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Introduction

Social-ecological systems (SES) recognize the intricate relationship between human activities and the environment and advocate for comprehensive approaches to address complex environmental issues. This study investigates the factors influencing whale watching, particularly the gray whale (Eschrichtius robustus) in northern Mexico, after significant recovery following overexploitation. Despite reaching a peak in 2015, the eastern North Pacific gray whales experienced unusual mortality events (UME), the most recent from 2019 to 2023, leading to a population decline and historically low calf production in 2022. This decline is evident in the reduced presence of whales and calves in winter breeding lagoons. Concurrently, whale watching has become a significant tourist attraction in these areas.





Methods

Our objective was to develop a mental model of the SES of gray whale watching, integrating ecological and socioeconomic data to identify key variables and interactions that support system resilience. From an ecological perspective, we analyzed the long-term temporal trends of eight years of gray whale counts in the southernmost breeding and nursing lagoons within the Bahía Magdalena–Bahía Almejas Complex, Mexico. Additionally, we incorporated the current discussion in the literature about the potential impact of global climate change on gray whale populations. In the socioeconomic subsystem, we used participatory methods, including interviews, surveys, and workshops with government officials, tourism operators, and visitors. We also added on-site assessments of compliance with welfare regulations to understand tourism dynamics. 





Results

Our findings identified as main external stressors the changes in ice levels in feeding areas and sea warming in breeding areas, and as internal stressors the compliance with official regulations and the number of vessels observing whales at the same time. The key socioeconomic factor of the system was tourist satisfaction, influenced by factors such as the quality of the information provided by operators. 





Discussion

Ultimately, our mental model provides a framework for further exploration of relevant interactions and trajectories, offering insights for developing effective management strategies.
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1 Introduction

Social-ecological systems (SES), often referred to as social-ecosystems, emphasize the intricate interplay between social and ecological elements, recognizing the inherent connection between human activities and the natural environment (Mehring et al., 2017). This interconnectedness demands an integrated research and management approach to effectively address complex environmental challenges (Hummel et al., 2017; Mehring et al., 2017). Analyzing environmental issues within an SES framework offers insights into how ecosystem benefits support society amidst changing conditions, facilitating adaptive management strategies against climate change, biodiversity loss, and other environmental challenges (Hummel et al., 2011).

Nature-based tourism systems involve direct and non-linear hidden interactions between socioeconomic and ecological components (Biggs et al., 2012). Understanding these complex relationships and involving humans as an integral part of the ecosystem is crucial for promoting environmental conservation, identifying systemic alterations, and guiding sustainable practices (Schlüter et al., 2012). Studying the interactions between recreational activities and wildlife as social-ecological systems has helped delineate the positive, negative, and neutral effects to achieve a balance between human needs and the protection of natural ecosystems (Miller et al., 2022). Nature tourism, such as whale watching (WW), serves as a prime example of an SES where communities are intricately linked to whales and their habitats, forming cohesive and integrated systems (Reyers et al., 2018; Rodríguez-Izquierdo et al., 2019; Sousa et al., 2023).

SES are characterized by operating across diverse spatial, temporal, and social scales, requiring transdisciplinary approaches for understanding and intervention (Levin, 1998; Levin et al., 2013; Liehr et al., 2017). SES are complex adaptive systems that, when faced with stressors, can undergo regime shifts (Levin et al., 2013). It is, therefore, important to understand the system’s capacity to absorb disturbances and continue functioning (Walker et al., 2004). This type of analysis is possible through the study of specific resilience in SES, which involves identifying the specific boundaries of a system that, if exceeded, could lead to a change in its functioning, thereby affecting its overall dynamics (Carpenter and Gunderson, 2001). When the goal is adaptive capacity, the study of specific resilience helps to understand the behavior of the system under certain stressors and also allows for the development of specific actions to guide that part of the system toward a desirable state (Li et al., 2020). In particular, ‘resilience thinking’ describes the important qualities a system must maintain or enhance to progress towards a more desirable state, typically aiming for a more sustainable social-ecological system while enduring a series of changes to withstand the impacts of stressors (Folke et al., 2010; Walker and Salt, 2006).

