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A B S T R A C T

Formal protected areas are a critical conservation measure so long as their tenure is defined and secure and they
are well managed. Protected areas in developed countries are assumed to meet these criteria and therefore have
not attracted the level of attention given to the adequacy of protected areas in developing countries. We in-
vestigate this assumption using as a case study the southern temperate rainforests of Tasmania, Australia. We
examine the extent to which these rainforests are protected from potential exposure to mining, commercial
logging and climate change. We analyse the tenure of Tasmania's rainforests and identify the protected area
categories that prohibit or allow mining or logging. We also model the potential distribution of Nothofagus
cunninghamii, a dominant rainforest canopy tree species, to future climate and compare this with modelled
current and future forest fire danger index. Results showed that 90% of the total area of Tasmanian rainforest
(715,773 ha−1) is in a reserve. However, the area of rainforest in reserves secured from mining and/or com-
mercial logging is only 47% (335,863 ha−1) as 43% (308,897 ha−1) is in a reserve category where these land
uses are permitted. The protected area category with the highest level of protection, prohibiting all mining and
logging, is the Tasmanian Wilderness World Heritage Area which encompasses 325,920 ha−1 of temperate
rainforest. During a recent legislative review, 66,012 ha−1 of rainforest in protected areas was downgraded to a
reserve category that permits logging or mining. A key conservation instrument therefore is the Management
Plan for the World Heritage Area as it overrides land use activities otherwise permitted including the
21,257 ha−1 which is on a State-defined land tenure that allows for logging or mining. Climate change impacts,
as modelled, suggest the main conservation challenges are in maintaining the integrity of the remaining intact
rainforest blocks and better managing ignitions from lightning strikes and arsonists in the coniferous and alpine
rainforests. Allowing structural degradation and fragmentation to intact rainforest blocks will reduce their ca-
pacity to buffer meso-climatic variability and resist fire events thereby undermining their ecosystem integrity.
Noting that Aichi Target 11 includes the requirement that reserves are effectively managed, our case study
highlights that assessing the effectiveness of a reserve system is not necessarily a straightforward matter as
governance systems and regulatory frameworks involve a mix of international obligations, national and sub-
national policies and statutes, along with other agreements, administrative arrangements and plans of man-
agement, which can provide for a range of land use activities and be subject to modification over time.

1. Introduction

For many decades, the clearing and degradation of tropical forests
has been a focus of international concern (Kim et al., 2015). Attracting
less interest has been the plight of the world's remaining temperate
rainforests despite temperate forest being the most cleared of all forest
biomes (Mackey et al., 2015). The world's remaining temperate and

boreal rainforests are restricted to 140,411,000 ha−1 in total area
(Fig. 1). Policy responses to tropical deforestation and degradation
often highlight the lack of well-defined and secure land tenure in de-
veloping countries as a major roadblock to forest protection (Nolte
et al., 2013; Nepstad et al., 2006; Suwarno et al., 2015; Reichl et al.,
2014). It could be assumed that the remnant temperate rainforest in
developed countries must therefore be secured from threatening
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processes including the impacts of mining and commercial logging as
these countries have well defined and legally enforced land tenure ar-
rangements along with established and well managed protected area
networks. However, this assumption warrants empirical verification
given that mining and commercial logging are pervasive in their geo-
graphic distribution and global reach (Reichl et al., 2014; FAO, 2015).
Furthermore, irrespective of land use, natural forests are subjected to
the increasing impacts of a rapidly changing climate and the flow-on
effects to processes with significant ecological implications, especially
altered fire regimes (Fox-Hughes et al., 2014).

The temperate rainforests of the Australian island State of Tasmania
(Fig. 2), have global conservation and natural heritage significance as
defined by the criteria used for assessing outstanding universal value
under the World Heritage Convention (UNESCO, 2016) as they re-
present, among other things, outstanding examples of (1) major stages
of Earth's biological and geological history, (2) ongoing- ecological and
biological processes in the evolution and development of ecosystems;
and (3) contain important and significant natural habitats for in-situ
conservation of biodiversity. Further details about the biodiversity,
natural heritage and conservation values of Tasmania's temperate
rainforests, including the forest occurring within the Tasmanian Wild-
erness World Heritage Area (TWWHA) are provided in Supplementary
Material (A). Note that the core area of the TWWHA was inscribed on
the World Heritage List in 1982 on the basis of all four natural criteria
and three cultural criteria. Documentation of the area's cultural heri-
tage values however remains inadequate and they are not considered
further here (WHC, 2015).

The conservation status of Tasmania's temperate rainforests - in
terms of the degree of protection an area is given from inappropriate
land use activities - depends on the governance arrangements provided
by a complex suite of regulatory mechanisms at international, national
and state levels. It is therefore important to understand precisely what
land uses are or are not permitted by these arrangements and on the
various land tenures encompassed under the broad banner of ‘reserves’.

