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Shared natural resources are vulnerable to overexploitation. Countries have established national borders on land and exclusive economic zones (EEZs) in the world's oceans in part to better control exploitation of local resources, but transboundary resources—those that span multiple national jurisdictions—are still subject to incentives for overextraction. We investigate the magnitude and distribution of this “transboundary problem” as it manifests in global fisheries. We show that internationally-shared fisheries exhibit lower relative abundance, on average, than those contained in single EEZs, even in the presence of extraction agreements and modern management practices. Additionally, for the first time we show that the degree of sharing—the number of countries sharing a resource and the spatial balance of each country's share—matters in driving the severity of the transboundary problem. Alleviating the transboundary problem for the fisheries we investigate would result in an estimated 4 to 17 million metric tons more fish in the ocean. In the future, growing human demand and climate change will likely exacerbate pressures on transboundary resources, requiring coordinated international governance solutions.
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1. INTRODUCTION

When natural resources span international boundaries, competitive incentives between nations can result in overextraction (Munro, 1990; Bailey et al., 2010; Hannesson, 2011). Much like the classic tragedy of the commons (Hardin, 2009), as the benefits of resource extraction are enjoyed individually, but the costs of overexploitation are shared collectively, there is little motivation for countries to extract their fair share of a resource that spans multiple national jurisdictions (Barrett, 2003). Countries with access to these transboundary resources have an incentive to capture available economic benefits strategically, and so excessive harvest takes place and the resource becomes overexploited.

In the ocean, the introduction of national exclusive economic zones (EEZs) as part of the UN Convention on the Law of the Sea was meant in part to give countries more control over “their” marine resources (Hannesson, 2011; Nordquist, 2011). The problem is that borders over water lack actual physical obstacles, and hence a variety of jurisdictional arrangements arose: resources can be contained in just one EEZ, span two or more EEZs (i.e., transboundary), migrate between EEZ's and the high seas (known as straddling stocks), or be solely contained in the high seas, outside of any EEZs. Despite the clear limits to access, these marine jurisdictions increased incentives for socially inefficient extraction by intensifying competition between incumbents (Schaefer, 1995; Maurihungirire, 2008).

This transboundary resource problem is not unique to the ocean. Managers of internationally-shared natural resources in many ecosystems have struggled to achieve sustainable management. In terrestrial systems, the problem manifests in the difficulties of sharing lake and river water resources, in the threatened status of many migratory species, and in the overexploitation of forest resources across the world (Katerere et al., 2001; Kliot et al., 2001; Sanchez and Roberts, 2014).

The transboundary problem in fisheries will likely worsen in coming years. The number of countries participating in fishing, and the overall number of shared fisheries, have steadily increased during the second half of the twentieth century, creating additional competition for biologically limited resources (Teh and Sumaila, 2015). In addition, climate change is causing species to shift their natural distributions (Pinsky et al., 2013), which exacerbates transboundary issues even further and increases the need for effective international management (Cheung et al., 2012; Pinsky et al., 2018).

These issues have not gone unnoticed, and nations pursue the establishment of multinational commissions and agreements to manage the sharing of valuable transboundary resources. In transboundary forestry management, for example, organizations like the International Tropical Timber Organization have endeavored to promote the sustainable harvesting of timber resources and control the timber trade (Poore, 2003). In the case of fisheries, multilateral efforts such as the Regional Fisheries Management Organizations (RFMOs) for tuna, or South Pacific Regional Fisheries Management Organization for jack mackerel and jumbo squid have been implemented, particularly to manage high-value fish species (Schiffman and MacPhee, 2014; Seto et al., 2021). Another approach has been the implementation of transboundary “peace parks” in both terrestrial and marine systems as an attempt to foster cooperation while contributing to the preservation and sustainable extraction of natural resources (Timothy, 1999; Lysenko et al., 2007; Mackelworth, 2012). Evidence on the effectiveness of these management approaches is mixed (Cullis-Suzuki and Pauly, 2010; Pons et al., 2018).

