strong relevance, and a single tick suggests moderate relevance to understanding scale-related matters. This information 
may be explicit (ticks) and/or implicit (i).
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To enable us to gain further insight into up
scaling challenges, I now overview briefly three 
nationally but continentally relevant cases that 
expose a lack of understanding of the significance 
of scale by key decision makers: (1) the outdated 
strategy for national broadband communications; 
(2) the response to and management of the invasion 
of the nationally threatening exotic red fire ant pest; 
and (3) the messy and contradictory responses to 
energy futures and climate change. These are a 
small sample of cases that could be discussed.

1.	 The inability of our political mechanisms to 
overcome the challenges of modernising the 
nation’s communication systems were ex
posed by the setback caused when the Abbott 
(2013–2015) federal government with Mal-
com Turnbull as Communications Minister, 
following a review of the NBN (Vertigan, 
2014) early in the LNP’s term, decided to 
move to a tiered hybrid system. This under-
cut a nationwide high-speed broadband net-
work when upgrading Australia’s national 
communications infrastructure in 2014 (Mal
com Turnbull, Wikipedia, 2024). There is a 
strategic flaw here in that satellite technology 
was rapidly advancing and should have been 
part of the mix of any new plan, particularly 
regarding regional and rural areas. The natio
nal situation has now been superseded glo
bally by satellite-based technology, where 
much of the world can communicate effec-
tively and cheaply; for example, in Norway 
telephone communications are free, and in 
Papua New Guinea WhatsApp is the main 
communication system for most of the pop
ulation. Meanwhile, Australians pay dearly 
and are often poorly served for the privilege, 
under an incomplete and inferior infrastruc-
ture. This is the price paid for not recognis-
ing earlier that continental and global scales 
extend to the satellite sphere.

2.	 A case study of the early political break
down of a crucial project, viz. eradication of 
imported red fire ants (Solenopsis invicta) 
when first detected in South East Queens
land (SEQ) in 2001 (Wylie, 2024), has high-
lighted the need for an upscaling strategy 
guided and managed through cooperative 

“national coordination of State responsibi
lities” (Edwards, 2018, p. 14). The Queens-
land Government, he says (p. 14), “stepped 
in quickly to commence an eradication pro-
gram, but once a national program was con-
ceived, urgency faded.” It seems the state 
considered it was being politically disem-
powered. Edwards discussed the compo-
nents of a feasible pathway that necessa
rily encompasses a robust underlying theory, 
coordinated governance and funding for 
collective action. Remarkably, more than 
five years later, although science has provi
ded robust theory and understanding, natio
nal coordination and funding for collective 
action for dealing with this terrible threat 
to agriculture, biodiversity and amenity still 
appears to be inadequate (Claughton et al., 
2023). The current catch-up response would 
seem a mission impossible. The spread of the 
pest appears to be expanding 5–10 km per 
year, and an ‘inside-to-source’, as well as an 
‘outer-perimeter’ control strategy is needed 
(Wylie, 2024). A 2023 report indicated the 
infestation had reached to within 5 km of the 
New South Wales (NSW) border (Rushforth, 
2023). More recent observations confirm it 
has now infested parts of northern NSW 
(NSW Department of Primary Industries, 
2023). However, it must be acknowledged 
that the Queensland manager of the Eradi
cation Program 2024, in recently describing 
the challenging process his team has en
dured in identifying the complex and power
ful adaptive advantages of the species, has 
shown why it so difficult to control and 
eradicate (Wylie, 2024). Hopefully now, an 
integrated control program can at least pre-
vail in containing the pest in key vulnerable 
locations at relevant scales. Nevertheless, 
the 2025 floods in SEQ and northern NSW, 
and the later impacts of Cyclone Alfred, 
have exacerbated the challenges of control 
and further accelerated the spread of this 
pest. It has taken nearly 25 years to achieve a 
whole-of-nation coordinated approach, viz. 
The National Fire Ant Eradication Program 
(https//www.fireants.org.au). A critical com-
ponent is Australia’s new Fire Ant Response 

http://https//www.fireants.org.au
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Plan 2023–2026c, which focuses on aggres-
sive suppression and containment of red fire 
ants in SEQ and into north-eastern NSW. 
It involves compliance and intensifying pro-
gram-led and community applied treatments 
using a systematic, outside-in approach (Bio
security Queensland, 2023). With such an 
uneven early response, only time will tell if 
this strategy is effective

3.	 The third example relates to the federal 
government’s somewhat idealistic, unevenly 
researched and loosely planned approach to 
reliable energy futures in conjunction with 
the current messy national response to climate 
change. Together, these policy approaches 
have created a big and seriously complex 
problem. I focus on only one aspect here. 
The continued support for fossil fuel projects, 
in the face of unambiguous scientific advice, 
exposes the difficulties our political system 
has in moving towards more ecologically 
sustainable human life-systems and high-
lights the limitations of our government’s 
capacity to manage cross-scale conflicting 
themes at a continental level. This is compli-
cated by the reality that some of the world’s 
largest economies continue to expand their 
use of fossil fuels, while our nation, whose 
economy historically has been significantly 
based on fossil fuel exports, is too slowly 
scrambling to adjust to a relevant, innovative 
but realistic contemporary economic model. 
Nevertheless, holistic and far-reaching natio
nal changes based upon new paradigms are 
possible. A standout example is the embed-
ding of economic competition throughout 
the economy, aided by the establishment in 
1995 of the National Competition Council 
in conjunction with the Australian Compe-
tition and Consumer Commission. This has 
been done with a remarkable degree of suc-
cess in orthodox economic terms. To com-
plement this success in the spheres of social 
and ecological sustainability, major urgent 

