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A main challenge in harvest management is to set policies that maximize the probability that management goals are met. While the management cycle includes multiple sources of uncertainty, only some of these has received considerable attention. Currently, there is a large gap in our knowledge about implemention of harvest regulations, and to which extent indirect control methods such as harvest regulations are actually able to regulate harvest in accordance with intended management objectives. In this perspective article, we first summarize and discuss hunting regulations currently used in management of grouse species (Tetraonidae) in Europe and North America. Management models suggested for grouse are most often based on proportional harvest or threshold harvest principles. These models are all built on theoretical principles for sustainable harvesting, and provide in the end an estimate on a total allowable catch. However, implementation uncertainty is rarely examined in empirical or theoretical harvest studies, and few general findings have been reported. Nevertheless, circumstantial evidence suggest that many of the most popular regulations are acting depensatory so that harvest bag sizes is more limited in years (or areas) where game density is high, contrary to general recommendations. A better understanding of the implementation uncertainty related to harvest regulations is crucial in order to establish sustainable management systems. We suggest that scenario tools like Management System Evaluation (MSE) should be more frequently used to examine robustness of currently applied harvest regulations to such implementation uncertainty until more empirical evidence is available.
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INTRODUCTION

An important part of sustainable harvest management is that managers should be able to regulate harvest in agreement with general models, guided by first principles or harvest models developed for a specific system (Sutherland, 2001). Thus, the managers must have a toolbox that allows them to set policies that result in hunter behavior and realized harvest bags that are consistent with their objectives. As a very important background for forming harvest policy, a series of studies in the 1990s identified three main principles that after have been highly influential (Lande et al., 1997): Constant harvest (constant quota), where a fixed number of animals are removed each year; proportional harvest, where a constant proportion of the standing population is harvested each year; and threshold harvest, where only the proportion of the population higher than a predefined threshold is removed through annual harvest (Lande et al., 1995, 1997). From these and other studies, it is well-known that threshold harvesting outperform proportional harvest in terms of optimizing the offtake over a long time span, as well as reducing the risk of population extinction. In addition, constant quota harvest generally perform poor and are associated with an unacceptable high risk of population extinction (Lande et al., 1997).

Going from general principles to on-the-ground implementation in wildlife management is not trivial. A main challenge for managers is to establish systems and policies that align management objectives with realized harvest. Multiple uncertainties affecting the management process makes this particularly challenging (Milner-Gulland et al., 2009; Milner-Gulland and Shea, 2017). Following Williams et al. (2002), four main sources of uncertainty can be recognized in a management cycle: Uncertainty related to environmental variation; uncertainty related to different monitoring uncertainty; implementation uncertainty related to how management decisions are met by the practitioners; and finally, uncertainty related to how a certain system functions and responds to management actions (ecological or structural uncertainty). Compared to other types of uncertainties in the management cycle, implementation uncertainty is much understudied and is thus a poorly understood part of the harvest management cycle (Bicknell et al., 2010; Mustin et al., 2011; Caro et al., 2015). Despite the lack of terrestrial studies focusing on implementation of harvest regulations, we know from the fishery literature that such uncertainty might be even more influential than the other types (Deroba and Bence, 2008), it seems to a large extent to be glossed over in the wildlife harvest management (Bischof et al., 2012). In small game management implementation uncertainty may severely limit our ability to predict the outcome and sustainability of different harvest regulations (Andersen, 2015; Stevens et al., 2017).