In this paper we examine the conservations status of temperate
rainforest in Tasmania and the extent to which the protected area
network serves as a barrier to mining and commercial logging and
provides resilience to climate change impacts. Tasmania presents an
appropriate case study as Australia is an economically developed
country (ranked 12th by GDP; World Bank, 2016) with strong land
tenure arrangements, and a well-regarded national reserve system

managed according to IUCN protected area standards (Department of
Environment and Energy, 2016a). Here we assess from a global per-
spective the conservation significance of Tasmania's temperate rain-
forests, review their conservation land tenure and governance ar-
rangements, analyse their exposure to mining and commercial logging,
and evaluate some potential impacts of climate change.

2. Methods and materials

We first assessed at a national level the distribution of the world's
remaining temperate and boreal rainforests and identified the extent to
which they are conserved in a protected area. The source data for these
analyses were: (1) a global map of temperate and boreal rainforests
(DellaSala, 2011); (2) the global protected area database (IUCN and
UNEP-WCMC, 2016); and (3) a global data set of national borders
(Sandvik, 2016).

We identified the multi-level governance arrangements articulated
through legal instruments that influence the tenure and conservation
status of Tasmania's temperate rainforest. We then analysed the extent
to which Tasmania's temperate rainforest, including rare and threa-
tened communities, are conserved in a reserve (i.e. a protected area) as
defined by the Tasmanian Public Land Use Classification system. These
analyses used three publicly available government maintained datasets:
(1) Tasmanian Reserve Estate 2015 (DPIPWE (Department of Primary
Industries, Parks, Water and Environment), 2015) - a digital map of the
reserve system of Tasmania; (1) Tasveg 3.0 (DPIPWE (Department of
Primary Industries, Parks, Water and Environment), 2013) - a com-
prehensive digital map of Tasmanian Vegetation Communities; and (3)
Australian World Heritage Areas maintained by the Commonwealth of
Australia (Department of Environment and Energy, 2015). These GIS-
based spatial statistics and mapping were undertaken using ArcGIS
(ESRI, 2016). The spatial data were filtered to exclude ‘sliver polygons’
at or below 0.05 ha. These data were also used to identify the largest
remaining intact rainforest blocks.

Potential climate change impacts were examined using species dis-
tribution models (SDMs) for Nothofagus cunninghamii, the dominant
Tasmanian rainforest canopy species, along with consideration of a map
of the boundary of the major fire event of 2014–2015 (Bowman, 2016)
and published modelled fire risk projections. The SDMs were calculated
using the Biodiversity and Climate Change Virtual Laboratory (Hallgren
et al., 2016). Details of the data sources and statistical algorithms

Fig. 1. The geographic distribution of the world's remaining temperate and boreal rainforest (data sources: world merge, DellaSala, 2011).
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employed for the SDMs are provided in Supplementary Material (B).

2.1. Tasmanian reserve estate data

The authoritative source for reserve tenure data is the Tasmanian
Reserve Estate database maintained by the Tasmanian Government
(DPIPWE (Department of Primary Industries, Parks, Water and
Environment), 2015). Individual reserves are assigned an IUCN reserve

status where appropriate (Table 1) and there are 22 categories of re-
serves recognized (Table 2). The database also contains a field that
identifies if a reserve is available for mining under the state Mineral
Resources Development Act. In addition, we were able to determine
reserve categories available for logging by reviewing amendments to
the Nature Conservation Act (Government of Tasmania, 2014). How-
ever, the most recently updated version of the database available for
our analyses (i.e. 2015) did not appear to reflect these recent legislative

Fig. 2. The distribution of temperate rainforest in Tasmania. Also mapped is the location of temperate rainforest where the reserve category was changed by the 2013–2014 legislative
review to a category that permits logging or mining. Key: blue - rainforest in a reserve category that permits mining or logging according to State legislation but where these land uses are
prohibited by the Plan of Management for the Tasmanian Wilderness World Heritage Area; green - rainforest in a reserve category that prohibits logging or mining; hatched green -
rainforest in reserve category where mining or logging is permitted; pink is rainforest that is not reserved. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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changes (discussed further below). We removed records for categories
‘Informal Reserve on State Forest or Forestry Tas. managed land’ and
‘Future Potential Production Forest’ as the metadata for the spatial layer
indicated these as being problematic. These two classes were separately
analysed and the results added into the final statistics.

The boundary of the TWWHA was obtained and intersected with the
Tasmanian Reserve Estate 2015 data.

2.2. Temperate rainforest data

Spatial data on the distribution of Tasmania's rainforests were de-
rived from Tasveg 3.0 (DPIPWE (Department of Primary Industries,
Parks, Water and Environment), 2013), which employs the rainforest
typology of Kitchener and Harris (2013). This data set largely uses the
original forest mapping produced for the Regional Forest Agreement
(Department of Agriculture and Water Resources, 2016) but has sig-
nificantly expanded the number of classes. All Rainforest records were
selected from Tasveg 3.0 using the field VEG_GROUP with the value
‘Rainforest and related scrub’. There is a third possible outcome for
mining access identified in the data ‘Available under the MRDA but not
available under administrative arrangements’. Areas with IUCN pro-
tected area categories not consistent with their legal status as regional
reserves and conservation areas were selected and summarised. The
selected data (conservation tenure polygons and rainforest polygons)
were then spatially analysed using the ‘union’ function in ArcGIS.
Rainforest polygons with no assigned reserve tenure attribute were used
to determine the remaining area of unprotected rainforest.