Recently, some studies have demonstrated that one of the primary stressors threatening whales and their observation is global climate change (GCC) (Lambert et al., 2010; Schumann et al., 2013; Salvadeo et al., 2015; Sousa et al., 2023). Certain whale populations, which are tourist attractions during their migration or in their breeding and nurturing areas, are directly impacted by global climate change (Lambert et al., 2010; Sousa et al., 2023). These impacts range from distribution and migration patterns shifts to effects on nutritional status, reproductive success, abundance, and population structure (Moore and Huntington, 2008; Schumann et al., 2013). Of particular concern is the population of the eastern North Pacific gray whale (Eschrichtius robustus), known for one of the world’s longest migrations, covering approximately 11,000 kilometers across more than 40 degrees of latitude (Swartz, 1986). This migration exposes the whales to extensive climatic gradients influenced by various environmental phenomena. Gray whales migrate to Baja California Sur, in Mexico, to mate, calve, and rear their young in warmer waters during the winter months, particularly in lagoons such as Laguna Ojo de Liebre (the northernmost breeding area), Laguna San Ignacio, and the Bahía Magdalena–Bahía Almejas Complex (BMAC; the southernmost breeding area) (Swartz, 1986). These areas are crucial for their survival and reproductive success but are vulnerable to the impacts of climate variability and change, such as alterations in sea surface temperature (SST) during warm and cold periods of the El Niño-Southern Oscillation (ENSO) and changes in ice levels in the Arctic (Gardner and Chavez-Rosales, 2000; Urbán et al., 2003a; Salvadeo et al., 2015).

This population has recovered from historical overexploitation and reached its maximum environmental carrying capacity (maximum population size that can be sustained under the area’s climatic conditions for feeding) by the late 1990s, and population levels peaked in 2015 (Eguchi et al., 2023a; Moore et al., 2001). However, due to a significant increase in the number of stranded dead whales, at least two Unusual Mortality Events (UME) were declared for this population, one from 1999 to 2001 attributed to exceeding the carrying capacity of the feeding areas and a second one from 2019 to 2023 (Eguchi et al., 2023a). Population size estimates conducted by NOAA NMFS-SWFSC during the recent Unusual Mortality Event (UME) reveal that the number of eastern North Pacific gray whales had reached a minimum level comparable to that of the 1970s, when whaling effects were more recent and estimates were below 15,000 gray whales. A notable difference in whale population estimates between 2016 (27,000 gray whales, 95% CI: 24,420–29,830) and the 2022-2023 season (14,526 whales, 95% CI: 13,194–15,858) indicates a 46% decline over the past seven years (Eguchi et al., 2023a). The production of calves reflects a more dramatic state; the historically lowest estimate of calf production was in 2022, with 216 calves (SE = 33.4, 95% CI = 1,236.5-1,753.5), whereas in 2016 the estimate was 1,458.3 calves (SE = 132.4, 95% CI = 159-290) (Eguchi et al., 2023b). In seeking an explanation for these changes, a recent study finds a clear relationship between the estimated abundance of the last 50 years of eastern North Pacific gray whales with a historical decline in the biomass of food (crustaceans) and access to feeding areas attributed to oceanographic changes in the Arctic region (Stewart et al., 2023).

