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Introduction
As any good fisherman will tell you, catches are greatly influenced by how you fish. Examples of fishing behavior include choices of location (site, depth), timing (seasonal, time of day), gear, and bait. Because these choices influence the catch, they have important implications for analysis of fisheries data. For example, stock assessments often rely on measures of catch per unit effort (CPUE) as proxies for abundance, but CPUE is heavily influenced by how people fish, especially in multispecies fisheries. These choices also affect our ability to accurately understand past patterns and predict future levels of fishing effort through the relationship between regulations, incentives, and fishing behavior.
Choices of whether and how to fish will be influenced by the expected economic utility, or incentives, they provide to fishermen. Some of that utility may come from the pleasure of fishing itself, but most fishermen will be influenced by what they expect to catch and how much they are allowed to keep, along with the monetary costs. Changes in fishing regulations will influence expectations of catches and releases, and thus affect the economic utility associated with different fishing methods. By studying these incentives, we aim to gain a better understanding how fishing regulations affect choices of whether and how to fish.
In addition to the direct influence fishing regulations have on economic utility and fishing choices, they can have an indirect influence through changes in the abundance of the fish population. For example, lax regulations may boost the utility of fishing in the short run but diminish it in the long-term if they result in a depleted fish stock that is difficult to catch. Thus, any study of how fishing regulations affect fishing behavior should also consider fish population dynamics via bioeconomic modeling.
Although considerations of incentives and fishing behavior apply broadly across all fishing activity, they are especially important for the recreational sector because of the indirect nature of regulatory control. Most fisheries management systems are based on stock assessments, which are translated into annual catch limits. These limits are then typically allocated among sectors. On the commercial side in more economically developed countries, achieving these limits has been made dramatically easier through the rise of limited entry programs and individual catch shares. With individual catch shares, the total annual sector allocation is divided among participants based on the amount of shares they own. We assume that each participant will fully utilize his or her share over the year, either by fishing or renting the share to someone else, resulting in a perfect match between regulation and sector allocation. This assumption is not perfect but is sufficient to have thus far inhibited any notable challenges.
With limited entry programs, a fixed number of participants are permitted to fish. A common system of control uses ‘trip limits,’ which sets maximum catches allowed per species over monthly or bi-monthly time blocks. Not all vessels achieve their trip limit each time block, and fishing activity may follow natural seasonal ebbs and flows based on availability of the fish stock, and weather and market patterns. Consequently, we cannot simply divide the sector allocation among vessels and time blocks. Instead, we have to estimate trip limits through models. These estimates are invariably imperfect. However, fisheries managed using trip limits in more economically developed countries typically have fairly rapid reporting of catches, allowing for in season adjustments.
In recreational fishery sectors, and commercial ones in less economically developed countries, the relationship between regulations and sector allocations is indirect and far murkier. In these sectors, catch reporting is rarely timely so that adjustments are difficult or impossible to make in season. These sectors are also typically formally or de facto open entry, so that the number of participants is unpredictable. Consequently, it is not immediately apparent how regulations must be adjusted in order to achieve any particular year’s sector allocation. Common practice is to estimate necessary changes by assuming fishing behavior will not change. Examples of this practice include assuming that changes to bag limits will merely affect discards, or changes in season length will have proportionate influence on catches.
To better understand the connections between fishing regulations, economic incentives and fishing behavior, and sector catches, we focus on boat-based saltwater recreational fisheries in the U.S. These fisheries are good choices because they embody many of the most significant challenges in setting regulations to achieve sector allocations. Participation is open to everyone; catch reporting is often delayed months or more, preventing in season adjustments; and regulations indirectly achieve the recreational catch allocation through bag limits, size limits, gear restrictions, and time and area closures. While embodying these challenges of interest, these fisheries are also often relatively data-rich, particularly by global standards. Primary target species have usually been formally assessed, providing estimates of stock status as well as parameters to build bioeconomic models. There are also extensive data on fish catches on a fishing trip level, allowing for models of expected catch and discards that account for regulatory frameworks as well as real-world catch patterns.
