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Abstract

Conservation efforts, such as geoconservation, involve some degree of subjectivity, compro-
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Therefore, the subjectivity framework recommends measures to mitigate this subjectivity, by
enhanced interdisciplinary engagement of expert stakeholders using objective hierarchical meth-
ods, combined with remote sensing or GIS statistical validation. Overall, the study demonstrates
the usefulness of the subjectivity evaluation approach to identify parameters hindering geocon-
servation outcomes. The novel subjectivity approach has global implications, in improving sub-
jectivity management in geoconservation assessment and allowing better alignment of compari-

sons between practitioners and sites.
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Introduction is defined as including geomorphological (land-

. forms, topography, physical processes), geolog-

Overview . . . . .
ical (rocks, minerals, fossils), pedological (soil)

The non-living framework that supports life on
Earth — geodiversity — is under increasing threat
from degrading human influence (Orsi 2014;
Hjort et al. 2015; Bétard and Peulvast 2019;
Garcia 2019; Crisp et al. 2022a). Geodiversity

and hydrological features (Gray 3). Measuring the
significance (Barancokova et al. 2023), distribu-
tion (Ozsahin 2017; Manosso et al. 2021), or more
commonly the richness of geodiversity (Hjort et
al. 2022; Crisp et al. 2022a; Crisp et al. 2022b)
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through its evaluation or assessment can benefit
conservation decisions and outcomes (Anderson
etal.2015; Comer et al. 2015; Lawler et al. 2015).
In the first stages of a geodiversity assessment, a
number of methods are used to source geodiver-
sity data, such as geological maps (Zakharovskyi
and Németh 2021; Elkaichi et al. 2021; Scam-
macca et al. 2022), remote sensing information
(StepiSnik and Trenchovska 2018; Zakharovskyi
and Németh 2021; Rong ef al. 2023), or field sur-
veys (Stepi$nik and Trenchovska 2018; Bajala et
al. 2022; Crisp et al. 2022a; Crisp et al. 2022b),
and in subsequent stages, qualitative, quantitative,
or qualitative-quantitative methods are used to
evaluate the data sourced (Forte et al. 2018).

Qualitative methods include grading scales of val-
ues and benefits (Gray 2008; Ellis 2011; Ahmadi
et al. 2022). Quantitative methods use algorithms
and parameters to determine a georichness value,
which refers to the quantity or sum of geodiver-
sity elements in a study area (Stojilkovi¢ 2022;
Tukiainen et al. 2022) or can be referred to as the
abiotic equivalent of species richness used in bio-
diversity assessments (Bétard and Peulvast 2019).
For example, Zakharovskyi et al. (2023) adopted
a qualitative-quantitative geodiversity assessment
approach based on an arithmetic average equation
attributed to abiotic values to facilitate enhanced
geosite determination, while Pereira ef al. (2013)
adopted a GIS grid-based approach to quantify
geodiversity on a set of geological maps.

Geoconservation is the action of conserving geo-
diversity for its intrinsic, ecological, and geo-
heritage value (Sharples 2002; Prosser 2013). A
geoconservation strategy is the process used to
achieve geoconservation outcomes, such as inven-
torying, evaluation, conservation, interpretation,
and promotion (Brilha 2016). There are concep-
tual and methodological challenges constraining
geoconservation outcomes, such as the prevalent

state of methodological development in the rela-
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tively recent geodiversity concept (Serrano and
Ruiz-Flafio 2007; Soms 2017; Crisp et al. 2021;
Nemeth et al. 2021), the exclusivity of geodiver-
sity assessment from geoconservation strategies
(Brilha 2016; Crisp et al. 2022b), funding con-
straints, and the lack of substantive information
and conflicting priorities (Chakraborty and Moku-
dai 2018).

Geoconservation is still a recent concept, with the
term ‘geoheritage’ initially mentioned at the First
International Symposium on the Conservation of
our Geological Heritage in 1991 (Németh et al.
2021), and geodiveristy studies emerged earlier
in the late 1970s and 1980s (Ibanez et al. 2019).
However, studies in biodiversity have a longer
history spanning from as early as the 1700s and
1800s; hence, biodiversity and biological con-
servation are supported by centuries of method-
ological development by comparison (Ibafez et
al. 2019). Therefore, progress is still needed in
geoconservation and geodiversity to improve
standardization in terminologies and processes
to avoid misuse and unconventional application
of defining concepts, such as the inclusion of ir-
relevant sites and the exclusion of important geo-
sites (Brilha 2016). However, standardization of
concepts and processes in geoconservation is not
progressing ideally, especially as geoheritage still
tends to favor Western values (Brilha 2016). This
warrants further consideration to establish consis-
tent terminologies and processes in geoconserva-
tion. For example, a novel subjectivity evaluation
and management approach could help mitigate
this Western bias in geoheritage by encouraging
more diverse cultural perspectives in the assess-

ment of geosites.