To better understand the outcome of different management decisions despite the inherent implementation uncertainty, use of simulation tools may be helpful. One such model framework is known as management strategy evaluation (MSE) (Bunnefeld et al., 2011a). MSE enables comparison of alternative management strategies using numerical simulations, while incorporating uncertainty (Milner-Gulland and Shea, 2017). An MSE model consists of four elements or submodels; (1) a management or harvest decision model, (2) an harvest implementation or user model, (3) a model describing the population dynamics of the harvested species, and (4) and a model simulation the observation processes (i.e., monitoring) (Figure 1). This loop simulates feedback to managers about the effect of harvest and the population status prior to the next hunting season, and is thus suitable for testing the outcome of different management decisions. Each component in the MSE concept can be subject to modeling separately or integrated. The aim of this article is to illuminate the hunting regulations used in today's management of grouse (Tetraonidae) species in Europe and North-America, with a special focus on the implementation uncertainty that lies in operationalization links from the chosen harvest strategy to the practical solutions and how an MSE-model could be appropriate in such an approach. The bird family Tetraonidae includes 20 species distributed in temperate and subarctic regions of the Northern Hemisphere (Storch, 2015), today devoted considerable attention because of a an increasing level of red-listing on one side, and a relatively widespread harvest on the other side (Mustin et al., 2011; Storch, 2015). A better understanding of the precision of the harvest management in these species is therefore a pressing conservation issue.
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FIGURE 1. Framework of an MSE model suited for testing scenarios in small game harvest management, through modeling feedback on management decisions. Population estimates obtained through monitoring are basis for harvest regulations set by the management, the regulations are implemented by hunters, and actual harvest rates are incorporated in a population model. The different sources of uncertainty must be taken into consideration in the loop.



FROM PRINCIPLES TO ON-THE-GROUND IMPLEMENTATION

Our synopsis of the literature on grouse harvest management in Europe and North-America suggest that proportional harvest schemes are often used or recommended used, with threshold harvest or proportional threshold harvest also being reported. Examples include those used or suggested for willow ptarmigan (Lagopus lagopus) in Sweden and Norway (Willebrand and Hörnell, 2001; Pedersen et al., 2004; Sandercock et al., 2011; Eriksen et al., 2017), forest grouse in Finland (Kurki and Putaala, 2010), red grouse (Lagopus scotica) in UK (Hudson and Newborn, 1995; Hudson and Dobson, 2001), as well as greater sage-grouse (Centrocercus urophasianus), and greater prairie-chicken (Tympanuchus cupido) in USA (Connelly et al., 2003; Gibson et al., 2011; Powell et al., 2011).

Even if estimates of population density (or abundance) is needed to make management decisions in most of the reported cases, management decisions are also sometimes based solely on knowledge about annual reproduction as derived from adult:juvenile ratios. One example is found in Norway, where it has been suggested that willow ptarmigan harvest should only take place in years when chicks per hen is >2.5 in autumn (Kastdalen, 1992; Steen and Erikstad, 1996). A caveat with such an approach is that high harvest rates in years with high recruitment even if population densities are low, is counter to general recommendations of more conservative harvest at low densities.

LIMITING TOTAL ALLOWABLE CATCH (TAC)

When managers try to regulate harvest offtake in accordance with general principles such as proportional harvest, they often do so by limiting total allowable catch (TAC). This can be done either by limiting the number of hunting permits and/or regulating the size of the quota allocated to each permit (i.e., bag limit). Although our synopsis does not allow any quantitative assessment of frequency of use, we notice that daily bag-limits are frequently reported (Table 1). Interestingly, bag limits are often criticized because they lack precision in the ability to control harvest rates, even if the bag limit changes in response to population size (Andersen, 2015). In addition, concerns have been raised because the catchability coefficient seem to be inversely density dependent (Andersen and Kaltenborn, 2013; Eriksen et al., 2017) creating a risk that harvest rates become higher at low population densities (se e.g., from the fishery literature; Harley et al., 2001; Ward et al., 2013; van Poorten et al., 2016). It has been indicated that managers can achieve more control of offtake by allocating seasonal quotas to individual hunters or hunting teams (see e.g., Gibson et al., 2011), where the hunters/teams are allocated a given proportion of total area quota (see e.g., Kurki and Putaala, 2010). While some support might be found in e.g., Eriksen et al. (2017), the generality of this statement remains unstudied. Reducing the number of hunting permits will also reduce TAC as long as bag limits are not increased as a response (Caro et al., 2015). Obviously, a cap on the total number of permits is common, and some land owners in addition restrict access to the hunting terrains based on residency, either differing between national vs. international hunters (Lindberget, 2009) or local vs. non-local residents (e.g., on state land in southern Norway; Andersen, 2015). However, because of its potential negative social and economic effects at a local scale, regulating the number of licenses as a direct response to the population size does not seem to be a common regulation tool (Andersen et al., 2010).