This project consists of three stages—modeling, economic research, and management application—and is currently in the model development stage. The stage includes two methods to quantify angler preferences, one stated and the other revealed; an analysis of historic fishing trips to describe previous catches (retained and discarded) in the form of statistical distributions; predictions of fishing behavior based on expected utility of fishing; and biological models that capture known population dynamics and address long-term effects of current regulations. The ultimate goal of the project is to advise managers on realistic options to adjust regulations in response to changing stock status. However, it also presents the potential to do important economic work on understanding the links between stated and revealed preferences, and between incentives and fishing behavior.
Methods
Stated preferences
Stated preferences were measured using discrete choice experiments. Surveys were sent to randomly-selected recreational license holders. Participants were offered choices among two hypothetical fishing trips along with a choice to do something other than saltwater boat fishing. Each of the hypothetical fishing trips was characterized in terms of the number, size, and species of fish caught and released, as well as the cost. Using a mixed logit regression model, participants’ choices were analyzed to reveal the utility attributed to various catch characteristics, including catch by size- category of each species, a catch-squared term for each species to allow for decreasing marginal utility or satiation, species-specific utility of releases, the intrinsic utility of each trip type, and the opt-out value of various options.
In a related project for the west coast of Florida, we are exploring an alternate approach to measuring stated preferences. Instead of providing discrete choices, anglers will be asked directly how much they expect their fishing effort to change associated with various regulatory modifications. Although the data on preferences would lack the same precision and nuances, the survey would be fast, simple, and inexpensive, and thus allow frequent follow ups to track changes over time.
Revealed preferences
While stated preferences via discrete choice surveys have notable advantages, particularly the ability to directly quantify utility parameters, they also have limitations. Despite careful design, participants may not answer truthfully or may have overly optimistic or pessimistic outlooks. Consequently, revealed preferences are worth exploring in addition to stated preference measures.
As a complement to the stated preferences surveys, we can analyze past effort patterns to quantify how anglers have responded to various forms of regulation. Although we haven’t started this analysis for the Northwest, we have been working on it for grouper fisheries off the west coast of Florida. We are analyzing boat-based hook and line fishing trips from 2003-present using data from the Marine Recreational Information Program (MRIP). Relevant data include trip level characteristics, such as date, landing site, distance offshore; effort information including hours fished and number of anglers; and catch characteristics, principally the number of fish caught, both retained and discarded, by species.
Because this database includes trips ranging from nearshore estuaries to far offshore and targeting a wide range of species, an initial challenge is to identify trips of interest for the fishery of interest. For example, if we want to estimate changes in catches of red grouper associated with regulatory change, we want our model of effort dynamics to reflect trips that had a reasonable likelihood of catching this species. Our first thought was to explore whether trips could be categorized by the species composition of catch. We summarized catches per trip focusing on the most frequently caught 154 species, and ran a principal components analysis looking for ways to simplify this parameter space to a much simpler one where a few axes, each consisting of weightings of each species, would describe most of the variance in the data.
Given the limited success of this method, we are exploring alternative approaches to categorize trips. The MRIP data include fields identifying what the target species is, which could help. However, there are some indications anglers won’t report a species as the target if they didn’t actually catch it. A more promising option we are using is based on the work of Stevens and MacCall (2004). Their technique is primarily used to identify species most commonly caught with a target, to then use trips that caught the associated species as realistic ones to have caught the species of interest. However, there are richer techniques that take species associations into consideration as well as trip characteristics. These techniques are being explored.
Once trips have been categorized, even if it into broad categories (offshore fishing, for example), we will then summarize the amount of fishing effort of each type expended over time. We can then analyze the time series data for factors that correlate with changes in effort. Likely candidates we have data for include: gas price, weather conditions, and species abundance. In addition to these other factors, we will include ones for specific types of regulatory changes. The goal will be to have a set of parameters that helps us to predict what effort will likely be given known factors, particularly new regulations. This modeling effort can complement stated preference efforts in predicting behavioral responses to changes in stock abundances and fishing regulations.