Recognizing the complexity but increasing urgency of the transboundary issue, this study aims to improve our existing understanding of the problem in a marine setting, as applied to fisheries. Previous research on transboundary marine natural resources has primarily asserted the problem in theoretical terms (Bailey et al., 2010; Munro, 2010; Hannesson, 2011), investigated the performance of management bodies tasked with governing resource extraction (Agrawal, 2001; Cullis-Suzuki and Pauly, 2010; Pons et al., 2018; Seto et al., 2021), or predicted the future effect of climate change on the number of transboundary species (Pinsky et al., 2018). In one empirical study, McWhinnie (2009) showed that the number of countries reporting to exploit a fishery is associated with an increase in the probability of that fishery being classified as “overfished” by the Food and Agriculture Organization of the United Nations (FAO). More recently, Palacios-Abrantes et al. (2020) assessed the revenue garnered from transboundary fisheries, finding that transboundary resources are important economic mainstays for many global nations.

While theoretical studies have predicted that transboundary resources are susceptible to becoming overexploited relative to non-shared resources (Munro, 1990; Hannesson, 2011), and analyses of existing fisheries data have pointed to the economic value of species whose distributions span international borders (Palacios-Abrantes et al., 2020), no studies to our knowledge have brought these two lines of evidence together to specifically identify the magnitude of the effect of transboundary sharing on the expected status of exploited marine species globally. Specifically, we tackle the question: What is the effect of being transboundary on the abundance and odds of overexploitation of marine fisheries resources, relative to non-shared resources? Answering this question provides two contributions that are currently missing in the literature. First, we empirically estimate the effect of international sharing on fish abundance. Second, we show that asymmetric spatial distribution matters when it comes to the transboundary problem—a result that had been previously suggested by economic theory (Hannesson, 2011; Costello and Molina, 2021), but had not been validated. Using these data, we are able to more accurately describe the distribution of the transboundary problem across world regions, as well as estimate total fish abundance attributable to transboundary competition.

Empirical estimation of the transboundary problem requires data on resources that geographically span multiple national jurisdictions, with known conservation and exploitation status. Mindful of this requirement, we utilize a spatially-explicit panel data set that covers approximately half of all globally reported fishery landings, and ask whether there are differences in population size (relative to sustainable levels) between shared and non-shared fish stocks (stocks are demographically self-contained populations of fish species that are defined by fisheries managers). Our theoretical basis (see section 1 in Supplementary Material), building on the work of others (Christy, 1982; McWhinnie, 2009; Munro, 2010; Hannesson, 2011), shows that internationally-shared renewable resources will be exploited to lower levels than those solely owned, even in the presence of altruistic nations. Applied to global fisheries, our expectation is that harvested, transboundary fish stocks have lower relative abundance than their non-shared counterparts, even after controlling for differences in fisheries management such as the presence of international management programs or rights-based fisheries management. We empirically test this expectation using spatially-explicit global data on fisheries status and management programs.

A study of this type comes with several challenges. Most importantly, we need a credible measure of fish stock status that is comparable across diverse stocks. Second, we need to be able to distinguish the transboundary effect for species' distributions that span the high seas—those areas of the ocean outside any country's EEZ—from the effect of sharing across national EEZs. Third, we need to account for differences in species' intrinsic biological characteristics to ensure credible comparisons between fish stocks. Fourth and final, different fish stocks can be governed by one or more management programs of different types that affect their status separately from any transboundary effects.

To address these challenges, we compile data on the abundance and biological characteristics of global fish stocks from scientific stock assessments, and combine them with data describing known fishery management programs and spatially-explicit species distributions. Fish stock spatial distributions are exogenous to political borders and do not require national catch statistics to determine which nations may be partial “owners” of a fish stock. To investigate fish stocks' relative abundance and biological characteristics, we utilize the RAM Legacy Stock Assessment Database, the world's most complete and scientifically robust database of fish stock status (Ricard et al., 2012). Combining these data on the population size and spatial distribution for 213 global fish stocks and 297 combinations of stock and management programs representing 47 percent of all global capture fisheries production since 1980, we build a unique global panel data set and use it to analyze whether shared fish stocks are systematically exploited to lower population levels than non-shared stocks.