3. Results

3.1. Global context

The country-level distribution of global temperate and boreal rain-
forest is detailed in Supplementary Material (C) Table 1. Unlike tropical
rainforest, only around 12% of temperate and boreal rainforest is found
in developing countries with the majority in the E.U., G20, or eco-
nomically developed countries such as New Zealand. Of the world's
140,410,200 ha−1 of temperate and boreal rainforest, around
19,000,000 ha−1 (14%) is in the southern hemisphere with
1,119,900 ha−1 being found in Australia and 325,900 ha−1 in Tas-
mania. Around 16% of global temperate and boreal rainforest is con-
served within a protected area. The percentage of national temperate
and boreal rainforest in protected areas varies at a national level
from< 1–70%, with Australia's percentage around 65%.

3.2. Tasmanian rainforest conservation tenure

Three levels of governance (international, national and state) as
well as joint national-state government agreements influence the tenure
and conservation status of Tasmania's temperate rainforest (Fig. 3).
These governance instruments confer different kinds of legal obliga-
tions, duties and responsibilities regarding forest conservation on gov-
ernments and their agencies, as well as private and customary land
owner, managers and stewards.

The Australian Government reports the conservation status of its
National Reserve System (NRS) using the IUCN protected area cate-
gories which classify protected areas according to their management
objectives and is the accepted global standard (Supplementary material
(C) Table 2) (Department of Environment and Energy, 2016b). Some
44.9% of Tasmania's land area (684,013,300 ha−1) is a protected area
recognized by the NRS, including the Tasmanian Wilderness World
Heritage Area (TWWHA) which covers 1,584,000 ha−1, with
1,341,336 ha−1 (20%) in IUCN category IB reserves and 846,393 ha−1

(12%) in category VI (Table 1).

Table 1
Terrestrial Protected Areas by IUCN Category in Tasmania (Source: Department of
Environment and Energy, 2014) (columns a–d). Also shown is the area of rainforest in
each of the IUCN protected area categories that was downgraded during the 2013–2014
legislative review to a reserve category that permits logging or mining (column e).

IUCN
protected
area
category

(a)
Number
of
reserves

(b)
Area (ha−1)

(c)
% of PA

(d)
% of TAS

(e)
Area (ha−1) of
rainforest in
downgraded
reserves

IA 75 122,014 4.05 1.78
IB 6 1,341,336 44.48 19.61 536
II 38 236,916 7.86 3.46 894
III 64 29,740 0.99 0.43 8945
IV 891 302,775 10.04 4.43 56,536
I–IV total 1,074 2,032,782 67.41 29.72
NA 3 355 0.01 0.01
V 220 136,177 4.52 1.99
VI 227 846,393 28.07 12.37
V–VI total 447 982,570 32.58 14.36
Total 1,524 3,015,707 100 44.1 66,912
Area of Tasmania 6,840,133

Table 2
The allocation of Tasmanian temperate rainforest to reserve classes and whether that class
permits (Y) or (prohibits (N) logging (a) or mining (b). Column (c) indicates the area of
forest in that tenure class and column (d) the percentage of the total area of Tasmanian
rainforest. ‘WHA’ indicates tenure class within the Tasmanian Wilderness World Heritage
Area.

Tenure classes (a) Logging (b) Mining (c) Ha−1 (d) %

Conservation Area Y Y 56,559
Conservation Area WHA N N 13,436
Conservation Covenant (NCA) N Y 1,064
Conservation Covenant (NCA)

WHA
N N 1

Future Potential Production Forest Y Y 66,727
Future Potential Production Forest

WHA
N N 1,656

Game Reserve N N 0
Historic Site N N 2,014
Informal Reserve on land managed

for forestry and other uses by
Tasmanian Government
agencies

N Y 17,485

Informal Reserve on other public
land

N Y 179

Indigenous Protected Area N N 0
Management Agreement N Y 50
National Park N N 311,227
Nature Recreation Area N Y 19,173
Nature Recreation Area WHA N N 2
Nature Reserve N N 147
Other Private Reserve N Y 6,168
Part 5 Agreement (Meander Dam

Offset)
N Y 0

Private Nature Reserve and
Conservation Covenant (NCA)

N N 41

Private land WHA N N 157
Private Sanctuary N N 0
Public authority land WHA N N 139
Regional Reserve Y Y 139,478
Regional Reserve WHA N N 5,867
State Reserve N N 3,190
Stewardship Agreement N Y 0
Wellington Park N N 0
All other categories of non-reserve

tenure on public and private
land

Y Y 71,013

Total rainforest all tenures 715,773
Rainforest in reserves 644,760 90
Rainforest in reserves secured from

mining and/or logging
335,863 47

Rainforest in reserves unsecured
from mining and/or mining

308,897 43

Rainforest found within WHA 325,920
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Australia's native forests have been subject to various assessments
aimed at resolving conflict between conservation and pro-logging ad-
vocates with the most significant being the Regional Forest Agreements
(RFA) between the Australian Government and the respective State
Governments. While all of Tasmania was treated as a single region by
the RFA processes, seven temperate rainforest communities were re-
cognized and mapped (Department of Agriculture and Water Resources,
2016; Department of Environment and Energy, 2011; Department of
Agriculture, 2013).

