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Abstract

1.

Recovering or threatened carnivore populations are often harvested to minimise their impact
on human activities, such as livestock farming or game hunting. Increasingly, harvest quota
decisions involve a set of scientific, administrative and political institutions operating at national
and sub-national levels whose interactions and collective decision-making aim to increase the
legitimacy of management and ensure population targets are met. In practice, however,
assessments of how quota decisions change between these different actors and what
consequences these changes have on population trends are rare.

We combine a state-space population modelling approach with an analysis of quota decisions
taken at both regional and national levels between 2007 and 2018 to build a set of decision-
making models that together predict annual harvest quota values for Eurasian lynx (Lynx lynx)
in Norway.

We reveal a tendency for administrative decision-makers to compensate for consistent quota
increases by political actors, particularly when the lynx population size estimate is above the
regional target. Using population forecasts based on the ensemble of decision-making models,
we show that such buffering of political biases ensures lynx population size remains close to
regional and national targets in the long-term.

Our results go beyond the usual qualitative assessment of decentralised governance systems
for carnivore management, revealing a system of checks and balances that, in the case of lynx
in Norway, ensures both multi-stakeholder participation and sustainable harvest quotas.

Our work provides a predictive framework to evaluate co-participatory decision-making
processes in wildlife management, paving the way for scientists and decision-makers to
collaborate more widely in identifying where decision biases might lie and how institutional
arrangements can be optimised to minimise them. We emphasise, however, that this is only

possible if wildlife management decisions are documented and transparent.

Keywords: conflict; decision-making; harvest; lynx; Norway; population forecast; quota;

stakeholder
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Introduction
The adaptive management of wildlife populations is an essential component of the interaction
between biodiversity and human societies. Management can promote the conservation of
threatened species in human-dominated landscapes (Karanth & DeFries, 2010; Chapron et al.,
2014), sustain economic, cultural and recreational human activities that rely on the extractive use
of wild populations (Fischer et al., 2013; Di Minin et al., 2019), or minimise negative interactions
that arise when wildlife affects, or is perceived to affect, human livelihoods (Redpath et al., 2013;
Raithel et al., 2017). In theory, decisions taken in the context of wildlife management aim to achieve
one or more stated goal, such as protect threatened species, ensure the sustainable use of
harvested populations, or reduce negative interactions between wildlife and humans. In many
cases, poor management decisions can lead to the over-exploitation or over-abundance of wildlife
populations (Bulte, 2001; Fryxell et al., 2010), either of which can affect human livelihoods and well-
being both locally and globally (Diaz et al., 2019). Assessing and understanding the factors that
can influence the robustness of decision-making is therefore of vital importance to ensuring
effective and sustainable wildlife management and species survival (Polasky et al., 2011).
Management decisions relating to the harvest of large carnivore species pose a particular
challenge owing to their economic and political significance (Artelle et al., 2018; Darimont et al.,
2018; van Eeden et al., 2018), and the need to balance the interests of those promoting the harvest
versus the protection of wild populations (Lute et al., 2020). This is especially the case when harvest
is used as a tool to mitigate the negative impacts that a carnivore species of conservation concern
can have on local human livelihoods, such as livestock depredation or competition with recreational
hunting (van Eeden et al.,, 2018). Indeed, such scenarios often elicit strong responses from
stakeholder groups with differing views on the value of lethal control, including, for example, wildlife
conservationists, local communities, and their political representatives (Redpath et al., 2013; 2017).
In response to this, stakeholder co-participation in management decisions — such as those
surrounding quota values — is often promoted as a means to minimise conflict and increase both
the effectiveness and acceptability of population control measures (Pellikka & Sandstrom, 2011,