Whale watching has experienced a rapid growth worldwide in the last decade, surpassing overall tourism growth (Higham et al., 2014; Hoyt and Parsons, 2014; Orams, 2002). In 2009, the International Fund for Animal Welfare (IFAW) estimated that whale watching income exceeded $2.1 billion USD annually, welcomed 13 million tourists, and generated 13,000 jobs worldwide (O’Connor et al., 2009). This extraordinary growth relies extensively on promoting whale watching as an inherently sustainable activity (Neves, 2010). However, concerns persist regarding the sustainability of whale watching (Markwell, 2015), prompting efforts to minimize negative interactions with whales and vessels while ensuring economic stability (Higham et al., 2009; Hoyt, 2005; Lambert et al., 2010; Orams, 2000). Studies have highlighted that cetaceans react to human presence similarly to natural predators, exhibiting stress responses in the presence of vessels, altering their behavior, and compromising their well-being (Frid and Dill, 2002; Bejder et al., 2006; Nowacek et al., 2001). Vessel collisions with whales pose risks to both whale and human safety, contributing to concerns regarding the sustainability of whale-watching activities, particularly in developing regions like Mexico and other Latin American and Asian countries (Cisneros-Montemayor et al., 2010; Mustika et al., 2013; Rodger et al., 2011).

Understanding the stressors and components that determine the resilience of a Social-Ecological System (SES), such as whale watching, is crucial for effective and sustainable management (Chontasi-Morales et al., 2021; Márquez-González and Sánchez-Crispín, 2007). Direct collaboration with stakeholders, from conceptualization to validation, is essential to ensure the accuracy and acceptance of intervention measures within the SES. However, obtaining direct information from stakeholders can be challenging, necessitating a holistic exploratory perspective that integrates empirical data and mental models to capture relevant causal relationships and enhance understanding of emerging phenomena in SES (Groesser and Schaffernicht, 2012; Radosavljevic et al., 2023; Schlüter et al., 2019). In particular, Lambert et al. (2010) have emphasized the need to study the resilience of whale watching in the context of climate change. Recently, collaborative studies have emerged to describe some components of the SES of whale watching in this context (Meynecke et al., 2017; Richards et al., 2021; Sousa et al., 2023). However, there is an urgent need for research that more balancedly assesses whale watching from both environmental and social viewpoints (Suárez-Rojas et al., 2022).

This work is the first to include in situ data on long-term trends in whale numbers in the region, the behavior of tourist vessels, and transdisciplinary collaborative work not only with the most interested stakeholders, namely the tour operators, but also including tourists, their expectations, and satisfaction. A clear way to represent the elements that determine the resilience of SES is by highlighting their interconnections and qualitative feedback through conceptual models of the system (Meynecke et al., 2017; Richards et al., 2021). This conceptualization is often known as a “dynamic hypothesis” because it is a theory about how the system’s structure and observed temporal behavior appear in key variables (Maani and Cavana, 2007). Recently, the conceptual model has been used to describe the effects of climate change on whale watching (Meynecke et al., 2017; Richards et al., 2021). This work aims to develop a mental model that identifies the elements determining the resilience of the social-ecological system of gray whale watching in the face of climate change. Based on a transdisciplinary approach and the collection of in situ data, we explore possible adaptation strategies to promote the sustainability of whale watching.




2 Materials and methods

This study was conducted within the Bahía Magdalena–Bahía Almejas Complex (BMAC), located in Baja California Sur (BCS), Mexico, designated as an approved site for whale-watching activities in the Official Gazette of the Federation (DOF, 2011). Spanning between 24° 20’ to -25° 44’ N and -111° 27’ to -112° 15’ W, the BMAC is the largest inlet on the west coast of the Baja California peninsula, covering a total area of 1409 km² (Bizzarro, 2008). Whale-watching activities in the area primarily take place in three key locations: 1) Puerto Adolfo López Mateos (PALM); located in the northernmost area, conducts whale-watching activities in the Santo Domingo Channel (SDC), a system of channels covering approximately 300 km² (Bizzarro, 2008); 2) Puerto San Carlos (PSC), dedicated to whale-watching in Bahía Magdalena (BM), is another significant site for these activities (Álvarez-Borrego et al., 1975); and 3) Puerto Chale (PCH), situated in the southernmost region, conducts whale-watching activities within the 414 km² of Bahía Almejas (BA) (Figure 1). The main whale-watching areas in the three lagoons are the ocean entrance points. Hereafter, when referring to the whales from any of these sites, we mention the bays, and when referring to the localities in socioeconomic aspects, we refer to the names of the communities. To identify the elements that describe the resilience of the SES of whale watching and thus shape the mental model of the system, we divided the SES into two major blocks: the ecological and socioeconomic subsystems.




