Supplementary Material

Density-dependence in the Wisconsin wolf population
Olson et al. [5] compile studies that they report as having documented negative density dependence, but we find that their list includes a study that documented positive density dependence (Allee effect) in Wisconsin [17] and another study of Michigan and Wisconsin describing an individual based model and not including the term “density dependence” [25]. Moreover, the studies they list are North American focused and ignore relevant studies from other regions of the world. For example, wolves in Western Poland have grown exponentially with no sign of density dependence [26]. In addition, their list includes populations such as the tiny Isle Royale National Park and the vast protected areas of Yellowstone National Park, neither of which seems a reasonable comparison to the Wisconsin and Michigan wolf populations in their heavily human dominated landscapes without large protected areas. All of these observations raise concerns about the criteria Olson et al. [5] used to build their list. As we wrote previously [8], fitting a logistic growth model alone cannot demonstrate density dependence as was done in [18]. Specifically, a mechanism must be found to support a claim of density dependence. This applies also to Stien [6]’s writing that the quadratic relationship he found for area against population size is evidence of negative density- dependence. It is not (see section: Relationship for area against population size in this supplement). Many of the studies Olson et al. [5] report (in their Table S1) do not present evidence for a mechanism. Still, when Olson et al. [5] report mechanisms for density dependence, these are not found for the Wisconsin wolf population: they propose litter size would decrease [27], but Stenglein et al. [7] shows no negative density-dependence on recruitment during the period of our study (see main text), they propose reproduction would decrease [27], we find it increases, they propose survival would decrease [28], Stenglein et al. [7] shows it remained constant. Finally, we present evidence in the main text about continued population growth above the median annual rate at the same time as the wolf population apparently exceeded the densities we studied.

Chain of inference and parsimonious hypotheses
Olson et al. [5] argue that our hypothesis is not parsimonious because it requires a longer chain of inference. They do so by presenting their own interpretation of three different hypotheses and their respective chains of inference. Our hypothesis is presented with the longest chain, while density dependence has the shortest one (one link only). We find this misleading. For one, they misunderstand the cause-and-effect relationships between cognition and behavior [29]. For both the frustration hypothesis and our hypothesis – that the policy signal of legalizing culling motivated poachers – there can be a single cognitive step and a single behavioral step. For the former, the cognitive step is that would-be poachers are motivated by frustration with continued protection of wolves, whereas our hypothesis proposed would-be poachers are motivated by lessening protections. The causal chains are the same length. In addition, Olson et al. [5] should also increase the chain for density dependence by presenting at least one falsifiable, detailed biological mechanism, because density dependence is not as simple as “density dependence in component of growth → reduced growth at high density”. Finally, a hypothesis that is not supported by evidence does not gain strength by being simpler. 

Frustration hypothesis
Olson et al. [5] assert that “there is no evidence that devaluation of wolves was exclusive to the period after implementation of LDM [2003]”. First, we never said this was exclusive, rather we substantiated a decrease in tolerance for wolves, during the period 2001–2013. Second, AT and his colleagues have meticulously measured changes in human attitudes in the same individual residents of Wisconsin’s wolf range since 2001. Their measures in four separate surveys include the years 2001, 2004, 2009, and 2013 as well as a focus group approach with repeated measures from 2010-2012. Four publications [30-33] demonstrate that tolerance for wolves declined following culling authority and three measured inclination to poach, which also rose in those years. Indeed, Hogberg et al. [31] document that frustration continued to increase after wolf-killing was further liberalized to include public hunting and trapping. The non peer-reviewed report [34] on attitudes that Olson et al. [5] cite cannot address the topic of change in attitudes because it is a measure at one time point. Likewise, the Michigan state agency report [35] cited by Olson et al. [5] was not a measure of change in attitudes either. We still find no evidence in support of the frustration hypothesis in [5] and emphasize that the highest tolerance for wolves was measured in 2001 [32] and ever since it has declined in Wisconsin, when we compared the same individuals’ responses to the same questions years later [33]. The focus group study [30] seems to directly invalidate the frustration hypothesis. 