legislative reforms are needed. These should 
focus not only on an entity such as a new 
National Ecological Integrity and Environ-
ment Protection Act (Quinn, 2020), but also 
on parallel complementary legislation. With 
a reformed legislative base, genuine politi-
cal will and broad community commitment 
(Hynes, 2022, p. 163) aided by distinctive 
but empowered scale-focused, higher-level 
forums, redressing much of the current pre-
dicament in Queensland and Australia-wide 
should become more attainable. However, 
even assuming consensus can be achieved 
on upscaling policy responses at state and 
national levels and, in turn, globally, the en-
couragement of our siloed public institutions 
to develop a capacity to effectively imple-
ment them is crucial. Meanwhile, upscaling 
remains an essential process in addressing 
most global sustainability challenges (Hynes, 
2022, p. 164).

Issues Linked to Causal Relationships 
This is a developing focus of research, presciently 
recognised by researchers over many decades, 
with some important concepts articulated not least 
by James Lovelock (Lovelock, 1979; Lovelock, 
2006). In the ‘Gaia hypothesis’, he proposes that 
“living organisms interact with their inorganic 
surroundings on Earth to form a synergistic and 
self-regulating, complex system that helps to main-
tain and perpetuate the conditions for life on the 
planet.” Lovelock’s controversial hypothesis has 
promoted debate and has motivated more con-
temporary scientists to explore ecologically based 
planetary boundaries and inherent scale challenges. 
Any such macrosystems are hierarchical ecologi-
cal systems, comprising biological, geophysical 
and social components with large extents, which 
interact with one another and with components at 
broader and finer scales (Folke et al., 2011, p. 8).

The research of Heffernan et al. (2014) provides 
examples that depict links from land system to re-
gional and, in turn, to continental and global scales. 

c	The National Fire Ant Response Plan 2023–2026 is a $592.84 million, nationally cost-shared initiative aimed at eradicating red 
imported fire ants in Australia. It focuses on aggressive suppression and containment in South East Queensland and north-eastern 
NSW, utilising a ‘horseshoe’ strategy (Moreton Bay to Tweed) with expanded aerial/ground baiting, increased surveillance, and 
stricter compliance against human-assisted spread (Biosecurity Queensland, 2023).

https://en.wikipedia.org/wiki/Organism
https://en.wikipedia.org/wiki/Inorganic_compound
https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Synergy
https://en.wikipedia.org/wiki/Homeostasis
https://en.wikipedia.org/wiki/Complex_system
https://en.wikipedia.org/wiki/Complex_system
https://en.wikipedia.org/wiki/Life
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Their work implies in ecological macroscale in
ves tigations that components can interact with one 
another spatially at both local and global scales.

They say: 

Macrosystems ecology (MSE) treats the com-
ponents of regions to continents as a set of 
interacting parts of a system. Theory and con-
cepts for macrosystems can come from a wide 
range of ecological subdisciplines and envi-
ronmental disciplines. Outcomes can enable 
the integration of fine-scaled mechanisms with 
broad-scale patterns and processes that will 
improve predictions of environmental change 
and better inform environmental policy at the 
scale of regions to continents” (Heffernan et al., 
2014, p. 1).

Recent MSE studies illustrate how regional- and 
continental-scale processes can create unexpected 
responses to environmental changes at local to 
global scales. For instance, key interactions within 
and across scales that influence the frequency and 
extent of outbreaks of the mountain bark beetle 
(Dendroctonus ponderosae) in American whitebark 
pine (Pinus strobus) forests reveal flow-on impacts 
on food supplies for grizzly bears (Ursus arctos 
horribilis). The bears rely on the large, fatty seeds 
to survive hibernation, and poor cone masts over 
large extents can drive bears into areas populated 
by humans, leading to increased conflict between 
bears and people (after Gunther et al., 2004, in 
Heffernan et al., 2014, p. 12).d 

 They identify at least four major types of inter-
actions: teleconnections, cross-scale interactions, 
cross-scale emergence, and macroscale feedback 
(Heffernan et al., 2014, p. 8). 

Teleconnections were first described as interac-
tion macroscale feedbacks among distant climatic 
systems. However, ecologists and other environ-
mental scientists have adopted the term ‘telecon-
nection’ to refer to any phenomenon that creates 
strong links between distant and otherwise discon-
nected regions via the movements of organisms, 
materials, energy or information (Heffernan et al., 
2014, op. cit.). 

Cross-scale interactions refer to processes that 

at one spatial or temporal scale can interact with 
processes at another scale, often resulting in non-
linear dynamics with thresholds. A regional driver 
variable such as anthropogenic disturbance (e.g. 
agricultural land use) influences the degree to 
which a local driver variable (e.g. a wetland area) 
of a watershed influences downstream nutrients 
(Heffernan et al., 2014, op. cit.). 

Cross-scale emergence is defined as components 
at local scales that can interact and accumulate 
across space to produce patterns and processes at 
the macroscale, i.e. emergent properties such as 
severe drought that has resulted in large areas of 
exposed soil that can collectively contribute vast 
quantities of dust to the atmosphere over even 
larger areas (Heffernan et al., 2014, op. cit.); for 
example, in Australia, periodic major dust storms, 
many originating in north-western Victoria, wes
tern New South Wales and western Queensland, 
which then cover vast areas. 