Subjectivity in Geoconservation Strategies and
Geodiversity Assessment

Subjectivity in methods can present challenges
to geoconservation outcomes (White and Wake-
lin-King 2014; Brilha 2016; Mici¢ Ponjiger et
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al. 2021; Crisp et al. 2022a). Some criteria and
methods are inherently subjective (Brilha 2016),
requiring allocation of values to criteria based
on evaluator input (Pereira et al. 2007; Dede and
Zorlu 2023). This study refers to the ‘degree’ of
subjectivity as intrinsic subjectivity need not indi-
cate weak methodological approaches, inferences
or conservation outcomes. For example, in the
case of geodiversity assessments which are quan-
titative and objective (Crisp et al. 2021), some
still exhibit intrinsic subjectivities (Ahmadi et al.
2022), such as the need for judgment of geologi-
cal, geomorphological, or soil maps often require,
with different levels of expertise and experience
probably resulting in different interpretation out-
comes. In other conservation efforts, the subjec-
tive experiences, well-being, and perspectives
of individuals and communities are evaluated to
assess the social or cultural impact of protected
areas such as marine reserves (Bryce et al. 2016)
or are used to shape the success of conservation
outcomes, with subjective involvement in conser-
vation efforts potentially shaping positive behav-
iors and stewardship in individuals and commu-
nities (Chmara-Huff 2014; Bennett 2016; Swaim
et al. 2016). However, it is generally accepted
that methods involving subjectivity, such as those
based primarily on personal opinions — satisfac-
tion, feelings, and individual preferences — can
hinder conservation outcomes (Burgman 2001;
Margoluis et al. 2009; Cook et al. 2010; Cook and
Hockings 2011; Carranza et al. 2014; Datta and
Sarkar 2019; Datta 2020). For example, ambigu-
ous criteria, varying personal values, and poorly
defined criteria and methods can lead to the ex-
clusion of important geosites in geoconservation
planning and management (Brilha 2016; Mucivu-
na et al. 2019).

Subjectivity in geoconservation assessment can
depend on the experience and knowledge of the
evaluator (Reynard et al. 2016; Zwolinski et al.
2018), the relevance of their training and expe-
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rience (Andrade et al. 2014; Elliott et al. 2018),
transparency of criteria and methods (Mucivuna
et al. 2019), objectivity of methods used with in-
direct spatial or statistical techniques commonly
used to remove subjective evaluator input (Crisp
et al. 2021), or limited human resources and train-
ing (Williams et al. 2020), such as the absence of
scholarly literature to support objective decision
making in conservation decisions. Other intrinsic
factors also influence subjectivity (Brilha 2016),
such as:

* Values and beliefs shape perceptions and inter-
pretations of criteria and methods (Pereira et al.
2007; Brilha 2016; Dede and Zorlu 2023). For ex-
ample, an expert evaluator who values the aesthet-
ic potential of an area may prioritize preserving
geodiversity for its scenic beauty, while another
who values its scientific value may promote its

preservation for exploration by other scientists.

¢ Cultural values can also influence attitudes and
opinions around geoconservation protection (Rey-
nard and Giusti 2018). For example, more direct
types of cultural significance, such as caves pre-
serving paintings and inscriptions, could be priori-
tized for conservation over less tangible aspects of
cultural history, such as the spiritual significance
of an area (Crofts and Gordon 2015; Gray 2019).

* Economic and political considerations can also
influence geoconservation outcomes (Crisp et al.
2021). For example, the priorities of a government
could promote the economic value of a prospec-

tive geosite over its geoconservation values.

Therefore, there is an opportunity to evaluate and
report on the degree of subjectivity in future geo-
conservation. For example, qualitative methods
depend mainly on the evaluators who use subjec-
tive decisions to select a score for each criterion
in a geosite assessment (Ahmadi et al. 2022).
Assessing geomorphological sites using subjec-
tive geoheritage criteria (Pralong 2005; White
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and Wakelin-King 2014) depends largely on the
evaluator and their expertise and resources. Some
scholars acknowledge the degree of subjectivity in
their assessments, such as Ahmadi et al. (2022),
who state that the qualitative-quantitative method
of questionnaires and analysis of geomorphologic
and tectonic structures data had overall low sub-

jectivity.

Techniques have been developed to alleviate
subjectivity in geodiversity and geoconservation
studies (Bruschi er al. 2011; White and Wake-
lin-King 2014; Ferrando et al. 2021). For exam-
ple, Ferrando et al. (2021) included the analytical
hierarchy process and input from 12 experts to
assign weightings to parameters used to calculate
a geodiversity index, which eliminated subjective
personal opinions (Datta and Sarkar 2019; Datta
2020). Stepisnik and Trenchovska (2018) used
morphographic mapping and a variety of spatial
analyses to evaluate geodiversity, which were
combined using an automated modeling approach
to reduce subjectivity.