Tasmania has a complex Public Land Use Classification system that
was formerly adopted in parallel with the RFA, which recognizes three
broad types of reserves: (1) Formal Reserves; (2) Informal Reserves; and
(3) Values Managed by prescription. The term Formal Reserves is used
in Tasmania to describe the following reserve categories:

(a) Dedicated Reserves - national park; state reserve; game reserve;
nature reserve; historic site and forest reserves not subject to the
Mineral Resources Development Act 1995 (Tas); and

(b) Other Formal Reserves available for mining and mineral explora-
tion - forest reserves subject to the Mineral Resources Development
Act 1995 (Tas); conservation area; nature recreation area; managed
natural area/regional reserve; public reserve.

Informal Reserves are on land managed for forestry and other uses
by Tasmanian Government agencies including State Forest managed by
Forestry Tasmania, which is a Tasmanian Government Business
Enterprise responsible under State legislation for sustainably managing
approximately 800,000 ha−1 of public production forest (Forestry
Tasmania, 2016).

A further conservation governance overlay exists in the form of the

Management Plan for the TWWHA that has strict management re-
quirements to ensure the integrity of the outstanding universal value for
which the area is listed.

3.3. Amendments to state legislation

Since the RFA was signed there have been significant changes made
to the reserve classes in Tasmania. In particular, additional rainforest
reserves were declared in 2005 and amendments made to State legis-
lation during 2013–2014. Schedule 1 of the State Nature Conservation
Act (Government of Tasmania, 2014) was amended to redefine the
purpose of the two large reserve classes of ‘Conservation Areas’ and
‘Regional Reserves’. Conservation Areas were defined as having the
purpose of: ‘The protection and maintenance of the natural and cultural
values of the area of land and the sustainable use of the natural re-
sources of that area of land including special species timber harvesting’.
The purpose of Regional Reserves was defined as: ‘Mineral exploration
and the development of mineral deposits in the area of land, and the
controlled use of other natural resources of that area of land, including
special species timber harvesting, while protecting and maintaining the
natural and cultural values of that area of land’. Both revised definitions
therefore include mineral exploration, mining and commercial logging
as permissible land use activities. Furthermore, the reserve status of
certain rainforest areas was altered by changing their reserve category
to one that now permits mining or logging.

The data analysis revealed that Tasmania has 715,773 ha of tem-
perate rainforest which represents approximately 14% of the area of
native vegetation in Tasmania. Table 2 details the area of Tasmania
rainforest falling within each reserve class. We also indicate whether
each reserve class does allow (Y) or prohibits (N) logging or mining. A

Fig. 3. A flow diagram showing the principle regulatory instruments that influence the tenure and conservation status of Tasmania's temperate rainforests and the multiple levels of
governance involved.
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total area of 308,897 ha−1 (43%) of Tasmania's temperate rainforest is
in reserves but in categories that allow logging or mining, while there is
335,863 ha−1 (47%) of rainforest in reserve categories where mining
and commercial logging are prohibited.

Fig. 2 shows the location of those rainforests that had their level of
protection downgraded through the amendments to state legislation so
that logging or mining are now permitted. Table 1 details for each re-
serve category the area of rainforest that was transferred to a category
that permits logging or mining. Table 2 also details the distribution of
temperate rainforest across the different land tenures encompassed by
the TWWHA and whether the category of tenure does (Y) or does not
(N) permit logging or mining. Some 7% of rainforest within TWWHA is
on tenure that allows mining or logging.

Supplementary Material (C) Table 3 details the reserve category of
formally listed rare and threatened Tasmanian temperate rainforest
types. In summary, the results show that of the 54,453 ha−1 of rare and
threatened types, 41,177 ha−1 (76%) is in a reserve category that
provides protection from mining and logging while 13,207 ha−1 is in a
reserve category where logging and mining are permitted.

3.4. Species distribution models and projected fire danger index

The results for the SDMs, including model diagnostics and com-
parative model outputs, are provided in Supplementary Material (B).
The current and projected future potential climatic domain of N. cun-
ninghamii and a visual comparison with modelled current and future
Forest Fires Danger Index (FFDI) are shown in Supplementary Material
(B) Figs. 3 and 4. The current potential climatic domain of N. cun-
nighamii appears to be spatially correlated with relatively lower FFDI
values and does not seem to shift significantly under the climate change
projected for 2085. Furthermore, the projected FFDI, while pointing to
an overall increase in FFDI by 2080+, appears to remain within the
range and geographic area currently correlated with N. cunninghamii.

3.5. Intact rainforest blocks and major fire event

The GIS analysis identified the 13 largest intact rainforest blocks as
detailed in Table 3 and mapped in Fig. 4. Also shown in Fig. 4 is the
footprint of a major fire event in the summer of 2015–2016. Data and
methods are detailed in Supplementary material (D). The results sug-
gest that these large rainforest blocks were minimally impacted by the
fire event.