Macroscale feedback implies the effect of 
one macroscale component that can be ampli-
fied (positive feedback) or diminished (negative 
feedback) by another macroscale component. For 
example, regional vegetation cover both influences 
and responds to precipitation, creating a potential 
positive feedback loop. Models suggest that such 
feedbacks promote rapid and persistent transi-
tions between barren and vegetated states in cer-
tain deserts, and similar feedbacks occur between 
tropical or boreal forests and their climatic sys-
tems (Heffernan et al., 2014, op. cit.). Associated 
research reveals that macrosystems will often in-
clude components that operate at a larger number 
of spatial levels and extent (Heffernan et al., 2014, 
p. 12).

To be most effective, they argue that:

Studies of macrosystems must be focused on 
macroscale patterns and processes, but such 
studies will also link local and global scales 
across both space and time, using a wide range 
of methods (Levy et al., 2014, p. 15). The scope 
of expertise needed to adopt these approaches 
demands that MSE be highly collaborative and 
transdisciplinary or at least cross-disciplinary 

d	In Australia, the cases of conflict between dingoes (Canis lupus dingo) and people at Uluru and on K’gari (Frazer Island) are similar 
but perhaps less complex.
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(Cheruvelil et al., 2014, p. 3056; Goring et al., 
2014, pp. 41–43). Ecologists must give seri-
ous attention to information science because of 
the massive datasets and intense computational 
loads associated with macrosystems research 
(Rüegg et al., 2014, pp. 24, 29).

In one case, Heffernan et al. (2014, p. 10) examine 
the conversion of rainforest in the Amazon to cattle 
production pasture and the changing relationships 
observed. This case is relevant when examining 
the relationships of tree clearing for grazing in 
Queensland’s rangelands. Hungate & Marks (2021) 
and associated contributing authors provide insights 
into the status and role of biology at the macrosys-
tem scale, the successes to date and the challenges 
that must be overcome at these levels.

Discussion
In this paper I have explored the concept the neglect 
of scale (on continental and global levels) through 
ignorance, misunderstanding or under-recognition 
is a key factor in explaining why human society as 
we know it is not sustainable.

This investigation has exposed geopolitical de
ficiencies that lead to the following observations:

1.	 There are inadequate forums for allowing 
people to understand scale or for those who 
operate at different scales in a sector (e.g. 
practitioners, scientists, economists, sociolo-
gists, AI creators and others) to get together 
and share their insights.

2.	 Governments are not establishing and em-
powering such forums or funding organisa-
tions that can operate them as integrating, 
guiding agencies, or incorporating them into 
effective existing bodies. 

To interrogate the concept, the following research 
questions have been identified and briefly examined:

1.	 What, in the social-ecological context of a 
sample of research projects and programs, 
are the scale problems?

2.	 What actions need to be integrated into 
national procedures for policy formulation, 
and applied to solve these problems to miti-
gate or remediate scale-related challenges 
currently hindering sustainable outcomes?

As the scope of the activities of our socio-economic 
institutions (e.g. UN agencies, key NGOs, federal 
governments, global corporations) expands and com
plexity increases, forums are required to manage 
scale-related issues at complex levels, viz. continental 
and global scales. As history has demonstrated, simi-
lar forums established in the past are vulnerable 
to political and government institutional forces that 
make them susceptible to abolition (Marlow, 2020, 
pp. 35–41). A fundamental remedy for tackling the 
challenges facing humanity at national or global 
levels is to establish forums that have adequate 
national and international political agency to guide 
scalable, workable interventions. Those with greater 
confidence in managing scale issues should better 
enable humanity to find a more resilient pathway 
towards a safe space to persist on Earth.

Higher-level forums are needed to guide and 
help the integration at scale of these findings, 
covering two crucial themes:

1.	 Strategically, at whole-system scientific levels.
2.	 Creatively and culturally focused, when im-

plementing and enabling effective policy. 

The second theme would gain from acknowledging 
that we are dealing with complex social-ecological 
systems (SES) (Hynes, 2022, p. 164) that require 
robust research methods (Biggs et al., 2021) to find 
viable policy solutions. However, a further challenge 
arises because ecological-scale categories seldom 
match up meaningfully with sociological entities to 
produce effective practical applications. Confusion 
persists between socially defined and conventional 
scientific levels in ecology. Cumming et al. (2006, 
op. cit.) have identified that scale mismatches are 
widespread in social-ecological systems.

In Australia, the challenge to sustain significant 
professional forums has been reviewed by Marlow 
(2020, p. 29) and Alexandra (2020, p. 58). These 
authors examined the history of such important 
agencies as Commission for the Future (CFF) 
(1985–1998); Queensland’s Regional Open Space 
System (ROSS) (1994–2012); Land & Water Aus-
tralia (LWA) (1990–2009); National Water Com-
mission (NWC) (2004–2914); and the Climate 
Commission (CC) (2011–2013) (Marlowe, 2020, 
p. 29). All of these have been terminated. It is 
essential therefore that there is security of tenure 
and guarantees of continuing political support if 
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crucial forums are to realise their potential to foster 
informed and more comprehensive management, 
based on rigorous scientific information. To achieve 
this, however, these bodies need to be capable of 
adapting quickly and intelligently to major emerg-
ing challenges and restructure their research and 
operational strategies as necessary, with sufficient 
political awareness to ensure their longevity. 