Sandstrém & Lundmark, 2016; Mitchel et al., 2018; Cusack et al., 2020).
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Decentralised governance systems, whereby a range of actors at local, regional and
national levels participate in decision-making (Sandstrdm et al., 2009; Hansson-Forman et al.,
2018), is becoming increasingly common in the management of large carnivore populations (Treves
et al., 2009; Redpath et al., 2017; Sandstrém et al., 2018; Curveira-Santos et al., 2020; Lute et al.,
2020). Such a governance system is typically characterised by a set of administrative and political
institutions whose interactions and collective decision-making aim to increase the legitimacy of
management and ensure population targets are met (Pellikka & Sandstrom, 2011; Risvoll et al.,
2016; Sandstrom & Lundmark, 2016). Inherent to the functioning of decentralised governance is a
careful balance between political pressures and the decision-making process of specialised
administrative entities whose role it is to evaluate and implement management actions based on
scientific evidence (Lute et al., 2014). However, the dynamic nature of this balancing act, as well
as the relationship between complex decision-making processes and their consequences for large
carnivore management outcomes, is very rarely quantified, with the vast majority of assessments
of decentralised governance systems relying on qualitative evaluations of stakeholder perceptions
(Jacobsen & Linnell, 2016; Sjélander-Lindqvist et al., 2020).

In this study, we quantify the set of decision-making processes that lead to annual harvest
guota values for Eurasian lynx (Lynx lynx; hereafter, lynx) in Norway. The management of lynx
populations through harvesting in Norway dates back to at least the mid-19" century when state-
financed bounty payments were used to incentivise hunting of all carnivore species due to their
depredation on both livestock and wild ungulates (Linnell et al., 2010; Jacobsen & Linnell, 2016).
Since then, the goals of lynx management have changed from extermination to sustainable harvest
(Linnell et al., 2010). In 1994, lynx harvesting in Norway adopted a quota-regulated approach with
a goal to maintain the population at a stable level (Nilsen et al., 2012). The current national
management goal of 65 lynx family groups (i.e. annual reproductions) was politically set by
parliament in 2004, to be divided between eight management regions, each with a specific goal
representing a proportion of the overall national target. Under this approach, regional decisions
regarding lynx harvest quotas consist of a multi-step process, starting with an initial proposal by the

regional Secretariat hosted by the Office of the County Governor (hereafter, Secretariat), followed
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by a revision by a politically appointed Regional Carnivore Management Board (RCMB), a
stakeholder appeal process, and a final decision by the Ministry of Climate and Environment (MCE;
Sandstrém et al., 2009; Risvoll et al., 2016; Andrén et al., 2020; Sjélander-Lindqvist et al., 2020).
Like in many large carnivore management systems, however, assessments of lynx harvesting in
Norway have so far largely focused on the relationship between population predictions and final
quota decisions (Bischof et al., 2012; Nilsen et al., 2012; Andrén et al., 2020). Consequently, the
influence of the different decision-making stages and the key interaction between administrative
and political actors in shaping quota outcomes has not been analysed in detail.

To address this gap, we combine a unique dataset of lynx quota decisions collected over
the period from 2007 to 2018 for seven of the eight carnivore management regions with theoretically
derived optimal quota decisions, to evaluate inherent biases at each stage of the decision-making
process. We then build an ensemble of models that relate successive changes in quota by the
Secretariat, RCMB and the MCE, as well as the number of appeals, to a measure of management
effectiveness that reflects how far the lynx population prediction for the current year is from the
regional target. Using this model ensemble, we assess the ability of the quota decision-making
process to stabilise lynx population dynamics and achieve regional as well as national population

targets in the long-term.

Materials and Methods

Study area

The study area encompasses seven of the eight carnivore management regions in Norway (Fig.
1a), which together cover approximately 273,000 km?. Management region 1 was excluded from
the study since it has a population target of zero lynx family groups. Regions 2-8 are composed of
alpine and boreal vegetation zones (Esseen et al., 1997), the former dominated by mountain birch
(Betula pubescens) forests and the latter by Norway spruce (Picea abies) and Scots pine (Pinus
sylvestris). Most parts of the boreal forest are intensively managed for pulp and timber, which
creates a mosaic of even-aged forest stands. The proportion of agricultural land is generally low