4. Discussion

4.1. Global context

The southern hemisphere temperate rainforests have an evolu-
tionary and biogeographic history that is different from northern tem-
perate and boreal rainforests. Among the southern elements, the unique
history of Tasmania's temperate rainforest has resulted in its biodi-
versity being characterised by shared Gondwanic affinities, speciation
from post-Gondwanic dispersal and a high level of endemism; see
Supplementary material (A). Thus, their conservation value is dis-
tinctive in relation to both their northern and southern affiliates.

In the face of catastrophic declines in large intact natural landscapes
(Watson et al., 2016), protected areas remain one of the most important
mechanisms for achieving enduring conservation outcomes
(Lopoukhine et al., 2012; Sloan and Sayer, 2015). The efficacy of pro-
tected areas has been enhanced through the widespread acceptance of
IUCN Protected Area categories and associated management guidelines.
IUCN policy promotes all categories of protected areas as ‘no-go’ areas
for environmentally damaging industrial activities and infrastructure
development (IUCN, 2016a), and World Heritage Convention policy
prohibits extractive industries within World Heritage properties (WHC,
2013) and specifically mining and commercial logging in the Tasma-
nian Wilderness World Heritage Area (WHC, 2015).

The IUCN management categories however, are only guidelines and
national and their subsidiary governments are under no legal obligation
to follow them. Thus, there is a loophole here that governments can
exploit by shifting the category of reserve or changing the definition a
reserve category, to, in effect, downgrade the level of protection
through either a liberal interpretation of category VI (which allows for
the “sustainable use of natural resources” where this is a “means to
achieve nature conservation”) or by simply ignoring the IUCN guide-
lines. All the RFA reserves excluded logging at the time of the agree-
ment while a number still allowed for mining exploration and mining.
Thus, the changes made by the Tasmanian Government to downgrade
the status of 66,912 ha−1 of rainforest (Table 1) were undertaken
unilaterally and independently of the RFA commitments. We could find
no documentation that provides a conservation justification for this
change.

5. World Heritage regulatory regime

In Australia, the management of World Heritage areas, other than
those which are on Commonwealth land, is largely consigned to the
State governments. The Tasmanian Wilderness World Heritage Area
Management Plan 2016 was made by the Tasmanian government pur-
suant to the National Parks and Reserves Management Act 2002 (Tas).
Although, confusingly, not all the land encompassed within the
Tasmanian Wilderness World Heritage area is subject to the
Management Plan due to a variety of land tenures, most of the area does
consist of reserved land under this Act and hence is subject to the Plan.
The Plan incorporates a Strategic Management Statement, which sets
out the intended management arrangements for these additional areas
of land not reserved under the Act. Importantly, the Statement is merely
a policy statement and not legally binding.

The Tasmanian Wilderness World Heritage area is managed pur-
suant to a partnership arrangement between the Tasmanian govern-
ment and the Commonwealth government (DPIPWE (Department of
Primary Industries, Parks, Water and Environment), 2016). The role of
the Commonwealth government in relation to the management of
World Heritage areas in Australia requires a little more elucidation. The
Commonwealth government has distinct responsibilities at the inter-
national level due to its ratification in August 1974 of the UNESCO
Convention for the Protection of the World Cultural and Natural Heri-
tage (‘World Heritage Convention’), under which it is obliged to protect
and conserve World Heritage areas for the benefit of both current and

Table 3
The name, I.D. for Map 3, and area of intact rainforest blocks. Eastern Tasmanian intact
rainforest blocks were identified using a smaller threshold as the rainforest here is re-
lictual.

Block name Map I.D. ha−1

Western Tasmania Intact Rainforest Blocks
King William Range 6 14,754
Sumac 2 15,005
Gordon River 5 16,683
Mt Cripps 4 17,182
Spero_Wanderer 7 24,460
Meredith 3 40,034
South Coast Rainforest 9 40,333
Olga River 8 44,020
Savage_Pieman 1 84,994

Eastern Tasmania Intact Rainforest Blocks
South Maurice 13 2,442
Rattler Range 12 3,122
Mt Maurice 11 3,393
Blue Tier 10 4,000

B. Mackey et al. Biological Conservation 215 (2017) 19–29

24



future generations. Australian State governments, which are not parties
to the Convention, do not have the same international obligations and
responsibilities and from time to time they have adopted a quite dif-
ferent approach to World Heritage areas. Yet the Commonwealth gov-
ernment has not consistently intervened when State governments have
instigated policies or made legislation or delegated legislation which
contributes to the degradation of World Heritage areas rather than to

their protection and conservation. It was not until 1983 that the
Commonwealth enacted the World Heritage (Western Tasmanian
Wilderness) Regulations under section 69 of the National Parks and
Wildlife Conservation Act 1975 (Cth) and the World Heritage Properties
Conservation Act 1983 (Cth). The World Heritage Properties Con-
servation Act did not provide for comprehensive protection of World
Heritage areas (Peel, 1998) and nor does the Environment Protection