Zipkin et al. (2021, pp. 35–36) have identified 
pathways to better integrate large data sources in 
regional ecology. Similar approaches need to be 
applied to continental and global scales. The work 
of the Intergovernmental Panel on Climate Change 
on trends, thresholds and scenarios on global warm-
ing and climate change is perhaps the most evolved 
global system of investigation, insight and causal 
prediction at these scales yet achieved. 

At a continental level, the Australian Terrestrial 
Ecosystem Network (TERN, 2024) can provide 
a platform based on a scale-oriented national 
network to provide ecosystem observation data 
at continental, regional and local scales. From 
this base, modelling and syntheses can be sup-
ported through engagement, outreach, education, 
training, and skills development (TERN, 2024, 
p. 11). Network links from state and territory 
networks such as QLDGLOBE (Hynes, 2020, 
p. 177) can support and contribute to the scale-
savvy responsibilities of the national agent. Natio
nal forums would comprise scale specialists from 
each state and territory (including those from gov-
ernment and research agencies) with those from 
TERN to address our continental issues.

NEON, the USA’s National Ecological Observa-
tory Network (Balch et al., 2019), with cooperation 
between the USA and Canada, can do the same (if 
support continues) for the North American con
tinent. If similar bodies across the continents were 
globally linked, such a network could provide a 
dedicated, scale-intelligent ‘Network of Networks’ 
forum to address global-scale management issues. 
Neon’s timeframe is 30 years; TERN’s is 5 years 
and clearly needs extending beyond 2028, as would 
all contributing groups. So, in turn, national specia
list representatives could become members of a 
‘Network of Networks’ Global Scale Forum (GSF). 
Relevant satellite- and drone-generated data, and 
associated technologies, need to be an integral part 
of the GSF network’s operation.

It follows that this nested organisational struc-
ture could provide rigorous understanding of 
scale to the Future Earth program (Future Earth, 
2020) and the implementation of paradigms like 
the Total Human Ecosystem earlier outlined. Not-
withstanding this, the foregoing overview and 
examination reinforces the contention that pres-
ently, relevant effective scale-focused forums at 
continental and global levels do not exist in any 
coordinated framework.

Acknowledging this fact, even if scale-relevant 
pathways to zero emissions can be creatively iden-
tified, it is not yet certain that a CO2+ reduction-
management strategy that supports global sus
tainability and resilience programs is possible. 
Nevertheless, it is imperative that we try, and im-
mediate action is critical. For this reason, focused, 
integrated support systems at a global scale are cru-
cial to enable necessary mitigation, amelioration or 
remediation in essential transitions. TERN (2024) 
can positively contribute to the Australian conti-
nental component of a strategic global scale-linked 
forum to more effectively meet these and asso
ciated challenges.

Conclusions
Understanding of planetary boundaries expanded 
significantly when investigated and described by 
Rockström et al. (2009). Hughes et al. (2013) re-
viewed and identified a range of gaps in know
ledge. Steffen et al. (2015), Persson et al. (2022) and 
Richardson et al. (2023) have further revised and 
developed this understanding. While the subject 
is undergoing continuous investigation and refine-
ment, as is normal in science, current scientific 
knowledge is adequate to justify urgent remedial 
action. Research regarding linking continental scales 
to planetary levels is in progress and continually ad-
vancing (Folke et al., 2011; Heffernan et al., 2014; 
Levy et al., 2014; Cheruvelil et al., 2014; Goring et 
al., 2014; Rüegg et al., 2014; Hungate & Marks, 
2021; and Zipkin et al., 2021).

To build on this foundation it follows that effec
tive remedial action at a global scale requires en-
during and flexible:

1.	 Higher-level, scale-savvy forums to debate 
responses to emerging scientific and other 
associated knowledge.
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2.	 Effective scholarly and analytical procedures 
to integrate knowledge about planetary boun
daries and how they can be accommodated.

3.	 Secure guiding agencies that are empowered 
to act to reverse the scale-linked maladapta-
tions of the past and seek to accommodate the 
challenges of the present and the future.

It is my contention that existing higher-level 
agencies and working groups, except perhaps for a 
strengthening IPCC, are presently inadequate. 
However, TERN Australia has the potential to be 
the base for a national higher-level, scale-intelligent 
forum linked to state and territory jurisdictions for 
our continent. We just need to enable it.

Notwithstanding this, the provision of these 
essential components in a politically dynamic and 
nationally self-interested world may be the big-
gest barrier to developing a globally cooperative 
understanding of scale-linked issues. To overcome 
this barrier and implement effective policy with 
political acceptance, securely tenured functionaries 
would need to operate through a cooperative net-
work of government and research agencies that 
merge their findings and recommendations. TERN 

as the national facilitator and coordinator would 
deliver these outputs to higher-level forums linked 
to relevant national agencies, continental alliances 
and world bodies. This could be called the Global 
Scale Forum, i.e. the GSF.

The next one hundred years will undoubtedly 
present the greatest challenge to survival that Homo 
sapiens/Homo economicus has yet to face (Hynes, 
2022). A substantial increase in knowledge and 
skills about planetary boundaries and their trans-
gressions, while finding global solutions, will be 
crucial to the future survival of biodiversity and 
human populations. International coordination and 
cooperation will be the key to scaling-up effec-
tive strategies for global agreement and practical 
outcomes regarding a safe space for humanity and 
the biosphere. Immediate, planned, relevant action 
through these novel pathways at scale is an impera-
tive. Even so, the big, audacious question that 
remains is: can the Earth’s peoples adapt quickly 
enough to cooperate on a global scale and achieve 
this ‘safe space’ for our future? Working together, 
understanding and solving crucial scale-linked 
problems will make us better at adapting to this 
challenge.