within the study area but increases toward the south.
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Figure 1. Map of carnivore management regions (a) and relative timings of census estimates (FG),
population predictions (N), quota decisions (Q), appeal (A) and harvesting (H) processes (b) for
Eurasian lynx in Norway (c). 1 represents the growth of the lynx population between time steps
after the effect of the harvest on lynx abundance. The quota decision steps include an initial
suggestion by the regional Secretariat (Qs) based on lynx abundance at t-1, followed by revision
by the Regional Carnivore Management Board (RCMB; Qg). An appeal process takes place before
the final quota decision is taken by the Norwegian Ministry for Climate and Environment (MCE;
Qw). Note that decision power is removed from the RCMB if the estimated size of the lynx population
is below target for three consecutive years. The shaded area in (a) represents management region
1, which is not included in the study area because the regional target is zero. Lynx illustration by
Mattis Jayme van Dalum.

Lynx in Norway occur in a multi-use landscape alongside a variety of different human
activities (Swenson & Andrén, 2005). In particular, management regions 7 and 8, as well as the
northern and eastern parts of region 6, correspond to the reindeer husbandry area, in which the
indigenous Sami herd semi-domestic, free-ranging reindeer (Rangifer tarandus). The latter are the
primary prey of lynx in these regions, an impact that continues to sustain a significant conflict
between lynx conservation and reindeer husbandry practices by the Sami (Mattisson et al., 2011).
Lynx predation on sheep occurs throughout the study area (Odden et al., 2008), whilst in the

southern management regions, lynx predation on roe deer (Capreolus capreolus) is also a source

of conflict between lynx conservation and local hunting activities (Odden et al., 2006).
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Lynx population model

Lynx monitoring in Norway follows a common methodology across all carnivore management
regions based on non-replicated counts of annual reproductions, which since 2002 has been
coordinated at a national level by the National Large Predator Monitoring Program (Nilsen et al.,
2012; Andrén et al., 2020). Lynx census efforts are carried out every winter between the months of
November and February. Importantly, lynx quotas for a given winter t are set before estimates of
lynx population size are available for that same winter (N:). Prior to 2012, quota decisions were
based on the lynx count recorded for the previous winter (Nt1) (i.e. count-based strategy). Since
2012, a state-space population model has been made available to the regional Secretariats
(Buckland et al., 2004; Nilsen et al., 2011), which enables estimation of lynx population size at t
based on the time series of observed number of reproductive females (hereafter, family groups)
and harvest bags collected up until t-1. Using this model, we generated predictions of the true, pre-
harvest lynx population size for each region and year t between 2012 and 2018, representing the
period during which the model was available to the regional Secretariats (i.e. model-based

strategy). Details of model structure, fitting and evaluation are provided in Appendix S1.

Lynx quota decision-making process and data

The timeline for lynx monitoring, quota-setting and quota implementation in Norway is shown in Fig.
1b (Risvoll et al., 2016; Andrén et al., 2020). In this study, we focus on three key stages of decision-
making. The first stage relates to the initial quota decision in November of winter t by the
professional administration in the Secretariat (hereafter, Secretariat quota) based on lynx
monitoring results from winter t-1 or a model prediction for t (Nilsen et al., 2011; Andrén et al.,
2020). This initial quota suggestion is passed on in December of winter t to a Regional Carnivore
Management Board (RCMB), which is made up of local level politicians appointed by the ministry
at the national level. The RCMB can revise the quota depending on the input of board members
and the interests they represent (hereafter, RCMB quota; Risvoll et al., 2016). The resulting quota
then undergoes an appeal process, whereby groups with stakes in lynx management (e.g. reindeer

herders, sheep farmers, hunters, and conservationists) can seek changes to the decision. The
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guota proposed by the RCMB and the corresponding appeals are reviewed by the Ministry of
Climate and Environment (MCE), which decides in January on a final quota to be implemented
during the months of February and March of winter t (hereafter, MCE quota). Importantly, if the
predicted lynx population size is below the regional target for three consecutive years, the quota
decision power of the RCMB is removed until the population increases above the target. In all
cases, the MCE has authority on the final quota decision.