2. MATERIALS AND METHODS


2.1. Data

The data we use in the analysis come from matching spatial and temporal data on fish stocks to a spatial map of global Exclusive Economic Zones (EEZs). The fisheries status data come from the RAM Legacy Stock Assessment Database v. 4.44 (Ricard et al., 2012). The RAM database compiles data from stock assessment documents that estimate annual biomass (fish population or stock size) of exploited fish stocks. These data have been used extensively in previous studies to assess the effectiveness of different types of management (Melnychuk et al., 2012); to establish the current status of fisheries around the world (Hilborn et al., 2020); and to project likely effects of future fisheries management approaches (Costello et al., 2016). Every stock assessment included in the database is submitted by the scientists or agencies that perform the assessments. Scientific stock assessments can be performed either at the national (e.g., the National Marine Fisheries Service in the United States) or international (e.g., ICES in the European Union) level. Each is quality checked by RAM database administrators. This being the case, the stock assessments represent the best scientific knowledge of the biological and exploitation status of each included stock. Although this aspect of our data means allows for rigorous statistical analysis, it likely also means that our sample is biased toward fisheries that are generally well-studied and well-managed, relative to fisheries that are not scientifically assessed.

Fish stock spatial distributions are adapted from Free et al. (2019), who estimated and digitized spatial boundaries of fish stocks from many of the same published stock assessments as used for our measures of stock status. We match these stock distributions to EEZs spatially, by counting the number of 1-square-kilometer cells that overlap each EEZ. An example stock distribution is shown in Figure 1. The resulting proportions of stock distributions within EEZs are used to derive transboundary variables for statistical analysis (see next section).


[image: Figure 1]
FIGURE 1. Example of transboundary stock. This pollock (also known as saithe) stock spans the EEZs of Iceland, the United Kingdom, and the Faeroe Islands. The stock also spans the high seas, outside of any national EEZ.


Fishery management, although not the explicit focus of this study, is important in driving fish stock status (Melnychuk et al., 2012). To control for the effect of different fishery management programs, we restrict our panel to all fish stocks that have transitioned into one or multiple known rights-based management programs (also known as catch shares or output-based management). Although the choice to restrict our panel in this way reduces the total number of fisheries we can analyze, it also helps to avoid the pitfall of omitted variable bias in cases where the implementation of a given management program is correlated with our variables of interest. Information on rights-based management programs is extracted from a database maintained by the Environmental Defense Fund's Fishery Solutions Center (Bonzon et al., 2010). Matching fish stocks to management programs results in some fish stocks being assigned to multiple management programs, which we treat as separate observations. The final panel contains 213 unique fish stocks and 297 unique combinations of fish stocks and management programs. Because of data limitations, for stocks managed under multiple management programs, we cannot determine with certainty the percentage of stock biomass or catches directly attributable to each individual program. Therefore, we keep each fish stock-management program combination as a separate observation.



2.2. Spatial Thresholds

Because we directly relate fish stock spatial distributions to EEZ borders, we have to decide what constitutes whether a country is one “owner” of a fish stock. If, for example, one percent of a fish stock's spatial range lies within a country's EEZ, does that imply that the country has true access to the stock, with all of its associated incentives? To tackle this ambiguity in the transboundary categorization, we use the fish stock ranges to define a minimum percentage of each stock's spatial range that must be present in an EEZ in order for that EEZ to be included as one owner of the fish stock. We construct multiple of these “spatial thresholds” from 0 to 25 percent to test the effect of this choice. Accordingly, through our spatial analysis, we are also able to distinguish between different types of stocks, including those that are non-transboundary (i.e., stocks not spanning multiple EEZs). For example, we can identify stocks that span two or more EEZs but do not span the high seas, or stocks that occur only in the high seas and not within any EEZs.