Acknowledgements
Special thanks are due to Adjunct Professor Dr Geoff Edwards for policy-linked advice; Justin Maroccia 
for encouragement and valuable editorial assistance, with important critical comments provided by four 
independent reviewers; and finally, Adjunct Professor Dr Jim Davie for editorial advice and supportive 
scientific discussion.

Literature Cited
ABC 4 Corners. (2022, 8 August). The Whistleblowers inside the UN. Australian Broadcasting Corporation.
Alexandra, J. (2020). Processes and institutions for scientific independence: Reflections on Land & Water 

Australia. Proceedings of The Royal Society of Queensland, 124, 49–62. https://www.royalsocietyqld.
org/wp-content/uploads/2020/01/Alexandra_Web.pdf

Arthington, A. H., Rossini, R. A., Flook, S. C., Jackson, S. E., Tomlinson, M., & Walton, C. S. (Eds.). (2020). 
Springs of the Great Artesian Basin. Proceedings of The Royal Society of Queensland, 126. https://www.
royalsocietyqld.org/wp-content/uploads/Proceedings%20126%20v2/PRSQ_126_Combined_Web.pdf

Attenborough, D., & Hughes, J. (2020). A life on our planet: My witness statement and vision for the 
future. Witness Books; Penguin; Random House.

Balch, J. K., Nagy, R. C., & Halpern, B. S. (2019). NEON is seeding the next revolution in ecology. 
Frontiers in Ecology and the Environment, 18(1), 3. https://doi.org/10.1002/fee.2152

Biermann, F., & Rakhyun, E. K. (2020). The boundaries of the planetary boundary framework: a critical 
appraisal of approaches to define a “safe operating space” for humanity. Annual Review of Environment 
and Resources, 45, 497–521. https://doi.org/10.1146/annurev-environ-012320-080337

Biggs, R., Clements, H., de Vos, A., Folke, C., Manyani, A., Maciejewski, K., et al. (2021). Routledge 
handbook of research methods for social-ecological systems. Routledge.

https://www.royalsocietyqld.org/wp-content/uploads/2020/01/Alexandra_Web.pdf
https://www.royalsocietyqld.org/wp-content/uploads/2020/01/Alexandra_Web.pdf
https://www.royalsocietyqld.org/wp-content/uploads/Proceedings%20126%20v2/PRSQ_126_Combined_Web.pdf
https://www.royalsocietyqld.org/wp-content/uploads/Proceedings%20126%20v2/PRSQ_126_Combined_Web.pdf
https://doi.org/10.1002/fee.2152
https://doi.org/10.1146/annurev-environ-012320-080337


Ross A. Hynes14

Biosecurity Queensland. (2023). Fire Ant Response Plan 2023–2026 [National Fire Ant Eradication Plan (2010–
2026)]. State of Queensland (Department of Primary Industries); Queensland Government & Department of 
Agriculture, Fisheries and Forestry; Commonwealth Government & associated jurisdictions. https://www.
fireants.org.au/about-us/response-plan

Claughton, D. S., Condon, M., Jose, H., & Webster, L. (2023, 19 July). Red fire ants now 12km north of Queensland-
NSW border prompting calls for funding injection, checkpoints. NSW Country Hour. https://www.abc.net.
au/news/2023-07-18/red-fire-ants-nearing-nsw-farmers-want-border-checkpoints-funds/102610930

Cheruvelil, K. S, Soranno, P. A., Weathers, K. C., et al. (2014). Creating and maintaining high performing 
collaborative research teams: the importance of diversity and interpersonal skills. Frontiers of Ecology 
and Environment, 12, 31–38.

Collard, R.-C., & Dempsey, J. (2019). Two icebergs: Difference in feminist political economy. Environment 
and Planning A: Economy and Space, 52(1), 237–247. https://doi.org/10.1177/0308518X19877887

Cumming, G. S., Cumming, D. H. M., & Redman, C. L. (2006). Scale mismatches in social-ecological sys
tems: causes, consequences, and solutions. Ecology and Society, 11(1), 14. https://www.ecologyandsociety.
org/vol11/iss1/art14

Edwards, G. (2018). Feasible paths: How to implement solutions to problems (Presidential address). 
Proceedings of The Royal Society of Queensland, 123, 7–16. 

Folke, C., Biggs, R., Norström, A. V., Reyers, B., & Rockström, J. (2016). Social-ecological resilience 
and biosphere-based sustainability science. Ecology and Society, 21(3), 41. https://dx.doi.org/10.5751/
ES-08748-210341

Future Earth. (2020). Future Earth. https://futureearth.org
Goring, S. J., Weathers, K. C., Dodds, W. K., et al. (2014). Improving the culture of interdisciplinary 

collaboration in ecology by expanding measures of success. Frontiers of Ecology and Environment, 
12, 39–47.