Therefore, evaluating and reporting on the degree
of subjectivity could help facilitate the identifica-
tion shortfalls in methods and opportunities for
improvement, and therefore help shape geoconser-
vation management priorities and outcomes. For
example, the experience and level of knowledge
of authors can be linked to the misuse of concepts
and methods (Brilha 2016), and indicating this in
a subjectivity evaluation and reporting process
could help to identify the need to further validate
the application of criteria or value assessments by
other experts (Reynard et al. 2016; Zwolinski et
al. 2018). For example, expert geomorphologists
assessing the cultural or geotourism value of a
geoconservation site might overlook key insights
informing relevant criteria determinations, and in a
worst-case scenario result in the misuse of criteria
and exclusion of important geosites from global
databases (Brilha 2016), and conversely, the same
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would be true if experts in geotourism or cultur-
al assessments assess the core scientific values,
such as geodiversity, underpinning geoconserva-
tion sites. Therefore, evaluating and reporting on
varying factors contributing to subjectivities in
geoconservation could lead to more informed de-
cision-making and enhanced protection of critical

geosites.
Objectives

Here, we develop and explore a novel technique
for determining the degree of subjectivity in con-
servation efforts, with a focus on geoconservation,
through development of a subjectivity evaluation
tool and a subjectivity management framework.
The ‘subjectivity evaluation tool’ was supplement-
ed with a previously developed ‘geoconservation
toolkit’ (Crisp et al. 2022a; henceforth referred to
as ‘the tool’) to demonstrate the tool's potential to
supplement current strategies and enhance conser-

vation management priorities and outcomes.
Materials and Methods
Study Sites

Mountain environments are usually high in geodi-
versity and species richness (Antonelli ef al. 2018;
Gordon 2018; Flantua et al. 2020; Wang and Dai
2020; Chakraborty 2021). Therefore, many re-
searchers have endeavored to study and conserve
mountain environments through assessment of
their geoheritage and geodiversity value (Wil-
liams and McHenry 2021; Ahmadi et al. 2022;
Somma 2022; Bollati ez al. 2023). The Dial Range
Residual Ridges geoconservation site (DRRR)
near Penguin, Tasmania (Fig. 1) has high scien-
tific, aesthetic and conservation value. In 1996,
the DRRR was granted geoconservation status
by Tasmanian geologist Chris Sharples (Sharples
1996), but no further studies have been conducted
since to assess its status (NRE 2021). DRRR com-
prises several mountain peaks, with Mt Duncan
(680 m, 419140E, 5439189N), Mt Dial (480 m,
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A

Figure 1. A) Current Dial Range Residual Ridges

geoconservation boundary (Data source: (NRE 2021).
B) Distribution of geological units across the Dial Range
Residual Ridges geoconservation site (Data source: Mineral

Resources Tasmania 2014).

419663E, 5442252N), and Mount Gnomon (490
m, 418926E, 5441386N) the focus of this study
(Fig. 1A). Geological data from Mineral Resource
Tasmania (2014) shows a range of diverse geolog-
ical elements (Fig. 1B; Table S3). Given the im-
portance of mountain environments and the need
for their conservation, the DRRR site with its po-
tential high scientific, aesthetic, and conservation
value (Sharples 2002), diverse geological features
(Fig. 1B; Table S3), and lack of recent assessments
(Sharples 1996; NRE 2021), provides an ideal lo-
cation to explore and implement the novel subjec-
tivity evaluation tool developed in this study.
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Subjectivity Evaluation Tool

The null hypothesis posits that subjectivity can-
not be effectively evaluated in geoconservation
efforts. To test the null hypothesis, a novel subjec-
tivity evaluation tool was developed (Figs. 2, 3, 4)
with seven criteria (C1 to C7) to evaluate the sub-
jectivity of the geoconservation toolkit approach
(Fig. 2; Table S1):

* C1: Evaluated using study site relevant keyword
searches in Google Scholar, such as Dial Range,
Mount Dial, Mount Gnomon, and Mount Duncan.

* C2: The type and context of citations were con-
sidered. For example, statements in articles or
writing with minimal evidence from the literature
were assigned a higher overall subjectivity.

¢ C3: An ORCID search was undertaken, and if
unavailable, a background search was complet-
ed using the affiliated institutional profiles of
scholars. ORCID provides a unique identifier
for researchers, ensuring that published works
are consistently attributed to the right individual.
Therefore, ORCID was used for its standardized
approach to verify researcher credentials, publica-
tion histories, and experience.

* C4: Information captured from the evaluation of
C3, and a count of contributing authors, was used
to inform C4.

* C5: The methodological approach was scruti-
nized for overall subjectivities, with high sub-
jectivity applied when personal judgement or in-
terpretation was required to determine a ranking

assessment.

» C6: Evaluated by considering whether compo-
nents of the methodological approach alleviat-
ed some subjectivity, such as the replacement of
personal judgment with GIS, statistical, or other
approaches.