Fig. 4. Location and area of Intact Rainforest Blocks. For key to block numbers see Table 3. Also mapped is the extent of the major fire event during the summer of 2015–16.
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and Biodiversity Conservation Act 1999 (Cth), which replaced it.
Under the current Act, World Heritage areas are listed as a matter of

national environmental significance and thereby activities which will or
are likely to have a significant impact on the World Heritage values of
declared World Heritage areas are controlled actions which must be
assessed and approved by the relevant Commonwealth Minister (sec-
tion 12 Environment Protection and Biodiversity Conservation Act
1999 (Cth)). Importantly, controlled actions can occur either within the
World Heritage area or outside the area (Booth v Bosworth (2001) 114
FCR 39; [2001] FCA 1453) and thus logging activities outside the Tas-
manian Wilderness World Heritage Area which have a significant im-
pact on the World Heritage values of the area, such as activities which
jeopardise the threatened species which make up part of the genetic
diversity of the area, would be controlled actions unless taking place in
accordance with the Tasmanian Regional Forest Agreement 1997
(section 38 Environment Protection and Biodiversity Conservation Act
1999 (Cth); Forestry Tasmania v Brown (2007) 167 FCR 34; [2007]
FCAFC 186). The assessment and approval requirements under the
Environment Protection and Biodiversity Conservation Act are also
triggered by the inclusion of the area on the National Heritage list
(section 15B Environment Protection and Biodiversity Conservation
Act).

Under section 137 of the Act, in deciding whether to approve a
controlled action, the Minister must not act inconsistently with
Australia's obligations under the World Heritage Convention or with the
Australian World Heritage management principles in Schedule 5 of the
Environment Protection and Biodiversity Conservation Regulations
2000 (Cth). The precise ambit of section 137 is unclear; raised as a
ground of argument in the recent challenge by the Australian
Conservation Foundation to the federal government's approval of the
Carmichael mine (Australian Conservation Foundation Incorporated v
Minister for the Environment (2016) FCA 1042), the judge held that the
Articles of the World Heritage Convention ‘give considerable latitude to
State Parties as to the precise actions they may take to implement their
“obligations”’ (paragraph 199) and that in this instance the statutory
prohibition had not been breached. This decision was upheld on appeal
(Australian Conservation Foundation Incorporated v Minister for the
Environment and Energy (2017) FCAFC 134). Moreover, the protective
impact of the statutory requirements is diluted by the amount of dis-
cretionary decision-making power vested in the Minister in relation to
whether a referred action requires approval under the Act and the level
of assessment required, and provision under Part 5 of the Act for the
delegation of these powers to the State governments through bilateral
agreements (section 29 Environment Protection and Biodiversity Con-
servation Act 1999 (Cth)). However, while assessment bilateral agree-
ments are in place, the delegation of approval powers to the State
governments has not yet occurred.

Significantly, the Commonwealth adopts a cooperative approach in
relation to management of World Heritage areas and there is no stat-
utory obligation on the part of the Commonwealth to ensure com-
pliance with the provisions of the World Heritage Convention in rela-
tion to management regimes. Instead, under section 321 of the
Environment Protection and Biodiversity Conservation Act, the
Commonwealth ‘must use its best endeavours to ensure a plan for
managing the property in a way that is not inconsistent with Australia's
obligations under the World Heritage Convention or the Australian
World Heritage management principles is prepared and implemented in
co-operation with the State or Territory.’ This section cannot be con-
sidered an expression of the Commonwealth government's undoubted
constitutional power1 to intervene through legislation in order to
overrule or invalidate State legislation, and hence management plans

made pursuant to State legislation, which are inconsistent with its ob-
ligations under the World Heritage Convention. Therefore, under the
current legislative regime, management plans created by State gov-
ernments can, once the Commonwealth government has used its ‘best
endeavours’, permit activities which significantly degrade World Heri-
tage areas. However, such activities would be subject to the assessment
and approval requirements under the Environment Protection and
Biodiversity Conservation Act already discussed.

The likelihood of management plans which jeopardise the World
Heritage values of World Heritage areas is reduced when there are joint
funding arrangements for management of the area in place (Australian
World Heritage Intergovernmental Agreement 2009, clause 3.6.4), as is
the case with the TWWHA. Furthermore, the States have agreed to
support the Commonwealth in meeting its obligations under the World
Heritage Convention and to ensure that appropriate legislation and
processes are in place in order to assist the Commonwealth in meeting
these obligations (Australian World Heritage Intergovernmental
Agreement 2009, clause 4.4(a)). They have also agreed to manage
World Heritage areas in accordance with the Australian World Heritage
Management principles (Australian World Heritage Intergovernmental
Agreement 2009, clause 4.4(a)). These principles include a requirement
for management of World Heritage areas such that ‘the integrity and
authenticity of the property at the time of inscription are maintained or
enhanced.’ (Australian World Heritage Intergovernmental Agreement
2009, clause 6.2).

The preferred co-operative approach of the Commonwealth to
World Heritage area management is apparent in the current Australian
World Heritage Intergovernmental Agreement, signed by the State and
Commonwealth governments in 2009. This agreement carries political
clout but is not directly enforceable. As set out in clause 3.5 of that
agreement, the Commonwealth's role in relation to management of
World Heritage areas is largely an advisory one. The agreement does
not require the States to provide the Commonwealth with a copy of a
draft management plan before it is made. In practice, Tasmania did
adopt this course of action in respect of the 2016 Management Plan.
Furthermore, there is no stated requirement or obligation for the
Commonwealth government to review or oversee draft management
plans for World Heritage areas. Instead, the Commonwealth is required
to ‘seek written assurance from the States that their World Heritage
property management systems and/or management plans, meet the
requirements under the Australian World Heritage Management
Principles’ (Australian World Heritage Intergovernmental Agreement
2009, clause 3.5(d)). It is debatable as to whether or not this agreed
course of action, of itself, complies with the statutory requirement
discussed above for the Commonwealth to ‘use its best endeavours’ to
ensure that management plans comply with these principles.