Heffernan, J. B., Soranno, P. A., Angilletta, M. J. Jr., Buckley, L. B., Gruner, D. S., Keitt, T. H., et al. 
(2014). Macrosystems ecology: understanding ecological patterns and processes at continental scales. 
Frontiers of Ecology and Environment, 12(1), 5–14. https://doi.org/10.1890/130017

Helbling, T. (2017). Externalities: Prices do not capture all costs (Back to Basics Compilation). Inter
national Monetary Fund F&D Magazine. https://www.imf.org/en/Publications/fandd/issues/Series/
Back-to-Basics/Externalities

Hobbs, R. J., Arica, S., Aronson, J., Baron, J. S., Bridgewater, P., Cramer, V. A., et al. (2006). Novel 
ecosystems: theoretical and management aspects of the new ecological world order. Global Ecology 
and Biogeography, 15, 1–7. https://doi.org/10.1111/j.1466-822X.2006. 00212.x

Hughes, T. P., Carpenter, S., Rockström, J., Scheffer, M., & Walker, B. (2013). Multiscale regime shifts 
and planetary boundaries. Trends in Ecology and Evolution, 28(7), 389–395. https://dx.doi.org/10.1016/ 
j.tree.2013.05.019

Hungate, B. A., & Marks, J. C. (2021). Biology at the macrosystem scale. Frontiers in Ecology and the 
Environment, 19(1) (Special Issue: Macrosystems Biology – Challenges and Successes). https://doi.
org/10.1002/fee.2306

Hynes, R. A. (2020). Science through a big window (Presidential address). Proceedings of The Royal 
Society of Queensland, 128, 169–185. https://www.royalsocietyqld.org/wp-content/uploads/Proceedings 
%20128%20v2/12_Presidential_Address_2020_Web_revised.pdf

Hynes, R. A. (2021). Edges of science and challenges of communications: Confusion in the community 
and finding a way forward (Presidential address). Proceedings of The Royal Society of Queensland, 
129, 93–105. https://doi.org/10.53060/prsq.2021.pres

Hynes, R. A. (2022). The imbalance of power between urban and rural populations when addressing 
sustainability while burdened by indifferent politics (Presidential address). Proceedings of The Royal 
Society of Queensland, 131, 163–170. https://doi.org/10.53060/prsq.2022-15

https://www.fireants.org.au/about-us/response-plan
https://www.fireants.org.au/about-us/response-plan
https://www.abc.net.au/news/2023-07-18/red-fire-ants-nearing-nsw-farmers-want-border-checkpoints-funds/102610930
https://www.abc.net.au/news/2023-07-18/red-fire-ants-nearing-nsw-farmers-want-border-checkpoints-funds/102610930
https://www.abc.net.au/news/2023-07-18/red-fire-ants-nearing-nsw-farmers-want-border-checkpoints-funds/102610930
https://doi.org/10.1177/0308518X19877887
https://www.ecologyandsociety.org/vol11/iss1/art14
https://www.ecologyandsociety.org/vol11/iss1/art14
https://dx.doi.org/10.5751/ES-08748-210341
https://dx.doi.org/10.5751/ES-08748-210341
https://futureearth.org
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Heffernan%2C%2BJames%2BB
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Soranno%2C%2BPatricia%2BA
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Angilletta%2C%2BMichael%2BJ
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Buckley%2C%2BLauren%2BB
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Gruner%2C%2BDaniel%2BS
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Keitt%2C%2BTim%2BH
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Kellner%2C%2BJames%2BR
file://localhost/C:/Users/agpdart/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/2MJQQ59N/12(1
https://doi.org/10.1890/130017
http://www.imf.org/en/Publications/fandd/issues/Series/Back-to-Basics/Externalities
http://www.imf.org/en/Publications/fandd/issues/Series/Back-to-Basics/Externalities
https://doi.org/10.1111/j.1466-822X.2006.00212.x
https://doi.org/10.1111/j.1466-822X.2006.00212.x
https://dx.doi.org/10.1016/j.tree.2013.05.019
https://dx.doi.org/10.1016/j.tree.2013.05.019
https://doi.org/10.1002/fee.2306
https://doi.org/10.1002/fee.2306
https://www.royalsocietyqld.org/wp-content/uploads/Proceedings%20128%20v2/12_Presidential_Address_2020_Web_revised.pdf
https://www.royalsocietyqld.org/wp-content/uploads/Proceedings%20128%20v2/12_Presidential_Address_2020_Web_revised.pdf
https://doi.org/10.53060/prsq.2021.pres
https://doi.org/10.53060/prsq.2022-15


Managing Scale for Sustainability from Science to Application 1 15

Hynes, R. A. (2026). Managing scale for sustainability from science to application 2: Challenges at land 
system, ecosystem, and life system levels – A preliminary review [Manuscript in preparation].

Hynes, R. A., & Scanlan, J. C. (1993, September). Pest Plant Research Using a Whole Systems Approach 
for Sustainable Land Use in Queensland. Proceedings II, 10th Australian and 14th Asian-Pacific Weed 
Conference, 110–117. https://caws.org.nz/old-site/awc/1993/awc199321101.pdf

Hynes, R. A., & Panetta, F. D. (1994). Pest Invasion, Land Sustainability and the Maintenance of Bio
diversity. Australian Biologist, 7, 4–22.