Relationship for area against population size
Stien [6] argues that our log linear model is not appropriate to detect density dependence and that a quadratic relationship for area against population size is needed. Stien [6] writes that the quadratic relationship he found is evidence of negative density-dependence. We are not convinced and we reassert that one must also show that a life history parameter affecting birth or death exists before claiming density-dependent population growth. The lack of empirical evidence for a decline in demographic parameters with increasing population size is the crux of the matter here. If as Stien [6] argues, weak evidence of density dependence in total area used by the entire wolf population implies density-dependence in wolf population growth, then Stien [6] must also show that the decrease resulted from density effects on life history itself rather than other factors independent of density. For example, the area used by the entire wolf population does not necessarily bear a direct, causal relationship to pressures acting on individual wolf packs. In addition, the data on area used by the entire wolf population does not have an observation error which means that it is unclear whether the small, reported 0.0016 wolf / km2 increase from 2000–2011 is evidence of increasing density. Stien [6] has not presented a single such density-related biological change, nor explained how density changed if at all. We are not persuaded by the argument in Stien [6] for density-dependence based on the total area used by the wolf population because without associated changes in survival or reproduction, it is unclear then how this assumed density-dependence can account for a decline in growth rate that we reported. There may be changes in behavior but if those changes do not translate into changes in demographic parameters, it is difficult to understand how they can change growth rate. Finally, we point out that Figure 1 in Stien [6] is strongly influenced by the last data point when the area grew less but the population still grew 13% which is the median growth in the time series. 

Probability of reproduction as a function of proportion of the year with legal culling
Stien [6] models the probability of reproduction as a function of proportion of the year with legal culling (see associated Figure 2 in Stien [6] ). Specifically, Stien [6] mentions one model “slope = -0.89, SE = 0.41, P = 0.03, binomial GLMM with logit link function and year fitted as random effect”. However, there are also other models that have very close AIC values where the proportion of the year with legal culling is not significant or is absent (see models lme.breed.H and lme.breed.DH in Stien [6] supplementary material) but that Stien [6] did not discuss. Stien [6] writes in his conclusion that “My analysis highlights the responsibility that researchers have to expose models to alternative hypotheses that are refined and biologically plausible”. We agree and add that models explored in Stien’s R code [6] merit further consideration. When these models are considered, it is much less certain that the negative correlation between reproductive rates and legal culling is so important. In our opinion, after assessing the model including both variables and the model-averaged coefficients, neither the proportion of the year with legal culling nor the number of wolves culled are significant predictors of probability of reproduction. Both independent variables together show low multicollinearity after testing a variance inflation factor (VIF = 1.76), so it is statistically correct to include both variables in the model to explain the change in probability of reproduction. Indeed, we may lose valuable statistical and biological information by focusing only on proportion of the year with legal culling while ignoring the number of wolves culled or ignoring the alternative models. In addition, even if Stien’s [6] claim of a strong link between probability of reproduction and proportion of the year with legal culling were right, this would not change our message [3, 4]. Reproductions might decrease if culling and poaching killed pack members that bred or supported reproduction. So in our opinion, Figure 2 and Stien’s [6] assertion that “reproductive rates have to be accounted for in the analysis of population growth rates” do not invalidate our conclusion and might on the contrary suggest a mechanism through which the policy signal operates. Our original paper [3] ended with an implicit hypothesis from our inference that poaching rose; it is possible that poaching of breeding adults in particular rose or that poaching of pups pre-census rose. Similarly, Stien [6] concluded from his extension of our Bayesian model that “there was a strong positive relationship between probability of reproduction in year t and the population growth rate from year t-1 to t” [6], which is not relevant for our analysis. It only shows that a population grows more when it breeds more, but does not evaluate the role of the policy signal (the proportion of the year with legal culling) in changing growth over time.

Updated context on tolerance hunting
[bookmark: _GoBack]To provide more updated context, the issue of hunting large carnivores to increase people’s tolerance has become white hot in many countries. In the USA, the FWS final rule to delist the grizzly bear [36] states that “removals promote conservation of the GYE grizzly bear population by minimizing illegal killing of bears” without providing evidence and adds that “based on recent experiences with wolves in Idaho and Montana, social tolerance for wolves improved as both States implemented an adaptive management approach to managing conflict during the post-delisting monitoring period”, apparently confusing tolerance for wolves and tolerance for authorities managing wolves and mischaracterizing the research as revealing changes in tolerance – if they are citing the only such study of which we are aware [37]. In Norway, the government faced a political controversy in winter 2016–2017 after the environment minister decided there was no valid reason to kill 47 wolves out of a population of 68 wolves and scaled down the hunting quota to 15 [38, 39]. In Finland, after two years of such tolerance hunting intended to reduce poaching, the wolf population has collapsed (by 25% in 2017, down to 150–180 animals) [40, 41] while a recent analysis of the dynamic of wolf poaching in Finland concluded that “tolerance for carnivores cannot be promoted by legal hunting alone” [42]. These controversies are likely to continue if governments and scientists continue to advocate for tolerance hunting without evidence.
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