Figure 1 | Migration route and calving and breeding bays of the gray whale (Eschrichtius robustus). Green line: example of migration route. Laguna Ojo de Liebre (), Laguna San Ignacio (), Bahía Magdalena – Bahía Almejas Lagoon Complex (BMAC) (). In the small box, locations and lagoons of BMAC; Locations: PALM (Puerto Adolfo López Mateos), PSC (Puerto San Carlos), PCH (Puerto Chale). Lagoons: Santo Domingo Channel (SDC), BM (Magdalena Bay), BA (Almejas Bay). The red lines indicate the navigation routes followed during the whale census counts conducted by PRIMMA-UABCS.





2.1 Elements of the ecological subsystem

To construct the SES, a group of researchers first conducted biological monitoring of gray whales and analyzed trends over time. Between 2016 and 2023, a group of researchers and volunteers conducted vessel censuses in the study area, supervised by the Marine Mammal Research Program (PRIMMA) of the Autonomous University of Baja California Sur (UABCS) (sanignaciograywhales.org). During these annual censuses, whose reports have been published in the International Whaling Commission (Urbán et al., 2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023), we performed systematic counts along predetermined routes for each lagoon. For each lagoon, we conducted at least three annual censuses, at least one per month from the second week of January to the second week of March, culminating in a total of 29 censuses per lagoon, except for Bahía Magdalena, which had 30 censuses (88 censuses in total) (Figure 2). These censuses estimate the minimum number of gray whales within the main winter breeding and nursing lagoons along the Pacific coast of the Baja California peninsula. In each census, we used a portable Global Positioning System (GPS) device to follow a predetermined transect in each lagoon. For the lagoons of the BMAC, we followed the pre-designed routes by authors such as Fleischer et al. (1995), Gardner and Chavez-Rosales (2000), and Perez-Cortez et al. (2004) (Figure 1). This duplication of census effort allows us to compare whale counts within the year along the same census transect of each lagoon, and to compare with historical counts from previous years (Jones and Swartz, 1984; Urbán et al., 2003b).




Figure 2 | Trends in the number of mother-calf pairs (left) and single whales (right) counted per year in each lagoon of the Bahía Magdalena-Bahía Almejas complex from 2016 to 2023: Santo Domingo Canal (SDC), Bahía Magdalena (BM), and Bahía Almejas (BA). The points connected by dotted lines represent the original counts. The 95%, 75%, and 50% credible intervals (CI) of the estimated number of whales from the full model with long-term and seasonal scales are shown as shaded areas in grayscale. The solid red line represents the median of the long-term trend, and the dotted gold lines are its 95% credible intervals (CI).



For these censuses, we used the methodology proposed by Jones and Swartz (1984), which consists of navigating small outboard motorboats of 7 to 8 meters in length, following pre-designed routes at a speed of 11 km/h during the whale count. This speed is used to minimize the probability of whales outpacing the vessel, giving observers enough time to detect whales surfacing along the tracking route. Whales were recorded by two pairs of observers, one on the port side and another on the starboard side. Whales were counted only when they were at a right angle to the observers, and a fifth person recorded the sighting in a logbook, noting the time of the sighting, the number of whales, their swimming direction, and whether a calf accompanied them or if they were single whales. Additionally, we recorded some environmental conditions such as the Beaufort Sea state, wind direction, cloud cover, sea surface temperature, and depth. Censuses were not conducted or were aborted if in progress wind and sea state conditions exceeded Beaufort Sea state 3 (winds over 18 km/h with consistent whitecaps). By convention, “mother-calf pairs” (i.e., female whales with calves of the year) are counted as a single unit. “Single whales” refer to females without calves, adult males, and immature or juvenile animals.