* C7: In this study, the nature of inferences was

2588-7343[https://dx.doi.org/1057647/j.gcr.2024.0701.01]



6 Geoconserv. Res. 7(1)

Crisp etal. (2024)

Implement subjectivity evaluation tool

B

Evaluation criteria (ranked from 0 to 5)

C1 Availability of resources (literature/reports) from database search
C2 Relevance of available literature to geoconservation values of the site
C3 Expertise and experience of scholars

C4 Measure of interdisciplinary engagement (author count)

C5 Subjectivity or objectivity of methods used

C6 Evidence of attempts made to remove subjectivity from assessments
C7 Nature of inferences from subjective assessments

P

Low
subjectivity

Moderate
subjectivity

14

21

———

28 ‘

Figure 2. Subjectivity evaluation tool process using evaluation criteria (C1 to C7) for determining degrees of subjectivity in

geoconservation strategies or geodiversity assessments.

explanatory and mostly qualitative; hence, higher
overall subjectivity was attributed to this criterion.

Subjectivity Evaluation Amalgamation with
Geoconservation Toolkit Approach

The tool was amalgamated as an additional step
in the Crisp et al. (2022a) geoconservation toolkit
approach (Fig 3; Fig S1), which used three Arc-
GIS mobile applications — QuickCapture, Sur-
vey123, and Explorer — to consolidate the Serrano
and Ruiz-Flafio (2007) geodiversity assessment
index and the Brilha (2016) interpretation of a
geoconservation strategy to streamline the assess-
ment of geodiversity and geoconservation values.
In the geoconservation toolkit approach, ArcGIS
Survey123 was used to facilitate both the geoher-
itage and geodiversity assessments. QuickCapture
provided a streamlined interface to capture geodi-
versity information and locations, while Explorer

facilitated field access to pre-established maps and
other spatial data.

In this study, the tool replaced the functions of
QuickCapture and Explorer with ArcGIS Field-
Maps. FieldMaps allowed both viewing and vali-
dation of existing geoconservation site boundaries
and the acquisition of location data for individual
geodiversity components (Fig 4). Like the geo-
conservation toolkit, in this study Survey123 was
also used for the geodiversity assessment, geocon-
servation strategy, and now the subjectivity evalu-
ation step (Fig 3; Fig S1).

Implementation of the Amended Geoconserva-
tion Toolkit Approach

Available sources of information, such as the Tas-
manian Geoconservation Database (https://nre.
tas.gov.au/conservation/geoconservation/tasma-

nian-geoconservation-database#AccessingtheDa-
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tabase), were explored for relevant information
before implementation of the tool (Brilha 2016).
A Samsung Galaxy A12 device was used to im-
plement the tool (Fig. 3) given its affordable $150

Geoconserv. Res. 7(1) 7

— $250AUD price range, extended 5000mAh
battery life, acceptable camera quality of 48MP,
Octa-core CPU and 4GB RAM to sufficiently op-

erate the ArcGIS mobile applications. Future re-

v Subjectivity evaluation tool criteria

C1 - Availability of resources (literature/
reports/data) from database search

1 = Extensive resources available specific to geosite(s) in
question. For example, multiple relevant articles, multiple
government reports, and extensive geological data available
(e.g., geological maps or inventories of geoconservation
value); 2 = Resources available specific to geosite(s) in
question. Some relevant literature, including reports, and
WIS available geological data; 3 = Fewer available resources. No
e ‘recent’ scholarly literature from last 10 years, some
government reports, and geological data still available; 4 =
Lol Very limited resources with at least one of the following
examples: Older scholarly literature up to 20 or more years
old, an older government report, or some geological data
(e.g., older geological map not regularly updated); 5 = No
relevant resources available to support geosite study.

3

C2 - Substantiation of inferences from citation
of relevant literature

1 = Extensive list (5 - 10 or more) of relevant scholarly
literature specific to the geosite values in question. For
example, extensive geodiversity and geolosica% literature

®

Figure 3. The subjectivity evaluation tool as it appeared using the ArcGIS Survey123 digital application.

search could benefit from using tablets, such as
the Samsung Galaxy Tab series, given their larger
screen size for data entry, improved camera quali-
ty, and advanced CPU/GPU performance to pow-
er applications more efficiently. Details on steps
preceding subjectivity evaluation in the tool (Figs
2, 3) are provided by Crisp et al. (2022a). The cri-
teria for subjectivity analysis were evaluated at the
geoconservation site (Fig. 2); the required detail to
rank the criteria effectively (Table S1) was provid-
ed in-field by the Survey123 application (Fig. 3).

The digital version of the Mineral Resources Tas-
mania (2014) geological map was imported into
FieldMaps to help inform attribute population
during the in-field spatial acquisition of geodi-
versity data (Fig. S1). Geodiversity data were

captured opportunistically using a randomized
observation-based approach previously adopted
by Crisp et al. (2022a,b), where the sites were
explored on foot while simultaneously gathering
geological information in the absence of estab-
lished transects or quadrats. Any incorrect or un-
verified attributes captured in the field were sub-
sequently amended during analysis (Fig. 4B, C).
To assess geoconservation values at DRRR, the
geoheritage assessment criteria were ranked from
1 to 5 using the conditions outlined in Table S4.

