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Abstract: Biodiversity assets often require conservation management, which, in turn, necessitates decisions 
about which ecosystem, community or species should be prioritised to receive resources. Population viability 
analysis (PVA) uses a suite of quantitative methods to estimate the likelihood of population decline and 
extinction for a given species, and can be used to assess a population’s status, providing useful information to 
decision-makers. In New Zealand, a range of taxa have been analysed using the PVA approach, but the scope 
of its implementation has not previously been reviewed. We compiled a database of 78 published PVAs for 
New Zealand indigenous fauna and flora, along with details of the species considered, the data used to parametrise 
the model, and the technical details of their implementation. We assessed the taxa and threat status of the species 
for which PVA were conducted relative to the distribution of taxa across threat classes in the New Zealand 
Threat Classification System database. There were clear biases in the species selected for analysis, notably an 
over-representation of birds and threatened species in general, and an under-representation of invertebrates and 
plants. Model parameterisation and implementation were often not reported in a transparent or standardised 
way, which hinders model communication and reconstruction. To maximise the benefit of PVAs, we suggest 
that more attention should be given to the ecosystem-level importance of species, and to species whose threat 
status is changing rapidly or are not yet threatened. More clearly describing the parameterisation, underlying 
assumptions and implementation of PVAs will help to better contextualise their results and support reproducible 
ecological science and decision-making.
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Introduction

New  Zealand is a global biodiversity hotspot, and this 
biodiversity is important ecologically, economically and 
culturally (Craig et al. 2000; Blaschke et al. 2013; Parliamentary 
Commissioner for the Environment 2016). However, since the 
arrival of humans in New Zealand (c. 1280 AD; Wilmshurst 
et al. 2008) there has been a significant loss of biodiversity, 
including the extinction of over 50 bird, five plant, one fish and 
an unknown number of herpetofauna and invertebrate species 
(McGlone 1989; Wilson 2004; Tennyson & Martinson 2006; 
Robertson et al. 2017). These losses were largely the result 
of the introduction of pest species (particularly mammalian 
predators), habitat loss and environmental degradation (Innes 
et al. 2010). Due to the ongoing impacts of these and other 
threats, many species require active conservation management 
to ensure their long-term viability (Craig et al. 2000). This 
situation, and the ecological significance of New Zealand’s 
biodiversity, has led to a government pledge of ongoing support 
for conservation in the form of the New Zealand Biodiversity 
Strategy (Department of Conservation 2000; Department of 
Conservation 2016) and nationwide initiatives such as Predator-
Free New Zealand (Russell et al. 2015).

Despite such commitments, resources are limited – a 
common situation for conservation efforts globally (McCarthy 
et  al. 2012). It is, therefore, important that resources are 
allocated in a way that maximises their usefulness. Effectively 
prioritising resources for the conservation of a particular species 

requires considering a number of criteria, including the expected 
cost of any management action, its predicted effectiveness, and 
the species’ current and future risk of extinction, with the latter 
often carrying the most weight (Department of Conservation 
2016). Currently in New Zealand, a species’ risk of extinction 
is quantified through the New Zealand Threat Classification 
System developed by the Department of Conservation (DOC) 
(Townsend et  al. 2008). This system groups species based 
on their population trend over 10 years or three generations 
(whichever is longest) of demographic data.

Some conservation biologists have raised concerns 
about the representativeness of the species and ecosystems 
that receive management interventions and, in particular, 
the emphasis on rare taxa (Arponen 2012; Frimpong 2018). 
Maximising the benefit of conservation resource expenditure 
requires identifying not only those species of current concern, 
but also those that may become of concern in the future and, 
importantly, understanding the processes driving changes 
in threat status (Sebastián-González et  al. 2011; Laycock 
et al. 2013). The New Zealand Threat Classification System 
may identify common species showing a declining trend, 
but without further analysis the reasons for the decline will 
remain unknown. In some ecosystems, abundant or common 
taxa appear to be declining more rapidly than rare ones. For 
example, Inger et al. (2015) found that over the last 30 years, 
the European avifauna has declined in both abundance and 
richness, with this decline being driven by declines in more 
common species. Likewise, in New  Zealand, Elliott et  al. 
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(2010) describe declines over a 30-year period in more 
common birds in southern beech (Nothofagaceae) forest 
in the Nelson Lakes National Park. Such population trends 
challenge the emphasis, both in terms of effort and financial 
investment, placed on threatened species and make it important 
to develop tools for assessing species’ long-term dynamics 
and probability of persistence. One framework available to 
assess the sustainability and driving processes of a species 
or population is Population Viability Analysis (PVA) (Boyce 
1992; Morris & Doak 2002).