Using the annual census data, we created temporal models for each lagoon and whale group (number of mother-calf pairs and single whales). We implemented Bayesian mixed-effects temporal models with an integrated nested Laplace approximation (INLA) approach (Rue et al., 2009), which has proven to be a great alternative for modeling time series, providing results in terms of posterior probability distributions instead of fixed values, and incorporating various types of random effects of temporal nature (Blangiardo et al., 2013; Zuur and Leno, 2018). We used years 2016 to 2023 as covariates to show long-term trends and the weekly scale from week 1 to week 16 of the year to cover the weeks of the first three months of each year, covering the census period to show temporal trends. We tested various model structures with combinations of the covariates. We used the best model results to show the long-term and seasonal temporal trends of the estimated number of gray whales over the eight years of systematic censuses.




2.2 Elements of the socioeconomic subsystem

During the biological monitoring, researchers identified some practices during whale watching that could affect the whales’ well-being. As a result, we designed and evaluated compliance with the guidelines of the official Mexican regulations, specifically the Mexican Official Standard NOM-131-SEMARNAT-2010 (DOF, 2011). We assessed compliance with guidelines such as the maximum observation time (30 minutes), the maximum allowed navigation speed (9 km/h in the observation area, decreasing to 4 km/h when starting the observation activity), the observation distance between the vessel and the whales (60 meters), the trajectory of the vessel’s approach to the whale (in a diagonal line from the rear side of the whale), and the maximum number of vessels observing the same whale or group of whales (four vessels). For the in situ evaluation of violations of the official regulations, we used a survey and registration method adapted from Quintana-Martín Montalvo et al. (2021) (the modified survey is available in Supplementary Table 1). This involved data collection by a group of researchers from a smaller vessel (45 feet or 13.7 meters long), positioned approximately 300 meters from a group of whales being observed by tourists. Sampling was conducted for a minimum of 6 minutes (2 scans to check for compliance or violation) and a maximum of 45 minutes (15 scans) as soon as visual contact with the group was lost or the whale-watching activity ended by a vessel or group of vessels. The size and composition of the group (adults and calves) were estimated visually. We then conducted a Principal Component Analysis (PCA) to identify the main violations of the official standard in each community and group of whales (mother-calf pairs, single whales, and groups of more than three whales) (Greenacre et al., 2023) to reduce the dimensionality of the multiple violations assessed and observe only the primary relationships between communities and violations (Chan and Shi, 1997; Greenacre et al., 2023). We used the scores of the projection of each locality in the principal components space to represent the position of the original observations in the principal components space, which helped to understand the influence of each principal component on the observations. We also performed a Pearson correlation analysis between the principal components and the violations to analyze and visualize how each community is associated with the principal components and the violations (Greenacre et al., 2023). To understand the dynamics of whale-watching tourism and its economic impact in the study area, we analyzed available data from the Mexican government’s Secretariat of Environment and Natural Resources (SEMARNAT). SEMARNAT collects information reported annually by tourism operators regarding the number of permits, trips, income, and jobs generated by whale-watching in Mexico (SEMARNAT, 2024).

Analyzing the trends of the last eight years of whale counts, the lack of compliance with official regulations by tourism operators, and the economic importance of whale watching in the localities, we approached the communities to begin participatory work involving key stakeholders according to the nature of the activity, including tour operators conducting gray whale watching, tourists, and government representatives. In early winter 2022, we conducted 18 interviews with representatives of service operators. These interviews aimed to delve deeply into their experiences in tourism, tourists’ perceptions, their understanding and views on official regulations, as well as their knowledge and perceptions of climate change and its impact on gray whales and whale-watching activities (the interview questions for tour operators are available in the Supplementary Table 2). We conducted the interviews in the three communities of the BMAC (Figure 1) and one additional interview with a representative of the Director of the Biosphere Reserve of the Pacific Islands in the Baja California Peninsula of the National Commission of Natural Protected Areas (CONANP).