Isbell, F., Balvanera, P., Mori, A. S., He, J.-S., Bullock, J. M., Regmi, G. R., et al. (2023). Expert per
spectives on global biodiversity loss and its drivers and impacts on people. Frontiers in Ecology and 
Environment, 21(2), 94–103. https//doi:10.1002/fee.2536 

Latour, B. (2004). Politics of Nature: How to Bring the Sciences into Democracy [Translated by Catherine 
Porter]. https://doi.org/10.4159/9780674039964

Levy, O., Ball, B. A., Bond-Lamberty, B., et al. (2014). Approaches to advance scientific understanding of 
macrosystems ecology. Frontiers of Ecology and Environment, 12, 15–23. https://doi.org/10.1890/130019

Lovelock, J. (1979). Gaia: A New Look at Life on Earth. Oxford University Press.
Lovelock, J. (2006). The Revenge of Gaia: Why the Earth Is Fighting Back – and How We Can Still Save 

Humanity. Allen Lane.
Marlow, D. (2020). Creating and then abolishing bodies of scientific knowledge, expertise and analytical 

capability: An Australian political malaise. Proceedings of The Royal Society of Queensland, 124, 
27–47. https://www.royalsocietyqld.org/wp-content/uploads/2020/01/Marlow_Web_Final.pdf

Meadows, D. H., Meadows, D. L., Randers, J., & Behrens, W. W. III. (1972). The limits to growth. Potomac 
Associates; Universe Books.

Naveh, Z. (2000) The Total Human Ecosystem: Integrating Ecology and Economics. BioScience, 50(4), 
357–361. https://doi.org/10.1641/0006-3568(2000)050[0357:TTHEIE]2.3.CO;2

NSW Department of Primary Industries. (2023, 25 November). NSW Government responds to detection of 
Red Imported Fire Ants in northern NSW. https://www.dpi.nsw.gov.au/about-us/media-centre/releases/ 
2023/ministerial/nsw-government-responds-to-detection-of-red-imported-fire-ants-in-northern-nsw

Persson, L., Almroth, B. M. C., Collins, C. D., Cornell, S., de Wit, C. A., Diamond, M. L., et al. (2022). 
Outside the Safe Operating Space of the Planetary Boundary for Novel Entities. Environmental Science 
& Technology, 2022, 56(3), 1510–1521. https://doi.org/10.1021/acs.est.1c04158

Porfirio, L. L., Antille, D. L., Watson, I., Abbott, B. N., Bowman, D. M. J. S., Briggs, P. R., et al. (2020). 
Productivity and biomass of Australian rangelands: Towards a national database. Proceedings of 
The Royal Society of Queensland, 128, 75–97. https://www.royalsocietyqld.org/wp-content/uploads/
Proceedings%20128%20v2/07_Porfirio_et_al_Web.pdf

Quinn, N. (2020). Submission to the independent review of the Environment Protection and Biodiversity 
Conservation Act 1999. Griffith University, Queensland. https://scienceqld.org/wp-content/uploads/ 
2022/09/Dr_N_Quinn_on_ESD.pdf

Raworth, K. (2012). A safe and just space for humanity [Oxfam discussion paper]. Oxfam International. 
https://oi-files-d8-prod.s3.eu-west-2.amazonaws.com/s3fs-public/file_attachments/dp-a-safe-and-just-
space-for-humanity-130212-en_0_4.pdf

Raworth, K. (2017a). Doughnut Economics: Seven ways to think like a 21st-century economist. Penguin 
Random House. 

Raworth, K. (2017b). A doughnut for the Anthropocene: humanity’s compass in the 21st century. The 
Lancet Planetary Health, 1(2), E48–E49. https://doi.org/10.1016/S2542-5196(17)30028-1

Richardson, K., Steffen, W., Lucht, W., Bendtsen, J., Cornel, S. E., Donges, J. F., et al. (2023). Earth 
beyond six of nine planetary boundaries. Science Advances, 9(37), 1–16. https://doi.org/10.1126/
sciadv.adh2458

Rockström, J., Steffen, W., Noone, N., Persson, A., Chapin, F. S. III, Lambin, E., et al. (2009). Planetary 

https://caws.org.nz/old-site/awc/1993/awc199321101.pdf
https://doi.org/10.4159/9780674039964
https://doi.org/10.1890/130019
https://archive.org/details/gaianewlookatlif00loverich
https://www.royalsocietyqld.org/wp-content/uploads/2020/01/Marlow_Web_Final.pdf
https://doi.org/10.1641/0006-3568(2000)050%5b0357:TTHEIE%5d2.3.CO;2
https://www.dpi.nsw.gov.au/about-us/media-centre/releases/2023/ministerial/nsw-government-responds-to-detection-of-red-imported-fire-ants-in-northern-nsw
https://www.dpi.nsw.gov.au/about-us/media-centre/releases/2023/ministerial/nsw-government-responds-to-detection-of-red-imported-fire-ants-in-northern-nsw
https://doi.org/10.1021/acs.est.1c04158
https://www.royalsocietyqld.org/wp-content/uploads/Proceedings%20128%20v2/07_Porfirio_et_al_Web.pdf
https://www.royalsocietyqld.org/wp-content/uploads/Proceedings%20128%20v2/07_Porfirio_et_al_Web.pdf
https://scienceqld.org/wp-content/uploads/2022/09/Dr_N_Quinn_on_ESD.pdf
https://scienceqld.org/wp-content/uploads/2022/09/Dr_N_Quinn_on_ESD.pdf
https://oi-files-d8-prod.s3.eu-west-2.amazonaws.com/s3fs-public/file_attachments/dp-a-safe-and-just-space-for-humanity-130212-en_0_4.pdf
https://oi-files-d8-prod.s3.eu-west-2.amazonaws.com/s3fs-public/file_attachments/dp-a-safe-and-just-space-for-humanity-130212-en_0_4.pdf
https://doi.org/10.1016/S2542-5196(17)30028-1
https://doi.org/10.1016/S2542-5196(17)30028-1
https://doi.org/10.1126/sciadv.adh2458
https://doi.org/10.1126/sciadv.adh2458


Ross A. Hynes16

boundaries: Exploring the safe operating space for humanity. Ecology and Society, 14(2), 32. https://
www.ecologyandsociety.org/vol14/iss2/art32/ 

Rüegg, J., Gries, C., Bond-Lamberty, B., et al. (2014). Completing the data life cycle using information 
management in macrosystems ecology research. Frontiers of Ecology and Environment, 12, 24–30.