Subjectivity Management Framework

A subjectivity management framework was de-
veloped to provide informed and specific subjec-
tivity mitigation actions for subsequent research

2588-7343[https://dx.doi.org/1057647/j.gcr.2024.0701.01]
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Tertiary basalt cliff landform

Geodiversity Type ID
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Geodiversity Geomorphol...
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41.168063°S 146.348447°E .
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Figure 4. Field Maps used for viewing and validation of existing geoconservation site boundaries and the acquisition of
location data for individual geodiversity components A) Geoconservation site boundary as it appeared in the field using ArcGIS
FieldMaps B) Screen for capturing geodiversity location and attributes. C) Screen for viewing and editing existing points and
attributes.

SUBJECTIVE METHODOLOGICAL PROCESS VERY LOW/LOW SUBJECTIVITY
(C5 and C6 > 3) No further action required
Use GIS, remote sensing, or statistical to minimise subjectivity.

validation techniques to limit needs for
judgement in conservation ranking and
assessment

VERY HIGH SUBJECTIVITY (three or more criteria,C1 to C7, are 2 3)
Engage interdisciplinary expert input from geomorphology, soil

in ranking and assessment using statistical validation, remote
sensing or GIS techniques.

LIMITED RESOURCING/LITERATURE
(c1+cC223)

If resourcing and background are limited,
engage interdisciplinary literature authors

Conclusions substantiated with scholarly,
literature and existing information C

resources. Subsequent use of objective from all relevant disciplines (C3 =1 or 2) to
method engaging multiple authors (C3 = complete conservation assessment, including
1 or 2), such as AHP. some objectivity in methods used (C5 < 3).

Figure 5. Categorization of management priorities and outcomes for varying degrees of subjectivity based on elevated
subjectivity evaluation criteria. Grade E results from three or more subjectivity evaluation criteria exceeding or equal to a
ranking value of 3; Grade D results from instances in conservation endeavors with limited relevant resourcing and literature;
Grade C results from conservation endeavors with meager interdisciplinary engagement or expertise; Grade B results from
conservation endeavors supported by only subjective methodological processes; Grade A results from circumstances were all
subjectivity evaluation criteria are below or equal to 2 (Flow chart structure inspired by © Template Lab design).
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(Fig. 5). The grades in the subjectivity framework
were developed from the overarching themes ob-
served in the subjectivity evaluation criteria (Fig.
2; Table S1), including subjective methodological
processes (C5 and C6 > 3), limited interdisciplin-
ary engagement (C3 and C4 > 3), limited resourc-
es or literature (C1 and C2 > 3), or multiple higher
subjective factors with three or more high-ranking
criteria (C1 to C7 > 3). Mitigation actions for each
grade were then proposed. For example, Grade A
indicates scenarios with low to very low subjec-
tivity based on all parameters (C1 to C7 in Table
S1), with no further management actions suggest-
ed. Conversely, Grade E indicates management

actions for scenarios with several high-ranking

Geoconserv. Res. 7(1) 9

subjectivity parameters (C1 to C7 > 3), including
enhanced interdisciplinary engagement or adop-
tion of more objective approaches such as spatial
analytical techniques (Crisp et al. 2021) or the an-
alytical hierarchy process (Ferrando et al. 2021).

Results
Subjectivity Evaluation Tool Outcomes

The subjectivity evaluation tool implemented
at the DRRR sites resulted in highly subjective
outcomes for geodiversity and geoconservation
assessments (Fig. 6; Table S2). There were vary-
ing degrees of subjectivity for each criterion, but
there was no very low subjectivity or very high

Moderate subjectivity: no geoconservation or geodiversity specific literature found in Google
Scholar; some relevant information found online such as Natural Values Atlas or hiking websites;
frequently updated geological maps of area were available online

High subjectivity: no geoconservation/geodiversity literature relevant to the geoconservation site
values. Natural Values Atlas and a 1996 report was available; therefore, only subjective
inferences regarding geoconservation value and geodiversity were made.

Low subjectivity: contributing scholars hold a PhD in physical geography and have a
demonstrated publication history in geomorphology, geoconservation, and geodiversity
assessment; more experience in geology would have been beneficial.

High subjectivity: two contributing authors with varying degrees of expertise and experience;
associate professor in physical geography and geomorphology and recent PhD graduate in
geodiversity assessment and geoconservation studies.

High subjectivity: guantitative method with some objectivity used to assess geodiversity, but some
subjective interpretation was required to calculate georichness, and subjective judgement of
criteriausing a ranking assessment approach in geoconservation strategy component.

High subjectivity: There were no direct attempts made to remove subjectivity, but the geodiversity
assessment component had objective aspects involving GIS, while georichness count for
geodiversity assessment and the geoconservation strategy were still subjective.

BB 0 BE0 DEL

High subjectivity: Data acquired with limited substantiative evidence due to absence of relevant
literature and subjective methodological approach. Recommended subsequent validation of data
by experts and implementation of more objective approaches at the geositein question.

Crisp et al. (2022a) toolkit at Dial Range Residual Ridges geoconservation site.