5.1. Comprehensiveness of rainforest conservation tenure

The Tasmanian RFA established a comprehensive, representative
and adequate reserve system to protect forest according to an explicit
set of conservation targets. The current international standard for
protected area coverage is the Aichi Biodiversity Target 11 (CBD
(Convention on Biodiversity), 2010): by 2020, at least 17% of terrestrial
areas, especially areas of particular importance for biodiversity and
ecosystem services, are conserved through protected areas. Of Aus-
tralia's 1,119,900 ha-1-1 of temperate rainforest, around 64% is in a
protected area (Supplementary Material (C) Table 1). The area of
rainforest in all tenures in Tasmania is 715,773 ha−1, the area of
Tasmania rainforest in reserves subject to a land tenure available for
logging or mining is 308,897 ha−1 while the area of Tasmanian
rainforest protected from logging and mining is 335,863 ha−1
(Table 2).

Thus, around 47% of Tasmania's extant temperate rainforest is
protected under the equivalent of IUCN Protected Area categories I-IV.
When the estimated loss of pre-European rainforest cover is taken into

1 Such Commonwealth legislation can be enacted pursuant to the external affairs head
of power, section 51(xxix) of the Australian Constitution. If the Commonwealth Act is
inconsistent with existing State legislation, the State legislation is invalid pursuant to
section 109 of the Australian Constitution.
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account (TPLUC (Tasmanian Public Land Use Commission), 1996), the
proportion protected is reduced to around 42%. This exceeds the Aichi
Target 11 minimum of 17% but is below the 50% target recommended
by conservation science (Noss et al., 2011) and the 60% Regional Forest
Agreement target for old growth (JANIS, 1997). The question arises
therefore as to where 42% is sufficient or if the case can be made for a
higher level of protection?

5.2. Ecosystem integrity, climate change and land use

Tasmania's temperate rainforests have globally unique character-
istics with a high level of endemism, encompassing a diversity of
rainforest communities and occupying a geographically restricted cli-
matic domain. Their restricted potential climatic domain is projected to
persist this century in response to climate change (Supplementary
material (B) Fig. 4) and their ecosystem integrity should also persist in
the absence of land use activities that cause structural degradation and
fragmentation. Of particular importance are the 13 remaining Intact
Rainforest Blocks that were not significantly impacted by the major fire
event of the summer of 2015–2016 (Fig. 4).

Various land use activities and infrastructure developments, in-
cluding logging and roads, impact on forest canopies altering micro-
climate conditions. These impacts reduce the capacity of a forest eco-
system to resist fire events and buffer the impacts of temperature
extremes and drought. Human disturbed forest canopies have higher
daytime shortwave radiation, temperature, and wind speed, and their
capacity to buffer and stabilise microclimatic is further reduced by edge
effects in disturbed and fragments forests that can extend over 400 m in
temperate forests (Chen et al., 1999). Field increases in air and soil
temperatures created by forest clearing are comparable to end-of-cen-
tury climate change projections: canopy clearing and degradation has
been shown to increase surface radiation by a factor of five and vapour
pressure deficit by around two (de Freitas and Enright, 1995).

Undisturbed rainforest is normally highly resistant to fire because of
low fuel loads, low energy content and high humidity even during
drought (Siegert et al., 2001; Wood et al., 2014). They are also char-
acterised by understory and ground cover plant species such as tree
ferns and moss that are characteristic of wet forests and which further
limit light penetration, increase water retention and strengthen fire
resistance (Taylor et al., 2014, Ough, 2001; Lindenmayer et al., 2009;
Lindenmayer et al., 2000). Ongoing and intensive logging, interacting
with climatic factors, can lead to landscape traps and stabilised de-
graded forest states (Lindenmayer et al., 2011). Studies in both tropical
(Siegert et al., 2001; Holdsworth and Uhl, 1997; Cochrane et al., 1999)
and temperate forests (Taylor et al., 2014; Price and Bradstock, 2012;
Thompson et al., 2007) provide evidence that unlogged and old growth
forests are more resistant to fire events than logged, fragmented and
degraded forests.

An intact rainforest landscape is essential for maintenance of the
forest climate itself: intact rainforest blocks to a significant degree
create and maintain the habitat for their forest-dependent biota (Shukla
et al., 1990; Baker, 1992). The stability of rainforest to resist fire and
buffer weather extremes is a function of size with larger blocks con-
taining more forest interior microclimate and greater resilience and
buffering capacity. It follows that the size of protected areas should be
sufficient to maintain the processes that generate and sustain the
rainforest interior's microclimate, its self-regenerating properties and to
absorb the impacts of natural disturbances.