2.3. Linear Transboundary Effect on Abundance

The theory (see section 1 in Supplementary Material) suggests that transboundary resources will be overexploited, even in the presence of extraction agreements. To test these predictions empirically, we estimate a linear random effects model applied to the panel data set describing stock status over time for the 213 fish stocks from years 1990 to 2018. Because some fish stocks are managed under multiple different management programs, the unit of observation is a unique fish stock-management program combination i, which is fished in FAO region r in year t. The associated model is:

[image: image]

Y is the response variable, B/BMSY. B/BMSY is the measure of fish population abundance (measured as biomass) relative to each fish stock's biomass that would give rise to maximum sustainable yield, BMSY. The measure of B/BMSY for each stock is drawn directly from the RAM database, and is not aggregated or altered from its reported form. SHARED is a binary indicator that takes a value of one if a fish stock is shared by more than one Exclusive Economic Zone (EEZ) after the implementation of EEZs as a result of the 1982 Law of the Sea Convention. EEZ and HHI are two further measures of the extent of stock distribution across national jurisdictions. EEZ measures the total number of EEZs that a stock is distributed over and takes a value of 0 when a stock is distributed only in the high seas, outside any national jurisdiction. HHI denotes Herfindahl-Hirschman Index (HHI), and it is a measure of the relative concentration of the stock's range across its constituent EEZs. The HHI is computed on the proportions of each stock's spatial distribution captured by different EEZs. Conceptually, HHI increases with a decreasing total number of EEZs and with increased concentration of a fish stock within fewer EEZs. β, γ, and δ are the parameters of interest and denote the average change of status if a stock is shared, distributes over an additional jurisdiction, or becomes more concentrated in one nation, respectively. Our analysis estimates these three parameters separately.

HS is a binary variable that denotes whether a meaningful proportion (defined by the spatial threshold) of the stock's distribution lies within the high seas, outside of any national EEZ. Λi is a vector of stock-program characteristics (i.e., species category and biological life-history parameters). MGMT is a vector of management programs categories that indicates which type of management is in place for stock-program combination i at time t, as well as if there are multiple programs in place for that stock. Xrt is a battery of year, FAO region, and yearly by FAO region dummies. Finally, ϵ is the error term of the model. Serial correlation is controlled for via quasi-differentiation and standard errors are clustered by FAO region to account for spatial correlation.



2.4. Odds of Overexploitation

In addition to the linear model described above, we also perform a panel probit analysis to test for the odds of a given stock becoming overexploited. In other words, we test the odds that relative abundance B/BMSY falls below 1 (see Supplementary Material for additional thresholds). The model assumes that the individual random effect, vi, is distributed normal [image: image]. Grouping the above variables into vector Zit and coefficients into vector Θ:

[image: image]

with
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where Φ is the cumulative distribution function of the standard normal. It follows then, that the likelihood function would be given by:

[image: image]

Estimated coefficients are derived from the maximization of [image: image] over Θ and σv. Standard errors are clustered by FAO region assuming idiosyncratic shocks are uncorrelated across clusters. We estimate the linear and panel probit models above for spatial thresholds from 0 to 25 percent. Note that the choice of threshold affects the calculation of SHARED, EEZ, HHI, and HS in Equations (1) and (4).



2.5. Distribution of Transboundary Fisheries

We use all documented fish stock distributions (Free et al., 2019) (comprising 780 stocks), not just those that match known fishery management programs, to map the prevalance of transboundary stocks across regions of the global oceans. To obtain proportional prevalence of transboundary stocks for each region, we divide the number of stocks that span two or more EEZs by the total number of stocks spanning that region. From this denominator, we exclude stocks that are exclusively contained within the high seas.