Rushforth, C. (2023, 21 July). Red fire ant outbreak discovered 5km north of NSW border at 
equestrian centre in Tallebudgera Valley. ABC News. https://www.abc.net.au/news/2023-07-21/
red-fire-ant-outbreak-5km-from-nsw-border-tallebudgera/102631792

Spinney, L. (2024). How to rebuild democracy to truly harness the power of the people. New Scientist, 
3511, 35. https://www.newscientist.com/article/mg26435112-500-how-to-rebuild-democracy-to-truly-
harness-the-power-of-the-people

Steffen, W., Richardson, K., Rockström, J., Cornell, S. E., Fetzer, I., Bennett, I. M., et al. (2015). Planetary 
boundaries: Guiding human development on a changing planet. Science, 347(6223), 736; 1259855, 
1–10. https://doi:10.1126/science.1259855

TERN. (2024). Terrestrial Ecosystem Research Network: Strategic Plan & Key Activities 2023–2028. 
Tern Ecosystem Research Infrastructure; National Research Infrastructure for Australia. https://www.
tern.org.au/wp-content/uploads/TERN_2023-28_Strategic-Plan_Oct25-on-web.pdf

Vertigan, M. (2014). Independent cost-benefit analysis and review of regulation. (In An independent review 
of the Telecommunications Access Regime). Australian Department of Communications. https://www.
infrastructure.gov.au/sites/default/files/NBN-Market-and-Regulatory-Report_0.pdf (Vol. 1); https://
www.infrastructure.gov.au/sites/default/files/Cost-Benefit_Analysis_-_FINAL_-_For_Publication_0.
pdf (Vol. 2).

Wylie, R. (2024, 25 March) Imported red fire ants: Their collective population behaviour and the 
Queensland 2024 eradication program [AGM presentation]. Cubberla-Witton Catchment Network.

Young, M. D. (1992). Sustainable Investment and Resource Use: Equity, environmental integrity, and 
economic efficiency. CSIRO; UNESCO; Park Ridge; Parthenon Publishing Group.

Zipkin, P. F., Zylstra, E. R., Wright, A. D., Saunders, S. P., Finley, A. O., Dietze, M. C., et al. (2021). 
Addressing data integration challenges to link ecological processes across scales. Frontiers of Ecology 
and Environment, 19(1), 30–38. https://dx.doi.org/10.1002/fee.2290

Author Profile
Ross Hynes MSc, PhD is an ecologist with wide experience in environmental impact assessment and 
resource – analysis, planning and management, with ongoing interests in forest and rangeland ecosystems. 
He is an Adjunct Professor at the University of the Sunshine Coast, and has previously held positions as 
Associate Professor, School of Tropical Biology JCU; Executive Dean and Professor, School of Natural 
and Physical Sciences UPNG; and formerly was Director of Research and Planning, QNPWS, Director of 
Land Protection Research, QDL, and Deputy Director CRC Tropical Savannas. He was President of The 
Royal Society of Queensland in 1989 and from 2020–2022.

https://www.ecologyandsociety.org/vol14/iss2/art32/
https://www.ecologyandsociety.org/vol14/iss2/art32/
https://www.abc.net.au/news/2023-07-21/red-fire-ant-outbreak-5km-from-nsw-border-tallebudgera/102631792
https://www.abc.net.au/news/2023-07-21/red-fire-ant-outbreak-5km-from-nsw-border-tallebudgera/102631792
https://www.newscientist.com/article/mg26435112-500-how-to-rebuild-democracy-to-truly-harness-the-power-of-the-people
https://www.newscientist.com/article/mg26435112-500-how-to-rebuild-democracy-to-truly-harness-the-power-of-the-people
ttps://doi:10.1126/science.1259855
https://www.tern.org.au/wp-content/uploads/TERN_2023-28_Strategic-Plan_Oct25-on-web.pdf
https://www.tern.org.au/wp-content/uploads/TERN_2023-28_Strategic-Plan_Oct25-on-web.pdf
https://www.infrastructure.gov.au/sites/default/files/NBN-Market-and-Regulatory-Report_0.pdf
https://www.infrastructure.gov.au/sites/default/files/NBN-Market-and-Regulatory-Report_0.pdf
https://www.infrastructure.gov.au/sites/default/files/Cost-Benefit_Analysis_-_FINAL_-_For_Publication_0.pdf
https://www.infrastructure.gov.au/sites/default/files/Cost-Benefit_Analysis_-_FINAL_-_For_Publication_0.pdf
https://www.infrastructure.gov.au/sites/default/files/Cost-Benefit_Analysis_-_FINAL_-_For_Publication_0.pdf
https://dx.doi.org/10.1002/fee.2290