Low
subjectivity

Moderate
subjectivity

14

P

21 25

—=p

Figure 6. Subjectivity evaluation tool outcome for the implementation of the Crisp et al. (2022a) geoconservation toolkit at the

Dial Range Residual Ridges geoconservation site.
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subjectivity assigned. C1 and C3 were the least
subjective of all other criteria, with relevance of
literature (C2), interdisciplinary engagement (C4),
and methodological approach (C5-C7) criteria as
the most subjective.

Geoconservation Toolkit Outcomes

Geoconservation Value Outcomes The average
scientific value was highest for Mt. Gnomon and
Mt. Duncan (3.4), and lowest for Mt. Dial (2.1)
(Table 1). The scientific value criterion, scien-
tific knowledge, was the lowest ranking for all
three sites with a consistent ranking value of 1.
Conversely, key locality, was the highest-ranking
scientific criterion for Mt. Gnomon, degradation
for Mt. Dial, and representativeness and visibility
for Mt. Duncan, as its geodiversity features were
clear, prominent, and distinctive. Mounts Dial and
Gnomon received the highest ranking for the deg-
radation criterion as there was little evidence of
human impact, erosion, or weathering, and any
degradation would unlikely affect the geoconser-
vation value of the area. Conversely, Mt Duncan
exhibited relatively significant degradation at-

tributed to human impacts.

Tourism value was the highest for Mt. Gnomon
and Mt. Duncan (3.9) and lowest for Mt. Dial
(3.2), related to proximity to tourist facilities,
such as other recreational areas, road networks,
restaurants or hotels, and urban areas, due to the
close proximity of the Penguin township (Table
1). The tourism criteria, safety and availability of
information, were the lowest ranking for all three
mountains, due to the lack of adequate signage di-
recting tourists to specific paths and information
boards about the DRRR site.

The average conservation value was highest for
Mt. Gnomon (2.9) followed by Mt. Duncan (2.7)
and lowest for Mt. Dial (2.6). The conservation
value criteria, settlement proximity and accessibil-

ity, were the lowest ranking criteria overall across
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all sites. Conversely, the level of deterioration and
integrity or intactness was the highest ranking.
The high value for integrity and intactness at Mt
Gnomon reflects the high quality and uniqueness
of the features on the mountain that appear rela-
tively unaffected by any human influence.

Geodiversity Assessment Outcomes Mount Gno-
mon showed the highest geodiversity (Gd) com-
pared to other sites, with a value of 124, followed
by Mount Dial with a value of 102 (Table 1).
Mount Duncan recorded extensive geological fea-
tures (Egf) like Mount Gnomon, however, its vast
surface area (SA) of 3.92km2 compared to the

other sites significantly reduced its geodiversity.

The geographic distribution of Egf across DRRR
is illustrated in Fig. 7, with greatest concentration
around Mount Gnomon and Mt Dial attributed to
their higher overall Gd and low SA. Mount Dun-
can had all Egf types, with 1 hydrological (H)

Soll
Geological

Geomorphological

Hydrological

Figure 7. Distribution of geodiversity points at DRRR
captured using ArcGIS Field Maps3.3 Subjectivity

management framework.
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Table 1. Geoconservation assessment criteria ranking outcomes for scientific, tourism, and conservation values for the DRRR.

Value Criteria Ranking value

Scientific criteria Mt. Gnomon Mt. Dial Mt. Duncan
Representativeness
Key locality
Scientific knowledge
Use limitations
Visibility
Ecological interest
Extensiveness
Interpretation
Degradation
Quality
Scientific worth

W A DD W DR W W = W KA
[\
— NN R W NN =N = NN
2R D W R W L W —~ W W

34
Tourism criteria Mt. Gnomon Mt. Dial Mt. Duncan

Average scientific value: 34

Vulnerability
Accessibility
Safety
Logistics
Proximity to rec. areas
Infrastructure and facilities
Aesthetics
Viewpoint
Degradation
Proximity to restaurant/hotel
Proximity to urban area

Proximity to road networks

SIS NG N U N N U U VORI N0
SR AU U N U SN S VORI ORI RN

Availability of information

Sl\)mmm#_‘mm#wl\)l\:l\)

3.9

Conservation criteria Mt. Gnomon Mt. Dial Mt. Duncan

Average tourism value: 3.9

Legislative protection
Ecological influence
Settlement proximity
Level of deterioration
Integrity or intactness
Accessibility
Conservation status

W WA R = W W
W W N W W —= W W
W W N A A =D W

Present use

g
o
[
9

Average conservation value: 2.9

2 soil and stratigraphy (SS), 4 geomorphologi- Gl features were noted around DRRR, includ-
cal (Gm), and 7 geological (Gl). The two H fea- ing bedrocks of coarse-grained sandstone (Fig.
tures counted were the Duncan River (Fig. S2A) S3B), pebble-cobble siliciclastic conglomerates

and an upstream rock pool (Fig. S2B). Several (Fig. S3A), planar fracturing joints in sandstone
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and chert clasts (Fig. S4), and others (Table S3).
Various geomorphic features were also observed,
including prominent cliffs, mass wasting talus
and scree features, fluvial erosion, and evidence
of tectonic uplifting events, such as the prominent
peaks observed around Mt Duncan (Fig. S5). SS
appeared homogenous around DRRR, apparently
shallow and rocky in most areas (Fig. S6B) and
pale brown with possible low organic matter con-
tent (Fig. S6A).