An additional reason to protect all extant Tasmanian temperate
rainforest is the climate change mitigation benefits from securing their
ecosystem carbon stocks. The total biomass carbon stock of Tasmania's
temperate rainforest is around 211,153,035 t C; based on the total area
of Tasmanian rainforests (Table 2) and an indicative density of
295 t C ha−1 from May et al. (2012). This estimate is simply indicative
as it assumes, inter alia, that all the rainforest has the same mean
carbon density. The CO2 emissions from their hypothetical complete

deforestation would be equivalent to ~1.4 years of Australia's annual
CO2-e emissions (Australian Government, 2016), illustrating the po-
tential mitigation value from avoiding emissions through temperate
rainforest protection.

5.3. Ecosystem dynamics

A further consideration is the ecosystem dynamics between
Tasmania's temperate rainforests and other vegetation types. These
rainforests occur in a landscape mosaic that can comprise moorland,
sclerophyll scrub, wet sclerophyll eucalypt forest, and mixed forest
(Wood et al., 2010). Mixed forest are rainforest with a eucalypt
overstory or rainforest with giant eucalypt emergents. There is ongoing
scientific debate as to whether mixed forests should be classified as
rainforests, communities transitional to rainforest or as a separate ve-
getation community (Tng et al., 2012). Two contrasting theories have
been invoked to address this question (Williams, 2012). First, the relay
floristic relay theory predicts that the forest will progress over time -
largely as a function of time since fire - from wet sclerophyll forest, to
mixed forests, and then rainforest, (Kirkpatrick and DellaSala, 2011).
However, this sequence would take a long time given that in mixed
forests, eucalyptus emergents can grow to over 100 m in height and live
to at least 500 years of age, and the dominant rainforest species have
been recorded as spanning 750–2000 years of age (Wood et al., 2010;
Read and Hill, 1988). The other theory invokes ‘alternative stable
states’ where due to ecological feedbacks, an ecosystem displays resi-
lience to external perturbations such as fire and therefore tends to re-
main in one of the set of possible states (Wood and Bowman, 2012;
Williams, 2012).

The management implications are similar for both theories: the
conservation of Tasmanian temperate rainforest should be considered
in the context of the broader landscape and vegetation mosaic within
which they occur. The appropriate context therefore when considering
the future management of the Savage Pieman Intact Rainforest Block
(~85,000 ha−1) (Table 3, Fig. 4) and whether or not it should be made
a protected area, is the larger landscape mosaic known as the Tarkine
(Kirkpatrick and DellaSala, 2011).

Given projected climate change, our analyses suggest that the large
temperature rainforest blocks may be relatively stable and thus function
as refugia (Keppel et al., 2011). While extensive areas of mixed forest
and wet sclerophyll forest are also relatively fire resistant (Taylor et al.,
2014), the ecosystem dynamics of these landscape mosaics could be
altered under future climatic conditions in ways that impact on the
perimeters of rainforest blocks. A re-framing of heritage values and
amendments to the Management Plan might become necessary to take
such impacts into account if they eventuate (Wardell-Johnson et al.,
2015).

6. Conclusions

Conservation planning should focus be on what is needed to pro-
mote ecosystem integrity and reduce the risk of species loss in the face
of climate change impacts, including altered fire regimes, and in-
creasing land use pressure. The 2015–2016 fires primarily impacted the
coniferous and alpine rainforests types, leaving relatively untouched
the large intact rainforest blocks of Nothofagus ecosystems. The main
conservation challenges, therefore, are in both maintaining the in-
tegrity of these intact rainforest blocks and better managing ignitions
from lightning strikes and arsonists in the coniferous and alpine rain-
forests.

The consequences of allowing ongoing degradation and fragmen-
tation to intact rainforest blocks are clear: their capacity to buffer meso-
climatic variability and resist fire events is reduced and their ecosystem
integrity is undermined leading to loss of an otherwise stable system
state. Considering also their established biodiversity, natural heritage
and mitigation values, a defensible case in conservation science can be
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made for including all currently unreserved intact rainforest blocks in a
protected area equivalent to IUCN categories I-IV.

Tasmania's temperate rainforests are protected through an array of
overlapping conservation overlays and regulatory arrangements. The
plethora of statutory reserve categories in Tasmania hides a range of
permissible land uses and their definitions are subject to legislative
revisions. Not all reserve categories are equal as some afford more
protection than others. Of particular significance is the TWWHA
Management Plan which provides a high level of protection for the
temperate rainforest found within its boundary, including the forest on
State-defined land tenure that allows for logging or mining. The
TWWHA Management Plan does not allow mining or logging anywhere
within the World Heritage Area, a position reinforced by a report pre-
pared for the World Heritage Committee by ICOMOS and IUCN (2015).

The Australian Government's commitments under the World
Heritage Convention provide a conservation management overlay that
ensures the highest level of protection. In Tasmania, only World
Heritage listing appears to confer the level of security of tenure capable
of maintaining the remaining intact forest blocks into the future. While
protected areas in developing countries such as China face significant
human population pressures (Xu et al., 2016), the demand in developed
countries for access to land and resources means that the conservation
status of reserves cannot be taken for granted in any country, whether
rich or poor.

Appendix A. Supplementary material A-D

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.biocon.2017.08.032.
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