Our research was a collaborative effort, with a wealth of information obtained from interviews. At the end of the winters of 2022 and 2023, we conducted 12 participatory workshops using mixed methodologies in focus groups. These workshops were aimed at people from communities near the observation area, with a primary focus on tour operators. The workshops, distributed among the three localities, were a platform for sharing and gathering insights. The first round of workshops in each locality focused on understanding the community’s perception of climate change, its effects on gray whales and tourism, and sharing the results of the whale count censuses. The second part involved providing updated information on the status of the gray whale population, the observed effects of climate change on migration routes and breeding lagoons, and their interest in regulations and whale welfare. The third part provided detailed information on current regulations and their importance for whale conservation and tourist safety.

Between the third and fourth rounds of workshops, we conducted semi-structured surveys among 235 tourists to gather information on their level of interest in gray whale watching, overall satisfaction with the activity, satisfaction with the information provided during the tour, compliance with regulations, and the number of vessels encountered during the tour. For each of these sections, we asked participants to indicate their level of agreement on a Likert scale (1 - strongly disagree to 5 - strongly agree) (Pett, 2015). Additionally, we collected data on socio-demographic aspects, travel expenditures, and asked about scenarios in which they would be willing to return about the amount of information received during the WW trip, the number of vessels watching whales at the same time (crowding), and the number of whales (especially mother-calf pairs) (the survey questions for tourists are available in the Supplementary Table 3). The intention to return has been widely addressed in the theory of planned behavior, which states that tourists’ intention to return depends on attitudes, subjective norms, and perceived behavioral control (Ajzen, 1991). Perceived crowding reveals a subjective perception of the number of vessels encountered affecting tourist satisfaction (Vaske and Donnelly, 2002).

We performed descriptive statistical analyses to understand the factors related to tourist satisfaction and to assess whether communities exhibited tendencies to commit specific types of normative violations. Through a correlation tree, we identified the segmentation of tourists based on their overall satisfaction with gray whale watching. Correlation trees reveal complex and non-linear relationships between predictive variables and the response variable (satisfaction level) (Breiman et al., 2017).

Finally, we conducted the fourth round of workshops where researchers shared our interpretation of the interviews, the results of the tourist surveys, the evaluation of compliance with regulations, and the relationship with the results of the whale censuses. In this final round, we conducted a feedback process where, through brainstorming sessions, we identified the essential variables of the SES and their interactions, discussed important adaptation actions for the system to be resilient to the effects of climate change, emphasizing that these actions are crucial for the future of gray whale watching and tourism. We validated the mental model of the SES via focal groups. To qualitatively understand the behavior of the system elements and the flows indicating how the variables interact, we represented the polarities of the links connecting these variables to show cause-effect relationships (Loucks and Van Beek, 2017). We represented these polarities with a plus (+) or minus (−) sign to show the direction of the relationship between the two interconnected variables (Maani and Cavana, 2007).





3 Results

We grouped the elements describing the resilience of the SES of gray whale watching in the BMAC into large blocks of the natural and socioeconomic subsystems, subsequently describing their interactions graphically in a mental model of the system.



3.1 Ecological subsystem

We obtained six models, selecting one for each locality with a different grouping of whales (mother-calf pairs and single whales). For all competing models, the negative binomial probability better represented the response variable than the Poisson distribution. Model selection was carried out using the Watanabe-Akaike Information Criterion (WAIC) (Table 1).