Additionally, we use estimates of the transboundary effect from our statistical models to calculate the total effect of the transboundary problem on fish abundance for the fisheries in our analysis. Keeping all control variables constant and using spatial thresholds of 10 and 15 percent, we estimate the difference between the status quo and a theoretical setting where all stocks are non-shared (applying estimates from specification 8 in Supplementary Table 6). In simple terms, we calculate the difference in the total abundance of the fish stocks in our analysis between worlds with and without the transboundary problem.




3. RESULTS

We find robust and statistically significant evidence that fish stocks spanning multiple EEZs have lower relative abundance than those contained within single EEZs. Compared to non-shared stocks, transboundary fish stocks have on average lower relative abundance (B/BMSY) and are more likely to be exploited beyond their maximum sustainable yield, which we refer to as “overexploited” (Figure 2).


[image: Figure 2]
FIGURE 2. Estimates of the transboundary problem in marine fisheries. All plots show the estimates as a function of the minimum threshold percentage of a stock's spatial distribution that must be present in each containing EEZ. The top row (A–C) shows the linear regression estimates on abundance, measured as B/BMSY, while the bottom row shows the standard deviation change in the predicted probit index on the odds of a stock being overexploited, measured as B/BMSY < 1. Columns show effects of a stock being contained in at least 2 EEZs (A,D), the effect of each additional EEZ (B,E), and the effect of the stock's relative spatial concentration across EEZs (C,F). Note varying y-axis scales.


Fish stocks shared across multiple EEZs have, on average, a lower B/BMSY than those contained in a single jurisdiction at any given point in time (Figure 2A). Specifically, regression estimates indicate that the B/BMSY of a transboundary stock is, in average, between 0.26 to 0.48 lower than a non-transboundary stock, after controlling for management, location, year and species' characteristics. These results are consistent at spatial thresholds greater than 5 percent. Furthermore, each additional EEZ has increasingly detrimental effects on the expected abundance of a stock (Figure 2B).

The spatial distribution of a fish stock's range across its containing EEZs also affects its abundance. The Herfindahl-Hirschman Index is commonly used as a metric to describe market concentration, and in our formulation it measures the concentration of each fish stock's range across EEZs. The HHI metric is greater when a stock is contained within fewer EEZs, or when a stock's range is unevenly distributed across EEZs (i.e., more concentrated). We find that a greater HHI counteracts the negative transboundary effect (Figure 2C). That is, more concentrated stocks exhibit greater abundance (on average) than stocks that are more evenly distributed across the same number of EEZs.

Overall, our results for transboundary effects on abundance are consistent at spatial thresholds greater than 5 percent. By varying the threshold, we investigate the sensitivity of transboundary effects to our definition of sharing. Because the threshold determines the proportion of a stock's range that must be present in an EEZ for that EEZ to be considered a fish stock owner, changing the threshold affects which stocks are classified as shared and alters the number of owners of each stock (see Supplementary Material). Our estimates are most consistent under spatial thresholds of 10, 15, and 20 percent. It is also worth noting that a majority of our transboundary stocks for thresholds above 5 percent come from the Northeast Atlantic region. This pattern could create problems in inference if this regional balance is not controlled for, thus our choice to explicitly include spatial controls and account for spatial correlation.

Along with having a lower relative abundance, transboundary stocks are more likely to be overexploited (Figures 2D–F). However, this result is less consistent across thresholds. The changes in the predicted probit index shown in Figures 2D–F reveal that for spatial thresholds between 10 and 20 percent, shared stocks and stocks spanning additional EEZs are more likely to be overexploited (B/BMSY < 1) compared to non-shared stocks. For other thresholds and for the effect of HHI, the transboundary effect on the odds of overexploitation is indistinguishable from zero. Although the point estimates for the effect of HHI are predominantly negative—a direction that would be consistent with results from the abundance regression—the data lack sufficient variation to more precisely identify an effect. Additional results for more severe definitions of overexploited (B/BMSY < 0.8 and B/BMSY < 0.6) are available in the Supplementary Material. These results are consistent with the results for abundance, and indicate that sharing increases the likelihood of overexploitation, while increased stock concentration (HHI) decreases that likelihood. The results of both types of statistical models are robust to many specifications, including the inclusion or exclusion of fixed effects for species life-history traits, world (FAO) region, and type of management (see Supplementary Material).