We extracted quota values resulting from each of the decision-making stages (i.e.
Secretariat, RCMB and MCE) as well as the number of appeals made from both regional and
national sources. The quota suggestion by the Secretariat and the decision made by RCMB were
both extracted from publicly available meeting documents uploaded to the respective websites of
each region. The number of appeals and final quota decision made by the MCE were extracted
from documents made available publicly on the Norwegian government homepage
(https://miljovedtak.no/). For years for which online documents were not available, the County
Governor of each management region was contacted to obtain meeting documents relating to

appeals and MCE decisions.

Optimal quota decisions
To serve as a general evaluation of observed quota decisions, we derived, for each region k and
winter t, the optimal decision Q(opt):« that should have been taken to maximise chances of reaching
the regional target (Lk) at t+1. For a given region, this objective is expressed as:
Neyix = Ly (1],

in which N1k represents the lynx population size in region k at t+1. Following Andrén et al. (2020),
we assume that:

Nevrge = (Nege — Qi) * Ak (2],
in which Ntk and Quk represent the estimated lynx population size and harvest quota for region k at
winter t, respectively, and 1, denotes the region-specific mean population growth rate. Combining
equations [7] and [8] yields:

Ly = (N — Q(opt) ) * Ak [3].
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Re-arranging, we obtain a model for the optimal quota decision (optimal quota model):

Lk

Q(Opt)t,k = Ngy — 1 [4].

Values of Q(opt) . that were < 0 were set to 0.

Comparison of observed and optimal quota values
We modelled observed quota as a function of the interaction between decision stage (Secretariat,
RCMB and MCE) and region using a generalised linear mixed effect model (GLMM) with a negative
binomial error structure, year as a random intercept and log(N) as an offset. The latter was included
to correct for varying lynx population size, in effect converting the response variable into a quota
rate, which can be compared across management regions. In this model, factor levels representing
the Secretariat decision and Region 2 were included as reference values against which the effects
of other factor levels were evaluated. We then fit a second GLMM, which this time included the
optimal quota decision as reference level for the decision stage factor (i.e. Optimal, Secretariat,
RCMB and MCE), to evaluate the extent to which observed quota decisions deviated from the
corresponding optimal decision.

In the case of the Secretariat decision, we further assessed how the difference between

observed and optimal quotas for each region k varied as a function of a measure of management

effectiveness defined as the population-target ratio (PTR) = % This measure is equal to 1 when Nt
k

= Lk, <1 when Nt < Lk, and > 1 when Nt > Lk. We expected the Secretariat quota decision to deviate
as little as possible from optimal and for the difference between observed and optimal values to

remain constant across values of PTR.

Modelling changes in quota across decision-making stages

We used a combination of linear regression models to model successive changes in quota value
between the initial Secretariat decision and the final MCE decision as a function of the PTR. We
used the latter value as a measure of management effectiveness that we assumed was understood

and considered at all stages of decision making.
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In a first instance, we modelled the initial Secretariat decision at time t as a function of the
interaction between the PTR and a categorical variable reflecting the management region. This
model assumes that the manager adjusts quota decisions based on how far the predicted lynx
population size at t is from the regional target, but that this process varies predictably depending
on the region (Andrén et al., 2020). We chose to implement an linear mixed model (LMM) as
preliminary analyses indicated that treating the Secretariat quota as a count and fitting a GLMM
with a negative binomial error structure would result in strictly positive intercept values, reflecting
the unrealistic setting of positive quota values at a value of Nt equal to 0.

Decision stages relating to the RCMB, the appeal process and the MCE were each
modelled using a two-step approach akin to a hurdle model. The first step consisted of a binomial
GLMM for which the response was a binary variable reflecting the presence/absence of a change
of quota in the case of the RCMB and MCE stages, or the presence/absence of at least one appeal.
Predictor variables for the RCMB and appeal stage models consisted of the interaction between
the PTR and region, whilst for the MCE stage, the number of appeals, the PTR and region were
included as additive effects. The second step in our approach considered only instances in which
a quota change or at least one appeal was recorded. For the RCMB and appeal stages, this took
the form of a negative binomial GLMM for which the response variable was quota increase (only
positive changes were recorded) and number of appeals, respectively, and the predictor variables
were the interacting effects of the PTR and region. For the MCE stage, we modelled quota change
as a function of the number of appeals and the PTR, both of which interacted independently with
region, using an LMM to account for both negative and positive changes in quota.