PVA is a structured process designed to evaluate (whether 
retrospectively or predictively) a species’ population dynamics 
based on demographic data, often with the goal of estimating the 
probability of persistence over a specific time period (Beissinger 
& Westphal 1998; Caswell 2001; Morris & Doak 2002). Many 
methods have been used to develop PVAs for individual taxa, 
ranging from aggregated unstructured population models 
to stochastic individual-based simulations (Burgman 2000; 
Beissinger et al. 2006; Himes Boor 2014). PVAs are often 
used to evaluate the potential effects of change, such as 
response to management interventions (e.g. Elliott 1996), 
shifts in environmental conditions (e.g. Mitchell et al. 2010), 
or interactions between the two (e.g. Simpkins et al. 2015). 
PVAs have obvious utility for conservation management and 
are a component of the IUCN red-list categorisation scheme 
(IUCN Standards and Petitions Subcommittee 2017). Previous 
analyses (Brook et  al. 2000; McCarthy et  al. 2003) have 
suggested that PVAs have reasonable predictive performance so 
long as they are parametrised adequately given their intended 
purpose. PVAs are often argued to be most informative when 
their outcomes are interpreted in a relative rather than an 
absolute sense (i.e. to rank management actions rather than 
estimate precise quantitative outcomes) (Beissinger & Westphal 
1998). However, the quantitative information provided by 
PVAs may also be valuable in determining thresholds for 
intervention or action, rather than just stating “action x will 
be better than action y” (Ellner & Fieberg 2003).

While PVAs are undoubtedly a useful tool for conservation 
decision-makers, a number of concerns exist around their 
potential misuse (Coulson et al. 2001; Clark & May 2002). 
The predictive accuracy of PVAs is determined by both the 
methods employed (e.g. model type and model structure) 
and the data used to inform the model (quality and quantity); 
these need to be transparently reported for a PVA’s outcomes 
to contribute effectively to conservation plans (Morrison et al. 
2016). A global bias in conservation science research effort 
towards accessible and charismatic taxonomic groups with 
slow life-histories, predominantly birds and mammals, has 
been widely discussed (Clark & May 2002; Darwall et  al. 
2011; Pickett et al. 2016). It is often assumed that findings from 
better studied taxa will act as surrogates for phylogenetically 
related lesser studied groups (Grenyer et al. 2006; Rodrigues & 
Brooks 2007). This assumption has been questioned (Rodrigues 
& Brooks 2007; Darwall et al. 2011), and if followed could 
lead to mismatches between where conservation efforts are 
focused and where they may be most beneficial.

In New Zealand, PVAs have been developed for a range 
of taxa in many contexts, including the evaluation of species’ 
long-term persistence (e.g. Elliott 1996), the fate of translocated 
populations (e.g. Armstrong & Ewen 2001a, 2002), the 
response of species to poison drops as part of predator-control 
operations (e.g. Armstrong & Ewen 2001b) and species’ 
mortality due to non-target harvesting (e.g. Francis & Sagar 
2012). Various checklists and guidelines have been published 

for those implementing PVAs (e.g. Morris et al. 1999; Keedwell 
2004). Keedwell (2004) provides guidance on implementing 
PVAs specifically for the New Zealand context, highlighting 
the need for a clear purpose for the study (likely the most 
important aspect), sufficient data, and clear and adequate 
reporting. There has not previously been a review of how PVAs 
have been implemented for New Zealand taxa, and thus it is 
unclear whether these PVAs follow the recommendations of 
Keedwell (2004). Additionally, it is unclear whether the PVA 
studies conducted on New Zealand taxa show a taxonomic or 
conservation status bias (i.e. the diversity of New Zealand’s 
biota may not be well represented). Therefore, our main 
objectives in this review are to: 1) assess whether New Zealand 
PVAs display any taxonomic or threat classification bias in their 
application, 2) assess the standard of model reporting and 3) 
provide recommendations for future PVA studies. Each of the 
PVAs we consider is a valuable synthesis of primary data in 
its own right and was carried out in a specific context; our aim 
is not to critique individual studies, but rather to evaluate how 
PVA as a practice is conducted in NZ, and how the information 
contained in the individual studies might be better leveraged.