Utilizing the full dataset of 780 stock spatial distributions to calculate the proportion of fish stocks that are transboundary across world regions, we find that the transboundary burden is greater in some regions than others (Figure 3). Some regions have a low proportional burden of transboundary stocks, such as North America, where large fishing nations like Canada and the United States control enormous national EEZs. However, some regions are at much greater risk of negative transboundary effects, most notably in Europe and the eastern Atlantic.


[image: Figure 3]
FIGURE 3. Proportion of transboundary species within major Food and Agriculture Organization fishing regions. Proportions are calculated among 780 fish stocks with known spatial distributions, including stocks that have spatial distribution information but not enough data for the full panel regressions. A threshold of 10 percent is used to designate transboundary stocks.


We also calculate the total global burden of the transboundary problem, using the estimates of the transboundary effect from a model that includes all biological, regional, and management controls. Averaging across the most recent 10 years for each fish stock, we find that wasted biomass due to the transboundary effect amounts to approximately 4–17 million metric tons (MMT) annually in decreased biomass relative to a setting where no fisheries are transboundary. This result is driven in part by large, transboundary European fish stocks, with 10 stocks accounting for approximately 95 percent of the estimated gain. Notably, because we only have stock status and transboundary information for a subset of fish populations, this estimate is only for the fisheries in our regression analyses, a sample comprising about half of all globally-reported fisheries landings (FAO, 2020).



4. DISCUSSION

A main goal of both fisheries management and marine conservation is to ensure the resilience of marine ecosystems and the sustainability of marine resources for the benefit of future generations. Extensive exploitation of valuable species is a phenomenon driven by complex linkages between ecological and human behavioral dynamics. In recent decades, though, overfishing in particular has been recognized and tackled with effective management tools on the national scale in many nations (Hilborn et al., 2020). However, our results suggest that the enclosure of ocean regions via the establishment of EEZs is not absent of complications, and could create competitive incentives that result in another pernicious effect: the transboundary problem.

When fish stocks are distributed across multiple national EEZs, competitive access creates incentives for over-extraction, leading to lower relative abundance. Furthermore, expected fish stock abundance declines—and likelihood of overexploitation increases—progressively with every additional EEZ the stock spans. In sum, the establishment of EEZs defines national property rights governing the extraction of resources from the ocean, but resources whose natural distributions cross EEZs are still subject to competition between nations and are at additional risk of overexploitation. We estimate that the total annual biomass loss to this sort of effect, across the fisheries examined in the study, is between 4 and 17 MMT. This effect persists despite the presence of scientific stock assessments and rights-based fisheries management in the fisheries we studied. Note, however, that our estimate only encompasses a subset of all global fisheries, and as such is a rough approximation of a dynamic phenomenon. Nevertheless, placed in context, our estimate ranges between values equal to the total annual marine harvests of the United States (4.72 MMT) and China (12.7 MMT), who rank sixth and first, respectively, among all nations in fisheries production (FAO, 2020).

Recent research (Melnychuk et al., 2012, 2017) has shown clearly that scientific stock assessment and strong fisheries management controls—including rights-based management—affect the biological status of fish stocks. In general, assessed fisheries with intensive management are at or near target biomass levels (Hilborn et al., 2020). Since we include in our analysis only these type of stocks, it is likely that our results are conservative. That is, our estimates represent a lower bound on the extent and magnitude of the global transboundary fisheries problem, and the inefficiencies we identify are only expected to be worse for unassessed or unmanaged fisheries spanning multiple jurisdictions.