In all models, year was included as a random intercept to account for the temporal
dependency between quota decisions and appeals carried out in consecutive years. Model
selection was carried out by ranking candidate models based on the AICc value. Although we
present all models within 2 delta AICc, we focus inferences and predictions on the top model (i.e.
with the lowest AICc value). All analyses were carried out R using packages Ime4 (Bates et al.,

2015) and glmmTMB (Brooks et al., 2017).

10
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Population forecasting

We used the ensemble of decision-making models selected in the previous section to predict, for
each management region, lynx population dynamics for the years 2019 to 2030. Stochasticity was
included in each of 1000 iterations by sampling the annual growth rate from a normal distribution
with mean 4, and associated standard deviation sd (4 ). Here, 1, is the mean growth rate over the
period 1996 to 2018, as would have been estimated by regional Secretariats in 2018 (Appendix
S2, Table S2-2). All other component parameters of decision stage models were represented by
their estimated mean value. Importantly, our forecasts assume that the harvest quota is
implemented perfectly, enabling us to assess the effect of decision-processes without the
confounding effect of implementation uncertainty. We summed predictions across regions to obtain

a forecasted trend at the national level.

Results

Lynx population size estimates

We predicted values of N: for each year between 2007 and 2018, using the count-based strategy
prior to 2012 and the model-based strategy from 2012. Comparison of predicted and observed
values of Nt indicated good predictive power for both count and model-based approaches (see

Appendix S2, Figs S2-1 and S2-2).

Lynx quota decisions

We analysed a total of 84 quota decision processes — each combining successive Secretariat,
RCMB and MCE decisions — collected between 2007 and 2018 across the seven management
regions (Appendix S2, Fig. S2-3). Data from 2007 and 2008 in Region 4 were excluded from our
analysis due to missing quota values for two of the decision-making stages. Of the remaining 82
decision processes, 19 reflected processes in which decision-making power was removed from the
RCMB following three consecutive years below the management target (i.e. 23.2% of all decision

processes with only two decisions instead of three), resulting in a total of 227 decisions analysed.

11
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Observed quota rates varied significantly across regions (likelihood-ratio test based on
nested negative binomial Generalised Linear Mixed Models with year as random effect: ¥ = 156.0,
df = 6, P < 0.001), with regions 6 and 4 showing the highest and lowest values on average (Fig.
2a). Differences in quota rate were also significant across decision stages (y®> = 7.1, df =2, P <
0.05), with quota rates resulting from the RCMB tending to be higher than those from either the
Secretariat or MCE in all regions except region 3, where the MCE quota rate was highest on
average. The percentages of Secretariat decisions that were decreased, unchanged or increased
by the RCMB were 0, 50.8 and 49.2 % (n = 63), respectively, whereas the percentages of either
Secretariat or RCMB decisions that were decreased, unchanged or increased by the MCE were
11.0, 81.7 and 7.3 % (n = 82), respectively.

In contrast to differences amongst observed quota rates, the difference amongst optimal
and observed quota rates varied depending on the interaction between decision stage and region
(x? = 62.2, df = 18, P < 0.001). More specifically, the Secretariat quota rate tended to be lower than
optimal in regions 2 to 6 and higher in regions 7 and 8 (Fig. 2a). This was reflected in the relationship
between Secretariat quota deviation from optimal and the PTR, which was best modelled as an
interaction between region and the quadratic term PTR?. According to this model, the Secretariat
guota decision tended to be closer to optimal when Nt was equal to or below the regional target

(i.,e. PTR < 1) and below when Nt was above the regional target (Fig. 2b).

Modelling changes in quota

Model selection outputs revealed that the Secretariat quota decision was positively influenced by
the PTR and that the slope of this effect varied significantly across regions (Fig. 3a; Appendix S2,
Table S2-1). The probability that the RCMB would seek a quota change following the initial proposal
by the Secretariat depended on the region (Fig. 3b), with regions 5 and 8 showing the highest
(predicted probability of 1) and lowest probability (predicted probability of 0.22 [95% Cls 0.06 —
0.58]), respectively. When a change did occur, its magnitude was positively related to the PTR, a

relationship that was common to all management regions (Fig. 3c).