Methods

Literature search
We conducted a literature search using the Google Scholar 
(https://scholar.google.com), Scopus (www.scopus.com) and 
ISI Web of Science (www.isiknowledge.com) databases. First, 
we used the search terms [“New Zealand” AND “population 
viability *”] and [“New Zealand” AND “population model 
*”] with the search limited to the “Environmental Science”, 
“Agricultural and Biological Sciences”, and “Earth and 
Planetary Sciences” subject areas. Any other published PVA 
studies we knew of that were not revealed by these search 
terms were added to the database, but we did not include 
unpublished theses. The publication list was filtered to 
include only those studies that conducted a PVA on an extant 
New Zealand species that is recorded in the New Zealand Threat 
Classification System 2007, including non-threatened species 
(Fig. 1, Townsend et al. 2008). We did not consider marine 
fish or marine invertebrates, as the majority of these species 
are subject to significant economic harvesting and a complete 
study of this factor was beyond the scope of our research. 
We adopted a broad definition of PVA as being a population 
modelling exercise where the prime concern was to evaluate 
the long-term dynamics of a population under some threat or 
in response to some perturbation. Thus, we rejected studies 
where the sole concern was establishing demographic vital 
rates in the absence of such factors (e.g. Enright & Watson 
1992). However, we did include studies where the aim was the 
retrospective reconstruction of population dynamics to estimate 
extant population size in order to assess conservation status, 
threat, or success of an intervention such as translocation. 
This process resulted in 70 studies, and 78 individual PVAs 
(some papers included multiple PVAs) (Appendix S1 in 
Supplementary Materials), involving 136 authors. Thirty-
nine authors contributed to multiple studies with one author 
contributing to 16 PVAs across 13 publications. In a number of 
cases multiple PVAs had been developed for the same species; 
we included these as separate studies. The list we compiled 
may not be exhaustive but we believe that it encompasses 
the breadth of population viability assessments conducted in 
New Zealand.
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PVA Implementation and Parametrisation
For each study that met the criteria mentioned above we 
recorded metadata including the publication (e.g. authors, 
journal), the implementation of the model (e.g. software used), 
the data used to parametrise the model (e.g. the timespan over 
which data was captured), and the species being considered. 
For each species we obtained information about its taxonomic 
group (to approximate groupings present in the New Zealand 
Threat Classification list), longevity (from published sources) 
and conservation status (Baker et al. 2016; de Lange et al. 
2013; Goodman et al. 2014; Hitchmough 2013; Hitchmough 
et al. 2016; Newman et al. 2013; O’Donnell et al. 2017). The 
longevity data used in this analysis carry some uncertainty 
because they encompass both wild and captive populations, 
and the data timespan captures only the length of the sampling 
period not the sampling intensity. We evaluated the metadata 
for trends in how PVA were implemented, examining the 
methods applied and the nature of the data used (e.g. length 
of data collection relative to species longevity or projection 
horizon). To identify any taxonomic or threat class biases (we 
use the term ‘bias’ to mean departure from a null expectation), 
we used the proportional representation of taxonomic groups in 
the New Zealand Threat Classification as the null expectation. 
We assumed that if no bias was present the 78 PVAs would 
represent a random sample of the New  Zealand Threat 
Classification list and, therefore, contain similar proportions 
of each taxonomic group. Only taxonomic groups for which 
at least one PVA had been published were analysed.