Although our analysis is global in scale, clearly not all transboundary fisheries situations are equivalent. To the extent possible, we queried a range of definitions of “transboundary” in our analyses, including varying the spatial threshold required for stock ownership and investigating the effect of multiple measures of transboundary: binary sharing (i.e., is a resource shared or not), total number of EEZs, and relative stock concentration across EEZs. Although the significance of the transboundary effect is consistent across most model specifications, our results also highlight important nuances that should be incorporated in any future studies on transboundary effects. For example, one key choice and contribution of our study is to allow the spatial threshold required for stock ownership to vary. In practice, defining transboundary fisheries using a very low threshold means that a large number of stocks are categorized as shared, but at the same time the proportion of the stock spanning a second or third EEZ may be extremely small (e.g., 0 to 5 percent of its range). The competition effect in such cases may be minimal, as stocks marginally overlapping additional EEZs would be classified as shared but may perform as if they were completely enclosed in just a single EEZ. Consequently, the degree and nature of shared ownership matters at least as much as the binary condition of whether or not a resource is shared. Our estimates for the effect of relative stock concentration (HHI) support this conclusion as well—fish stocks spanning the same number of EEZs, but concentrated among those EEZs differently, have different expected outcomes.

Tackling the transboundary problem from a management perspective will require honest policymaking on an international scale. The management of transboundary fisheries is likely hindered by complex sociopolitical considerations such as national sovereignty and culture, the cost of negotiation, and the burden of enforcement. While we identified the magnitude of the transboundary effect in many global fisheries, these barriers to effective management are important avenues for further interdisciplinary research. Although our sample is biased toward large, scientifically assessed fisheries, we found that, in our sample, Europe and other parts of the eastern Atlantic are predominant regions for transboundary fisheries. These are regions where intensive institutional endeavors to coordinate fisheries management (e.g., the Common Fisheries Policy in Europe) have continued to struggle to achieve sustainable fisheries management (Brooks et al., 2016; Belschner et al., 2019). While these sorts of institutions are required to guide the development of transboundary harvest policies, we have shown that solving the transboundary problem is not trivial—indeed, the transboundary effect persists even among the world's best-studied and best-managed fisheries.

These results are concerning, but progress has been made and successes have occurred in some fisheries. For instance, the Northeast Arctic cod stock has been rebuilt by the joint efforts of Norway and Russia (ICES HQ, 2016). Elsewhere, although tuna Regional Fisheries Management Organizations continue to wrestle with issues around national sovereignty, equity, and scientifically-based allocation decisions (Seto et al., 2021), many highly migratory tuna stocks are harvested at sustainable levels (ISSF, 2020). These fisheries, however, remain the exception rather than the rule. Furthermore, with climate change likely to alter the distributions (and consequently, the owners) of fish stocks (Pinsky et al., 2013), international policies will become increasingly critical for appropriately managing shared marine resources (Gaines et al., 2018).

Finally, the oceans are certainly not the only place where the transboundary problem exists, or where it will continue to arise, and our analysis provides important general insights for shared resources. Biodiversity conservation, the conservation of wide-ranging birds (Wolf et al., 2006; Yong et al., 2018), and international river management (Zeitoun et al., 2013) are all endeavors that struggle with the same transboundary challenges as marine fisheries. More than one third of high-biodiversity terrestrial sites span international borders, and the issues with transboundary resources can pose severe implications for the conservation of forests and sensitive megafauna. Just as importantly, the United Nations estimates that more than 140 nations share common lake and river basins, and that 300 transboundary aquifers helping serve two billion people are currently classified as internationally shared groundwater access (UN Water, 2008; Vasilijević et al., 2015). Across the world, transboundary resource management is hindered by institutional and political challenges, including balancing national self-interest with overall resource sustainability and appropriately empowering multilateral management bodies. In an increasingly resource-stressed world, a key direction for future research is to combine an understanding of the dynamics of transboundary natural resources with the implications of the transboundary problem for equity and development.

Our analysis describes the outcomes when marine resources are shared across international boundaries. We provide evidence that internationally shared fish stocks are systematically more likely to be overexploited and have lower relative abundance than resources solely owned by one nation. Solving the transboundary problem in natural resource management, whether it be in the oceans or on land, will require careful international governance solutions.
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