Owing to the high subjectivity of the tool at DRRR
based on several high-ranking parameters (Fig. 6;
Table S1), the subjectivity framework indicated that
Category E management measures were required to
mitigate subjectivity for future conservation efforts
in subject research. These include interdisciplinary
engagement of expert stakeholders using objective
hierarchical methods, combined with remote sens-
ing or GIS statistical validation (Fig. 5).

Discussion

We have developed a novel subjectivity evalua-
tion tool and a subjectivity management frame-
work with a focus on geoconservation using the
Crisp et al. (2022a) geoconservation toolkit ap-
proach. As a case study, the novel subjectivity
evaluation tool was implemented at a northwest
Tasmanian mountain range geoconservation site,
the Dial Range Residual Ridges, a previously little
studied site.

Exploring Geodiversity and Geoconservation
at DRRR

The results of this study indicate that the assess-
ment of geoconservation and geodiversity values
at DRRR is highly influenced by subjective fac-
tors (Fig. 6), and further research is needed for

data validation and substantiation (Fig. 6).

While there is evidence suggesting a connection
between geodiversity and biodiversity (Parks and
Mulligan 2010; Hjort et al. 2012; Bailey et al.
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2017), and the role geodiversity can play in the
functioning of ecosystems and the services they
provide (Edwards et al. 2014), this relationship
remains complex and not uniformly linear across
all regions, with other factors like climate and al-
titude also influencing biodiversity (Read et al.
2020; Ren et al. 2021). Therefore, the results of
the geoconservation assessment (Table 1) could
offer reasonable insights into the ecological sig-
nificance of Mounts Gnomon and Dial, evidenced
also by the growing inclusion of geodiversity in
conservation endeavors (Comer et al. 2015; Pel-
litero et al. 2015; Ren et al. 2021). The geodiversi-
ty (Table 2) and geoconservation values (Table 1)
of an area could also assist stakeholders in making
informed management decisions. For example,
areas with high geodiversity that are also vulner-
able to human influence and degradation warrant
priority conservation over regions with high geo-
diversity but minimal human impact (Crisp et al.
2022a).

Subjectivity Assessment and Reporting

The scarcity of recent and relevant literature re-
garding the DRRR site (refer to C1 and C2 in Fig.
6) heightened the subjectivity of the study (Fig. 6).
The lack of reference materials resulted in a strong
reliance on individual interpretations and judg-
ments, which may have introduced bias or imped-
ed the ability to compare and validate the results
(Pereira et al. 2007; Brilha 2016; Dede and Zor-
lu 2023). The evaluation of geoconservation and
geodiversity involves interdisciplinary input from
fields such as soil science, geomorphology, geol-
ogy, hydrology, and physical and human geogra-
phy. However, the limited involvement of experts
from multiple disciplines in the implementation
of the tool (refer C4 in Fig. 6) further compound-
ed overall subjectivity. Therefore, further study
could benefit from a more diverse range of expert
perspectives (Bruschi et al. 2011; Ferrando et al.
2021). The Crisp et al. (2022a) method required

2588-7343[https://dx.doi.org/1057647/j.gcr.2024.0701.01]
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Table 2. Geodiversity parameters and values for Mounts Dial, Gnomon, and Duncan.

Value Parameter sub-type Geodiversity parameter
Mount Gnomon
15 Number of geological features (Egf)
10 Geological
4 Geomorphological (erosional or
accumulation landform)
0 Hydrological
1 Soil and stratigraphy
4 Roughness (R)
1.62 Surface area km2 (SA)
124 Total geodiversity: Geodiversity (Gd)
(Very high)
Mount Dial
10 Number of geological features (Egf)
7 Geological
Geomorphological (erosional or
accumulation landform)
0 Hydrological
1 Soil and stratigraphy
4 Roughness (R)
1.48 Surface area km?2 (SA)
102 Total geodiversity: Geodiversity (Gd)
(Very high)
Mount Duncan
14 Number of geological features (Egf)
6 Geological
4 Geomorphological (erosional or
accumulation landform)
2 Hydrological
Soil and stratigraphy
2
3 Roughness (R)
3.93 Surface area km2 (SA)
31 Total geodiversity: Geodiversity (Gd)
(Medium)

significant personal judgment to rank and evaluate
geoconservation criteria (refer to C5 in Fig. 6). To
reduce this subjectivity, alternative more objective
methods, such as the Bruschi ef al. (2011) method,
which uses statistical techniques to validate ex-
perts' criteria rankings in geoheritage assessments,
or the Ferrando ef al. (2021) method, which em-
ploys the analytical hierarchy process to incorpo-

rate expert insights into geodiversity assessments,
could be adopted (refer to C6 in Fig. 6). Therefore,
the evaluation tool indicated high subjectivity for
all parameters except criterion 2 (refer C1-C7 in
Fig. 6), thus reducing confidence in the inferences
(refer C7 in Fig. 6) regarding geodiversity and
geoconservation values at DRRR. Future research
is therefore required to validate data acquired,
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otherwise there is possibility that high subjectiv-
ity (Fig. 6) could result in important areas within
DRRR, geoconservation values, or geodiversity
elements being overlooked due to ambiguity in
criteria, personal biases, and lack of transparency
in methods (Brilha 2016; Mucivuna et al. 2019).