Results and discussion

Taxonomy and threat
Birds and mammals (both terrestrial and marine) have 
been the subject of the majority of PVAs (48 and 19 PVAs 

Figure 1.  Structure of 
the New  Zealand threat 
classification system (adapted 
from Townsend et al. 2008). 
Species included in our study 
identified as having a threat 
class falling within the dotted 
box.

respectively) conducted for NZ indigenous taxa, with 57% 
and 24% greater representation than expected, respectively 
(Fig. 2). Reptiles, fish and amphibians (6, 3 and 1 PVAs 
respectively) were slightly over represented (6%, 2% and 
1% greater representation, respectively). By contrast, plants 
were severely under-represented in the data, with 88% less 
representation than expected (1 PVA).

There was also bias in the threat classes of the species 
analysed (Fig. 3). Although most threat classes were over-
represented relative to the New Zealand Threat Classification 
List (Townsend et  al. 2008), both “not threatened” (13 
PVAs) and “naturally uncommon” (1 PVA) species were 
underrepresented, with 38% and 25% less representation, 
respectively. This result demonstrates an over-representation 
of more threatened species and an under-representation of 
less threatened species.

Assessment of the taxonomic grouping and threat 
classification of the species for which PVAs have been 
conducted reveals an interesting pattern in representation (Fig. 
4). The most over-represented taxonomic groups, birds and 
(marine) mammals, differed in how they were over-represented 
in terms of threat classes. PVAs considering mammals 
were over-represented in the higher risk classes (nationally 
endangered and critical), while birds were over-represented in 
the lower risk classes (not threatened and nationally vulnerable). 
Five PVAs were conducted on reptiles, including for tuatara 
(Sphenodon punctatus) and Suter’s skink (Oligosoma suteri), 
the only two taxa in the relict threat class in the PVA database. 
As only one PVA was conducted on plants (a matrix model for 
Beilschmiedia tawa that considered harvesting), all threat levels 
were under-represented; however, given the large number of 
plant species in the “not threatened” class (the class in which 
the single PVA was conducted) in the New Zealand Threat 
Classification List, this class was massively under-represented. 
Interestingly, plants were the only group, for which a PVA was 
found, that was under-represented. The over-representation of 
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Figure 4. Difference in proportional representation between the analysed set of PVA studies and the New Zealand Threat Classification 
List (Townsend et al. 2008) for different taxonomic groups and threat classes. Orange denotes over-representation of the group in the 
analysed PVA studies, while blue signifies under-representation. The numbers contained in each cell are the number of PVA studies for 
that taxonomic group × threat class combination. The numbers in the top and right margins of the plot provide the total number of studies 
for each taxonomic group or threat class.

Figure 2. Proportional representation of taxonomic 
groups in PVAs relative to the proportion of 
species in each group in the New Zealand Threat 
Classification List (Townsend et al. 2008) (i.e. if 
the difference in proportions was greater than zero, 
then the taxonomic group is over-represented in 
PVAs and vice versa).

Figure 3. Proportional representation of threat 
classes in PVAs relative to the proportion of 
species in each class in the New Zealand Threat 
Classification List (Townsend et al. 2008) (i.e. if 
the proportional difference was greater than zero, 
the threat class was over represented in PVAs and 
vice versa).
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most taxonomic groups is a result of these being the groups 
selected for studies while a large number of taxonomic groups 
(such as invertebrates, fungi, bryophytes) identified in the 
New Zealand Threat Classification List were not the subject 
of any PVAs, inflating the importance of individual PVAs. For 
example, the inclusion of a single study on amphibians resulted 
in an over-representation of this group as it is unlikely that any 
study would have been conducted based on random chance.

Overall, these results suggest that there are large differences 
between the species for which PVAs have been conducted in 
New Zealand and those listed in The New Zealand Threat 
Classification System database, both in terms of taxonomy 
and the threat class represented. As only 78 PVA studies 
were identified, the effect of a single PVA on any species has 
a significant effect on representativeness. Arguably, more 
charismatic species, such as the tuatara (Sphenodon spp.) 
and marine mammals, have been the subject of more PVAs, 
mirroring global trends (Clark & May 2002). Taxa for which 
identification and data collection are more difficult, such as 
invertebrates, bryophytes and fungi, have not been included 
in PVAs in NZ (no published PVAs found).

