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Letter to the editor
Modelling concerns confound evaluations of legal wolf-killing
Liberg et al. (2020)'s interesting article on the effect of legal killing
on poaching and disappearance of wolves continued the seminal work
of Liberg et al. (2012). However, our eyes were caught by unusual
modeling procedures, so we reanalyzed their population model and
found issues with the specification of their individual-level model.
At the population-level, the authors modeled “Disappearance rate in
relation to… number of wolf territories” (Fig. 2A) or in relation to
“culling rate” (Fig. 2B) using logistic regressions (Table 1). We could
not find probability estimates or logistic curves in those data depictions
and overall had difficulty interpreting their methods. We think they
analyzed annual population-wide disappearance rate (number of
wolves that were poached or lost, divided by the number of territories
variously referred to as population size or n of wolves at risk/2) as a
continuous, not binary, variable. Using the population-level data from
their appendix, we quantified the annual absolute number of wolves
that disappeared for correlation with the absolute number culled
(n = 17, r = 0.69) and as rates (divided by the annual number of
wolves at risk and standardized as the authors did, r = 0.56), although
the latter is unnecessary because the denominator was the same for
both variables. We suggest the authors should have mentioned this
positive correlation explicitly, given it is consistent with a hypothesis
they tested (Chapron and Treves, 2016). Instead, the authors incorporated population size into their multivariate glm. Population size
is collinear with culling rate (r = 0.86, variance inflation factor = 3.9),
raising concerns about the interpretation of the glm. More worrisome,
the glm seems to regress y/x against x, where y = the absolute number
of disappearances divided by x = number of territories to make disappearance rate, e.g., “Both population size and culling rate were
included in the top ranked model explaining disappearance rate at the
population level (Table 1, Fig. 2).” (emphasis added, p.4). Regressions
of y/x on x produce negative slope parameters when simulated with
random numbers, not a null hypothesis of a zero slope (Treves, 2001).
The authors did not point out that culling rate went from a positive
correlation with disappearance rate to a negative one after controlling
for the much stronger correlation with population size. This oversight
seems to favor the hypothesis underlying the government-endorsed
policy. We do not believe their result is reliable.
We recommend instead that the authors build a population model
including culling using absolute numbers. Liberg et al. (2020) Fig. 1
suggests absolute numbers are important because wolf disappearances
rose after the culling policy began in 2010, similar to findings by
(Santiago-Ávila, 2019) and reported informally in June 2019 (Treves,
2019). They might try the published model that one of their co-authors
discussed at length with Chapron and Treves (2016). We don't understand why the authors ignored the clear positive correlation between
disappearances and culling that was independent of population size.
Perhaps they were focused more on individual-level modeling.
The authors use Cox proportional hazards in a competing risks
framework to model disappearance risk at the individual level. We have
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some questions about this model and suggestions for a more robust
analysis. First, in their analysis of collared territorial wolves the authors
used a Kaplan-Meier (KM) estimate of cause-specific survival functions.
However, in the presence of competing risks, KM estimators can overestimate the incidence function. When summed, the KM estimates of
incidences for individual endpoints will sum to greater than the KM
estimate of the cumulative endpoint (Austin et al., 2016). This may
explain why Fig. 2B presents the impossible outcome that disappearance rate is > 0 even when culling rate = 1. Second, Cox proportional hazard models estimate hazard as a function of survival time
and covariates. In their best Cox model (Table 2), the authors included
population size and culling rate as covariates, but, in our understanding, both variables were recorded at the end of the monitoring
season not after each wolf was ‘lost’ or born. The problem here is that,
in a survival or competing risk framework, both of these variables
would retrospectively affect hazard and incidence of disappearance
within that monitoring season. This does not seem conceptually sound
for models that evaluate how the hazard or incidence of an event occurring is affected by current (not future) conditions. Third, while Cox
proportional hazard models can help us understand cause-specific risks,
their results are most useful in conjunction with competing risk analyses that estimate the cumulative incidence functions (CIF) of an
endpoint of interest (in this case disappearance) in the presence of all
other competing risks (Austin et al., 2016). CIFs allow for visualizing
the effect of covariates on the probability of occurrence of a competing
risk event over time, and any potential interactions between competing
risks (e.g., between culling and poaching). We suggest that the authors
present results of hazard and incidence for all endpoints because these
are important for proper and contextual interpretation of their results
(Austin et al., 2016).
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