Table 1. Harvest regulations with related practical solutions described or reported applied in the management of grouse in Europe and North America.
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Beyond the more common quota-based regulations described above, use of selective harvest of certain age- and sex categories has also been suggested. Selective harvest of males has been reported in species with clear sexual dimorphism, such as e.g., the capercaillie (Tetrao urogallus) (Lindén, 1991; Helle et al., 1999). The suggestion relating to age categories is based on the fact that harvest of adults are more likely to be additive to other mortality sources (Pedersen et al., 2004; Péron, 2013), so the harvest is skewed toward the juveniles. Even if the demographic effects of age-selective harvest could be significant in e.g., ptarmigans (Bunnefeld et al., 2011b), this kind of regulation does not seem to be commonly used in the management of these species (Table 1).

LIMITING TOTAL HUNTING EFFORT OR EFFICIENCY

Limiting total hunting effort (e.g., measured as number of hunting days km−2) is another way to indirectly control harvest, and has been reported used, for instance on state owned land in Sweden (Table 1). There, a constant effort model (allowing a total effort of three hunting days km−2) is used to limit harvest rates where harvest is closed once are reached (Willebrand et al., 2011). For proportional harvest from to arise from constant effort policy, the underlying assumption is that the catchability coefficient is not density dependent (Fryxell et al., 2014). The sustainability of constant effort models might be compromised if there are large variations in the catchability between habitats, groups of hunters, and in particular if the catchability coefficient is density dependent (Mackinson et al., 1997; Willebrand et al., 2011; Eriksen et al., 2017). Based on current knowledge from field studies of grouse (Willebrand et al., 2011; Eriksen et al., 2017) and theoretical models (Mackinson et al., 1997), caution should be exercised when applying constant effort models to regulate harvest. Rather than a direct regulation of hunting effort, restricting the length of the hunting season is also used to limit (but not regulate) effort. When using season length to limit harvest, higher demographic value late in the hunting season comlplicates calculations of sustainable harvest rates (Kokko and Lindström, 1998; Kokko, 2001; Brøseth et al., 2012; Sunde and Asferg, 2014). Non-synchronized onset of the hunting season across regions could also result in increased harvest effort, if the most eager hunters tour to take part in the first week of the hunt as new areas are opened for hunting (Connelly et al., 2003; Pedersen and Karlsen, 2007; Blomberg, 2015).

Complicating the implementation of harvest strategies further, hunting pressure will most often be spatially heterogeneous also within management units (see e.g., FitzGibbon, 1998). For instance, hunting pressure has been reported to be higher closer to access points for the hunt, such as roads and cabins (Brøseth and Pedersen, 2000). To limit the size of the harvest bags, some managers therefore reduce access to the hunting areas by closing roads and/or cabins used by hunters as reported from willow ptarmigan management in Norway (Moa et al., 2013). Establishment of no-hunt areas (refuges) are also known from the management of ptarmigans in Sweden and Norway (Willebrand and Hörnell, 2001; Andersen, 2015). The main idea is to establish a source-sink dynamic (Pulliam, 1988) between harvested and non-harvested areas (see e.g., Novaro et al., 2005). So far, the effect of refuges on ptarmigan population dynamics remains unclear because of uncertainty related to the spatial distribution and settlement strategies (Kvasnes et al., 2015). Besides from addressing hunting effort, regulations aiming to reduce the hunting efficiency may also be implemented. These may include restrictions on hunting techniques or equipment, mainly related to gun types and/or banning hunting with dogs (Table 1).