Catch and utility per trip
Our ultimate goal is to estimate how recreational catch and discards will change as a function of regulations. We do so by modeling relationships between regulations and the utility of various fishing trips, this utility and fishing effort, and this effort and catches. In order to estimate the utility of trips, we need to combine the utility of various catch characteristics with the expected catch for each trip type. Trip types included estuary (Puget Sound for Washington) or ocean, and those that targeted salmon or bottomfish. The revealed preference analysis mentioned above offers potential to refine trip types further in the future.
We modeled expected catch based on observed catches reported at the trip level by state government fisheries departments. These data were used to construct statistical distributions of catches for each species on a trip. We estimated parameters for regular and zero-inflated probability distributions and compared the fits under assumptions that the non-zero components were Poisson or negative binomial, selecting the best using Akaike Information Criteria (AIC). In estimating each fit, we further used AIC to determine the inclusion of parameters for wave, boat type (private or charter), and stock abundance for selected species.
Stock abundance is potentially important in determining expected utility per trip type because changes in abundance can affect expectations of catches. Our goal is to include a stock abundance term for all bottomfish. This factor may be especially important for the West Coast in recent years because of successful completion of several rebuilding plans. We do not pursue this approach for salmon because of the overriding influence of environmental conditions (on wild stocks) and hatchery capacity (on cultured stocks) on their abundance. In future models, we may incorporate some estimates of smolts into near-term catch expectations.
Once we have parameters to model expected catch per trip type, we can use the utility parameters that come from preference research to estimate expected utility per trip type. We then assume that trips occur in relative proportion to their expected utility. Doing so requires a bit of tuning because we only observe positive choices to fish and not choices to opt-out. Making this adjustment is simply a matter of scaling. When projecting into the future, we assume the number of choice occasions is static, although it would not be difficult to adjust for known trends based on criteria such as increasing human density along the coast.
Biological modeling
For stocks where expected catch is a function of abundance, we need population dynamic parameters to model changes in abundance, along with estimated future fleet selectivities and commercial catches. Fortunately, virtually all federally-managed stocks in the U.S. are now assessed with Stock Synthesis, which uses input and generates output files with consistent formatting. By identifying unique key phrases in the comments of Stock Synthesis input and output files, we can search and grab relevant parameter values. Better yet, the R4SS statistical package already does much of this work. Since it is actively used by the stock assessment community, it is quickly updated whenever Stock Synthesis is revised, thus allowing a future operational version of this model to rely on this work to keep itself updated.
With the relevant parameters, we model stock growth according to the parameterization of the assessment: typically an age-structured population model or a surplus production model. We model commercial catch based on recent catch patterns but potentially modified if changes are expected in the quota. Finally, recreational catches are estimated by inputting desired regulations, and predicting the number of fishing trips based on our utility analysis and an annual update of stock abundance.
Results
Stated preferences
Approximately 8,000 potential participants were contacted in Oregon and another 8,000 in Washington. The effective response rate was approximately 50% in both states. Utility was highest for catches of larger fish, with preferences for halibut over lingcod over salmon over rockfish. Some degree of decreasing marginal return was seen for each species, with the degree of satiation paralleling the ranking of utility per species. Utility was reduced for released fish as compared to retained ones.
The coefficients that resulted from these analyses were then used to estimate the utility associated with each trip type under varying management scenarios.
Revealed preferences
[bookmark: _GoBack]To date, we don’t have many results. However, we did complete the principal components analysis on species composition of catch. To be useful, we should have a first principal component axis that explains a substantial amount of variation, 50 percent or more would be ideal; and a second that explains a substantial amount more, perhaps another 30 percent. In our case, each axis explained very little: the first only 1.6 percent of the variation, and 66 were required to collectively explain 50 percent. These results suggest that species composition does not allow for categorization of trips into clean and discrete categories.
Catch and utility per trip
In about 60 percent of cases, catch-per-trip was best modeled using a zero-inflated negative binomial distribution. Non-zero-inflated negative binomial and zero-inflated Poisson were the best fit in 15 to 20 percent of cases, and less than 5 percent were fit best using non-zero-inflated Poisson. The key reasons for these patterns were a large number of trips with zero catch—justifying the zero-inflated assumption, and estimated variances that were larger than the mean—justifying negative binomial (in Poisson distribution, the mean and variance have the same value). Table 1 shows preliminary parameter estimates and is a work in progress.