Species in higher risk classes have received more attention 
in PVAs, again mirroring international trends in conservation 
science (Arponen 2012). This trend was largely driven by the 
high level of over-representation for at-risk mammals. This 
emphasis on the fate of species in higher threat classes is 
understandable, and we are certainly not arguing that efforts 
be shifted away from them. In addition, it is likely that this 
trend of focussing on more highly threatened species is simply 
a result of the necessarily reactive nature of much conservation 
science (Brooks et  al. 2006). Threat classification systems 
such as the New Zealand Threat Classification List can only 
examine one aspect of rarity, however, identifying common 
species at risk of rapid population decline or extinction may 
require detailed, multifaceted analyses.

Although most PVAs consider just a single species, it 
is important to be aware of ecosystem-level interactions if 
we are to avoid unintended and unwanted outcomes, such 
as the decline of non-target species or undesirable trophic 
interactions (Ruscoe et  al. 2011; Fedriani et  al. 2016). To 
avoid such unexpected or perverse outcomes it is important 
to consider the viability of not just the target species but also 
the ecosystem of which it is a component (Lindenmayer et al. 
2007). Realistic recovery targets for focal species should be 
developed with a goal that these targets, and the mechanisms 
used to achieve them, may enhance (or at least not harm) 
other native organisms in the ecosystem (Chadès et al. 2012).

Model reporting
Most of the PVAs we reviewed used some form of structured 
population model. The models were usually described as age-
structured, but this term was used loosely and often included 
both stage-structured models based on ontogeny (where 
organisms may stay in one stage for various lengths of time) 
and ‘true’ age-structured models based solely on chronological 
age (see Caswell 2001). Although the division of populations 
into (st)age classes influences matrix model projections 
(Salguero Gomez & Plotkin 2010; Regan et  al. 2017), the 
biological rationale for the divisions were not always explicit. 
Methods such as integral projection, which avoids having to 
divide populations into arbitrary discrete classes (Ellner & 
Rees 2006), were not employed by any study.

Assessing the sensitivity of a PVA to changes in 
parametrisation is an important aspect of model evaluation, as it 

highlights the parameters to which a model is disproportionately 
sensitive with regard to changes or uncertainty (Hamby 1994; 
Morris & Doak 2002). Of the models we evaluated, 50 (64%) 
conducted some form of sensitivity analysis or scenario 
evaluation. While a number of the studies used standard 
methods for sensitivity analysis such as local one-at-a-time 
manipulation of parameters (Drechsler 1998), others were 
more ad hoc and few studies used more sophisticated global 
and multivariate methods for sensitivity assessment (e.g. 
Coutts & Yokomizo 2014; Aiello-Lammens & Akçakaya 
2017). Previous reviews of the application of PVAs globally 
have commented on the lack of standardisation in the methods 
used for sensitivity analysis (Naujokaitis-Lewis et al. 2009).

The PVAs conducted for indigenous New Zealand taxa 
were developed using a range of different software and methods. 
It is critical that these methods are clearly and fully stated so 
that the processes represented in a particular model can be 
understood and the outcomes adequately contextualised (Reed 
et al. 2002; Naujokaitis-Lewis et al. 2009; Pe’er et al. 2013). 
Worryingly not all of the methods used to develop the PVAs 
were always reported. This is exemplified in in our finding that 
28 of the reviewed studies did not report the software used to 
create their PVA. As different software packages often make 
different assumptions as to how methods should be carried 
out as well as being implemented differently, not including 
this information means that a study is not fully reproducible.

Parametrisation data
The temporal extents of the datasets used to parametrise the 
PVAs we considered varied between 1–6–33.7 (5th–50th–95th 
percentile) years, although provision of this information was 
inconsistent and was unreported in 13 studies. The temporal 
extent of the data needs to be considered relative to the lifespan 
of the taxa of interest and the projection horizon (Zeigler et al. 
2013; Rueda-Cediel et al. 2015), as well as the importance of 
infrequent catastrophes as determinants of population change 
(Ralls & Taylor 1997). The data period:projection horizon ratio 
was 0.01–0.23–1.2, meaning that in most cases the temporal 
extent of the data was much shorter than the period over 
which projections were being made. In terms of longevity, 
the data period:longevity ratio was 0.05–0.43–1.94, meaning 
that most datasets covered a period shorter than the lifespan 
of the taxa of interest.