IMPLEMENTATION UNCERTAINTY IN CURRENT GROUSE MANAGEMENT

Our discussion above on the main results from the available literature suggests that in most cases, managers do not know how to best achieve the target harvest rates or harvest bag, and that harvest rates rarely can be controlled directly. Rather, managers are using indirect means to limit or regulate harvest off take. This means that even in cases where the managers have good knowledge about the ecological processes that drives the system dynamics, and access to accurate monitoring of population abundance, they still might not know which tools to grab for in their toolbox to ensure effective implementation of management decisions. Although not explicitly addressed in grouse management, it is to be expected that the uncertain implementation of harvest management regulations will vary depending on the degree of controllability (Andersen et al., 2014; Andersen, 2015). So too are the consequences; in the context of grouse management, failing to reach a given TAC is rarely considered an ecological sustainability problem (Andersen, 2015). Nevertheless, failing to properly include this in the management plans, the management might still sub-optimal from a socioeconomic perspective if quotas are too restrictive when population abundance is high (Wam et al., 2012, 2013). Violations of regulations could on result in unsustainable management also in cases when TAC is based on sound ecological principles, and management systems should therefore contain elements of control, i.e., monitoring of compliance with regulations, to examine whether there is accordance between the rules in question and the compliance (Wiedenmann et al., 2013).

When field studies or experiments are not feasible, setting up mathematical simulation models to assess how the system behaves under a range of conditions, and how sensitive management objectives are to certain parameters is often a useful way forward. In the management of natural resources, MSE models are particularly suitable because they allow complex relationships between the biological resource and the harvest management (Bunnefeld et al., 2011a; Punt et al., 2016). Eriksen et al. (2017) recently showed that increased implementation uncertainty can have a substantial effect on the risk of overharvest in the management of willow ptarmigan in Norway. By numerical simulations, they found that the risk of exceeding commonly used ptarmigan harvest thresholds was notably higher with increased implementation model uncertainty, especially at medium game densities. In addition to contributing to the understanding of uncertainty in the harvest of a small game species, the example shows the advantage of collecting high quality data for model development, as high model uncertainties will result in less precision in an integrated MSE model. Even if the MSE models only recently have been introduced to the management of terrestrial biodiversity (Milner-Gulland et al., 2010), we believe that applying this framework in modern grouse management may provide greater precision in predicting actual harvest given different management decisions.

CONCLUSION

Based on our synopsis of the literature, it seems clear that there is a dearth of detailed studies on how harvest policies and regulations actually limit harvest rates. Similar concerns were raised by Stevens et al. (2017) in a recent study using structured decision making models to establish wild turkey (Meleagris gallopavo) harvest reference points. Such uncertainty makes it hard to design harvest management plans based on first principles (e.g., proportional harvest strategies), because even if the managers change TAC in response to fluctuations in population density, a proportionate change in realized harvest rates do not necessarily follow. To date, the relative contribution of various sources of uncertainty to our ability to predict the ecological outcome of different harvest management strategies has not been quantified in grouse harvest. Based on our synopsis, we do not know if the contribution from implementation uncertainty to the overall uncertainty is higher or lower that the other sources of uncertainty in the management cycle, but we suspect it to resembles the situation reported by Deroba and Bence (2008) from the fisheries. The most serious consequence of this is probably the increased risk of excessive harvest rates as population densities declines (Eriksen et al., 2017), due to density dependent catchability coefficients (Mackinson et al., 1997). If science should continue to guide harvest management it is crucial that this we start filling this knowledge gap. From our perspective we need both empirical and simulation studies to start filling this gap. First, inspired by the fisheries literature (e.g., Harley et al., 2001) we need large-scale and cross species examinations of know how often, and under which conditions, density dependent catchability coefficients (i.e., hyperstability) are most likely to arise. In these cases, we suspect that strict regulations are particularly important at low population densities. For this to be achievable more complete and accurate data sampling from the management process is needed. Second, until we have a better empirical understanding of the relationship between harvest policy and regulations and realized harvest, use of simulations tools like MSE will be useful to better understand the sensitivity of the socio-ecological systems at stake to untested assumptions about how harvest regulations actually regulate harvest rates.
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Use of non-hunting areas A Wilow ptarmigan (Lagopus lagopus) ‘Sweden Wilebrand and Homel, 2001
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