Enhanced Geoconservation Management and
Future Research Directions

The highly subjective tool implemented at DRRR
attributed to several high-ranking parameters (Fig.
6; Table S1), necessitates the use of Category E
management measures to address the significant
subjectivity concerns (Fig. 5). The framework
suggests adoption of extensive interdisciplinary
collaboration involving experts in Tasmanian
geology, geoheritage, and related fields. Further-
more, subsequent research recommends the adop-
tion of more objective methodological approaches.
Hence, a comprehensive approach that integrates
spatial analytical tools, remote sensing, and field
mapping techniques could serve as a reliable and
objective means of future research (StepisSnik
and Trenchovska 2018). Overall, the evaluation
tool (Fig. 2) and framework (Fig. 5) have provid-
ed a clear pathway for transition from Category
E subjective management measures to Catego-
ry A in subsequent research. Therefore, achiev-
ing Category A in subsequent research at DRRR
could mean reduction in the degree of individual
judgement and therefore bias in decision-making
(Pereira et al. 2007; Brilha 2016; Dede and Zorlu
2023), increased clarity in decisions for conser-
vation priorities and planning (Brilha 2016; Mu-
civuna et al. 2019), and increased confidence in
data used to substantiate conservation decisions
(Burgman 2001; Margoluis et al. 2009; Cook et
al.2010; Cook and Hockings 2011; Carranza et al.
2014; Datta and Sarkar 2019; Datta 2020).

There are several avenues for research related to
the subjectivity evaluation tool and management

framework. Firstly, further research could ex-
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plore the impacts of stakeholder engagement on
reducing subjectivity in assessments. Secondly,
additional studies could examine the impacts of
temporal and spatial scales on subjectivity, par-
ticularly about the assessment of geodiversity
and geoconservation. Thirdly, research could in-
vestigate the role of uncertainty in subjectivity in
conservation decision-making, particularly in sit-
uations where there is limited data or incomplete
knowledge of the site. Lastly, future studies could
apply the subjectivity evaluation tool and manage-
ment framework to other fields beyond conser-
vation, such as urban planning or environmental
management. In addition, further expert input, in
the form of a technical working group or confer-
ence, could investigate the intricacies within each
parameter and then amend accordingly based on
overall consensus. For instance, qualifications and
experience are commonly used to evaluate exper-
tise and knowledge, as was also the case in C3 of
the evaluation tool (Fig. 2; Table S1). However,
such criteria may not always reflect the reliability
and consistency of individual judgements (Cooke
and Goossens 2008; Martin et al. 2012). Thus,
seeking consensus and input from experts through
further review of the tool could help address any
underlying complexities in the criteria used to de-
termine subjectivity, such as the expertise of eval-

uators.
Conclusion

This study developed a novel subjectivity evalua-
tion tool and management framework with a focus
on geoconservation using the Crisp ef al. (2022a)
geoconservation toolkit approach, at the northwest
Tasmanian Dial Range Residual Ridges geocon-
servation site. The results of this study demon-
strate that the subjectivity evaluation tool was
successful in identifying factors hindering geo-
conservation management outcomes. The geocon-
servation toolkit showed high geodiversity values
for Mounts Gnomon (124) and Dial (102), while
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Mount Duncan had moderate values (31). Mounts
Gnomon and Duncan ranked highest overall for
scientific (3.4, 3.4), tourism (3.9, 3.9), and conser-
vation (2.9 2.7) values. However, the subjectivity
evaluation tool showed that the assessment of geo-
diversity and geoconservation was highly influ-
enced by subjective factors, including the absence
of recent and relevant scholarly literature, limited
interdisciplinary engagement, and subjective per-
sonal judgment. Therefore, the framework showed
that Category E management measures of interdis-
ciplinary engagement of expert stakeholders using
objective hierarchical methods, combined with
remote sensing or GIS statistical validation were
required to mitigate the high degree of subjectivi-
ty of the tool at DRRR. To achieve Category A in
subsequent research, the framework recommended
several steps such as engagement of experts from
multiple interdisciplinary backgrounds for future
assessments, as well as the adoption of methods
which reduce the degree of individual judgment,
such as remote sensing and GIS. The subjectivity
evaluation tool and management framework de-
veloped has global implications, for improvement
in subjectivity management in geoconservation
assessment, to allow better alignment of compari-

sons between practitioners and sites.
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