The temporal extent of the data used to parametrise the 
PVAs was commonly, if inconsistently, reported; however, 
these extents varied considerably between studies. Using data 
that cover relatively short timeframes is not ideal (Coulson 
et al. 2001); yet, this issue may not be avoidable if timely 
conservation interventions are to be made or long-lived taxa 
are being considered. Researchers, therefore, need to clearly 
state the limitations associated with the timeframe covered by 
their data. Additionally, precise quantitative predictions should 
be avoided when the data coverage timeframe is short, as 
these predictions often have been found to have low accuracy 
(Coulson et al. 2001).

Recommendations

Our review of the practice of PVAs in NZ suggests some 
potential areas for improvement that might enhance their use 
as decision-making tools and as ways to learn about ecological 
systems:
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(1) 	Apply PVA across a wider variety of taxa (e.g. freshwater 
fish, plants, invertebrates) to avoid the current taxonomic 
bias in the species for which PVAs are implemented in 
NZ. We believe this may be accomplished by increasing 
collaboration between researchers, particularly those 
working with different taxa (McAlpine et al. 2016).

(2) 	A continuation of studies on species with lower threat 
classes should be encouraged especially in taxa where 
these low threat class species are underrepresented (e.g. 
mammals). These studies should allow the processes 
increasing a species’ vulnerability to be identified and 
assisting pre-emptive action to be undertaken. PVAs 
provide a mechanism to incorporate future risk into threat 
assessment when examining species which are currently 
not at high risk (McGowan et al. 2017). Particular attention 
should be paid to species whose risk classification, while 
still low, has relatively quickly changed in the recent past 
(see Roberts et al. 2016).

(3) 	Encourage the analysis of as broad a group of species as 
possible, starting with ecologically important/keystone 
species and species which are functionally rare within 
their community (Cadotte et al. 2011), to allow for greater 
understanding of the processes driving population change 
across New Zealand’s biodiversity.

(4) 	The reporting of the data and methods used to implement 
individual PVAs needs to be done carefully to ensure 
transparency and repeatability. We suggest that researchers 
make use of recently created data archiving databases 
(e.g. COMADRE) and publicly accessible source code 
repositories (e.g. GitHub) to help increase transparency 
and repeatability (see Wood et al. 2017).

(5) 	PVA should be based on as long and high-quality data as 
possible given the context the model is being developed 
and used in (Coulson et  al. 2001; Zeigler et  al. 2013; 
Rueda-Cediel et al. 2015). We do not, however, advocate 
waiting indefinitely for the ‘perfect’ dataset, as not 
making any decision does carry a cost. Those conducting 
PVA need to be aware of the nature of the data they are 
using, use appropriate model selection and sensitivity or 
uncertainty analyses, and frame the outcomes of their 
analyses appropriately.

In many ways our recommendations echo Keedwell’s 
(2004) checklist for a useful PVA – a clear statement of 
purpose, sufficient data (quality and temporal extent), a clear 
description of model structure and assumptions, and thorough 
uncertainty analyses – but extend beyond them, by providing 
some additional suggestions on how species are selected for 
study and how PVAs are described. These two areas – potential 
biases in species selection and the need for reproducible 
models – have both received considerable attention in the 
recent ecological and conservation biology literature. We 
believe that the careful application of PVAs has an important 
role to play in enhancing the efficiency and effectiveness of 
conservation in New Zealand. PVAs are a useful tool that, 
given data availability (often a limiting factor), are relatively 
straightforward to implement. In New Zealand a relatively 
small pool of scientists have applied PVAs across a fairly small 
sample of the country’s biodiversity. While these studies have 
been highly valuable for conservation, by encouraging a wider 
adoption of the technique by scientists studying more species, 
and boosting the transparency and communication of studies, 
PVAs have the potential to provide insightful information that 
may be used to improve conservation outcomes.
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Supplementary Material

Additional supporting information may be found in the online 
version of this article:

Appendix S1. List of PVA studies analysed, including citations, 
the focal species of the study and its threat class, and a brief 
description of the purpose of the PVA in each study.
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copy-edited but any issues relating to this information (other 
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