12
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Figure 2. Optimal and observed quota rates for Norwegian lynx management regions 2-8 (a) and
relationship between the Secretariat quota deviation from optimal and a measure of management
effectiveness, the population to target ratio (PTR) (b). The PTR is equal to 1 when lynx population
size at time tis equal to the management target, < 1 when population size is below the target, and >
1 when population size is above the target. In (a) the optimal quota rate is based on the theoretical
model defined in the Materials and Methods (see equation [4]) whilst observed values are the result
of decisions taken by the Secretariat, the Regional Carnivore Management Board (RCMB) and the
Norwegian Ministry of Climate and Environment (MCE). Lines in (b) represent predictions from a
fitted linear mixed effects model with PTR? and region as interacting effects and year as a random
intercept. Horizontal and vertical dashed lines in (b) denote cases when the secretariat quota
equals the optimal quota and when the estimated lynx population size at t equals the regional
management target, respectively.

Overall, appeals were more likely to occur with increasing PTR (Fig. 3d). Appeals were
recorded every year for region 6, resulting in predicted probabilities of 1 (Appendix S2, Fig. S2-4).

In contrast, no appeals were recorded for region 7 leading to predicted probabilities of 0. When

13
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appeals did occur, their number was best predicted by the management region (Fig. 3e), with
regions 4 and 5 being characterised by the lowest (1.10, [0.26 — 4.31]) and highest (4.81 [2.48 —
9.35]) predicted number of appeals, respectively. Lastly, the MCE was more likely to modify the
guota received from either the Secretariat or the RCMB at higher values of PTR (Fig. 3f). The
magnitude and direction of the resulting change was negatively influenced by the number of

appeals received (Fig. 3g) and positively related to the PTR (Fig. 3h).
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grey dots represent partial residuals. The full and dashed arrows linking decision stages represent
process in the presence and absence of a decision by the RCMB, respectively. The PTR is equal
to 1 when lynx population size at time t is equal to the management target, < 1 when population
size is below the target, and > 1 when population size is above the target.

Population forecasting

We used the ensemble of decision-making models governing quota setting by the Secretariat,
guota changes by the RCMB and MCE, and the number of appeals made to predict, for each region
and for Norway as a whole, lynx population dynamics for the years 2019 to 2030. Such a forecast
acts as a valuable evaluation of the ability of the entire decision-making process to maintain lynx
population size on target. In particular, it revealed a contrast between southern and northern
management regions, with regions 2, 3, 4 and 5 showing population predictions that generally
overlapped with the regional target (Figure 4a-d), whilst regions 6, 7 and 8 exhibited predictions
that, although not always reflective of a decreasing population trend, tended to be below the
regional target (Fig. 4e-g). This heterogeneity in population forecasts relative to the management

target resulted in predictions at a national level that were stable and overlapped with the population

target (Fig. 4h).

Discussion

Our analysis of lynx quota decisions by administrative and political entities in Norway and
associated population forecasts reveal a system of checks and balances that, overall, successfully
maintains lynx population size close to regional and national targets despite strong opposing
pressures from conservation, farming and hunting interests (Linnell et al., 2010; Jacobsen & Linnell,
2016). These pressures manifest themselves at key stages in the decision-making process, namely
the quota revision by the politically appointed RCMB and the appeal process occurring prior to the
final decision by the MCE. RCMBSs, in particular, are often highly biased in their representativeness
towards the interests of farmers and hunters (Risvoll et al., 2016), resulting in a quota revision that
is consistently upwards when it occurs. This is especially the case when the lynx population in the
previous year is estimated to be above the regional target, reflecting a strong motivation to keep

lynx numbers under control.
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Figure 4. Lynx population forecasts for the years 2019 to 2030 based on the ensemble of decision-
making models characterising quota decisions, including the initial proposal by the Secretariat, the
revision by the Regional Carnivore Management Board, the appeal process, and the final decision
by the Ministry of Climate and Environment. Black dots represent estimated lynx population sizes
for the years 2007 to 2018 as derived from a state-space population model applied to lynx census
and harvest data collected between 1996 and 2018. The full yellow line represents the mean
population trend across 1000 iterations and the dashed lines denote the associated 95%
confidence intervals. The horizontal dashed line marks the population target.
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This tendency for the RCMB to increase quota values appears to be anticipated for by the
regional Secretariats, which we find were more likely to bias their quota proposals downward from
the theoretically optimal value when the lynx population estimates were above the regional target.
This pro-conservative behaviour did not occur when the lynx population estimates were below or
equal to the regional targets, in which case the Secretariats’ quotas tended to be closer to optimal.
It is unlikely, however, that suboptimal decision-making by the Secretariats aimed to compensate
for a potential increase by the MCE, which also tended to occur at higher population to target ratios.
This is because, in a first instance, quota changes by the MCE were relatively rare, only occurring
for one in five decisions. Moreover, the MCE decisions to increase or decrease a quota were also
mostly negatively influenced by the number of appeals received following the RCMB decision.

Our analysis highlights regional differences in quota decision processes and their ability to
maintain lynx populations on target. In particular, population forecasts for regions 6, 7 and 8 led to
population trends that were generally below the management target. These northern regions are
characterised by high numbers of lynx relative to southern regions (with the exception of region 2),
which could result in a tendency to over-compensate even when numbers decrease below the
management target (Fryxell et al., 2010). This could be exacerbated by the ongoing conflict
between lynx conservation and reindeer husbandry conducted by the indigenous Sami in these
regions (Mattisson et al., 2011; Tveraa et al., 2014), which may lead to stronger control of lynx
populations. Achieving lynx population targets in these regions will therefore require a better
understanding of how specific stakeholder interests influence decision-making.

Our work provides important insights into how interactions between the different actors
involved in decentralised governance systems can buffer political influences on wildlife
management decisions and lead to stable wildlife population trends (Darimont et al., 2014). In
particular, our findings echo of the “tug of war” concept used by Orach et al. (2020) to characterise
the feedback mechanism between stakeholder decisions that they find stabilises European Union
fisheries quotas by counterbalancing the influence of opposing interests. Importantly, they observe
that such a mechanism can be beneficial to natural resource management, sometimes delaying or

preventing stock collapse. In a similar way, buffering of the political influence of the RCMB and
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MCE by the Secretariat and the appeal process in the case of Norwegian lynx quotas may ensure
population viability in the long-term despite competing interests.

Quantitative assessments of decision-making at the heart of large carnivore management
are only possible when decisions at each stage of the process are transparent (Artelle et al., 2018;
Fuller et al., 2020). As shown by the present study, such data transparency enables evaluations of
management effectiveness to go beyond their usual focus on monitoring biases to encompass
relations between stakeholder interests, including the consequences of individual decision
strategies. In the case of Norwegian lynx, the effect of these decision biases on population
management are at least partly tempered by the decentralised governance system as a whole. Yet
no such quantitative analysis that we are aware of exists for other managed species, and we urge
scientists and decision-makers to collaborate more widely in identifying where decision biases
might lie and how institutional arrangements can be optimised to minimise them (Redpath et al.,
2017; Treves et al., 2017; Hartel et al., 2019). Such approaches may not only be beneficial for
species whose populations are harvested to minimise conflict with human activities, but also for
those species that are trophy hunted, an activity for which lack of transparency in decision-making
has contributed towards fuelling a debate over its value and legitimacy (Treves et al., 2019).

In summary, our work provides a predictive framework to evaluate participatory decision-
making processes in wildlife management (Travers et al., 2019). Key to this is the collection of both
long-term ecological and quota decision data, which together enable the parametrisation and
integration of population and decision-making models. Not only can this approach reveal the
mechanisms underlying quota harvest decision processes, but it can also be used to generate more
realistic predictions of wildlife population dynamics that account for biased human decisions. Such
knowledge is key to ensuring wildlife population targets are met in the presence of competing

stakeholder interests.
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