Table 1 | Best models of gray whale counts (μy) for each lagoon: SDC (Santo Domingo Channel), BM (Bahía Magdalena), and BA (Bahía Almejas) based on long-term and seasonal weekly scales selected by the Watanabe-Akaike Information Criterion (WAIC).



In the case of single whales, the best model was the same for each locality, including the number of continuous weeks (CW) from January 2016 to March 2023 (long-term scale), and the week of the year (WY) from January to March (seasonal scale) with second-order polynomials. Mother-calf pairs had different models for each locality; the most complex model was for BA with CW with third-order polynomials and WY with second-order polynomials, followed by SDC with second-order polynomials in both covariates. The simplest model for mother-calf pairs was for BM with CW plus WY with second-order polynomials (Table 1). There is a differentiated segregation of whales in the bays. The northernmost region (SDC) hosts the highest number of mother-calf pairs, while BM and BA have more single whales. On the other hand, the number of single whales has been higher in BA, with the annual average number of whales in this area being between three and seven times higher than in BM and between five and fourteen times higher than in SDC over the past four years (Figure 2).

The data reveals a trend of decreasing mother-calf pairs over the years. The highest counts were observed in 2016 and 2017 in SDC, with maximum counts of 46 and 44 pairs, respectively. However, the following year (2018), only about one-third of that number was counted. This trend is consistent across all lagoons, with the most drastic changes observed in SDC, followed by BA. Between 2017 and 2022, there was a 95% decrease in the maximum number of mother-calf pairs counted in SDC, a 94% decrease in BA, and a 75% decrease in PSC. While 2023 saw a slightly higher increase than the average trend estimated in the long-term model, the overall trend is a cause for concern (Figure 2).

The trend in the number of single whales has been increasing in BM and BA, although it is more pronounced in the southernmost area. Following the lowest counts of single whales in 2016 in BM, there was a drop in 2020, with slightly higher maximum counts in 2021 and 2022, but even in these years, the maximum whale count was 41% less than in 2017. However, by 2023, there was a historic increase with a maximum count of 97 single whales, 131% more than in 2022 and 40% more than in 2017. In the case of BA, the maximum count of single whales increased consistently until 2021, with three times more whales in 2019 than the previous year. Between 2020 and 2022, there were no clear differences, but there was a 10% decrease between 2021 and 2022. However, in 2023, there was a considerable increase with a maximum count of 295 single whales (70% more whales than in 2022). SDC is the only lagoon showing a long-term decreasing trend in single whales. In 2022, SDC had a maximum count of single whales almost 50% lower than in 2021 and 60% lower than in 2019, and in 2023 was the only lagoon with fewer single whales than the previous year, with a 64% decrease (Figure 2).

The number of whales in the breeding lagoons, mainly the mother-calf pairs, and their declining trend over time are the primary state factors of the SES, as without whales, the system simply would not exist. Going from a maximum of 44 mother-calf pairs to two implies a change in the main factor of the SES, raising other questions related to how the system can remain resilient to these changes: Will the number of whales observed be important to tourists? Have tour operators noticed these changes in the whales? Is tourism conducted in the same way? Are there implications if tourism remains the same or grows?, among others.




3.2 Socioeconomic subsystem

After examining the temporal trend of gray whales visiting the Bahía Magdalena area over time, we compared the three localities within the BMAC. We evaluated how this tourist activity aligned with the official Mexican regulations. By assessing compliance with the Mexican Official Standard NOM-131-SEMARNAT-2010 using principal component analysis, we observed that violations of exceeded observation time (Time), improper approach trajectory to the whales (Trajectory), and high navigation speed (Speed) are distributed differently in the principal components (Figure 3). Trajectory and Speed are strongly correlated with the first principal component (Comp.1), with correlations of r = 0.90 and r = 0.77, respectively (Table 2). This suggests that Comp.1 represents a variability axis where long trajectories and high-speed violations predominate. On the other hand, Time shows a high correlation with the second principal component (Comp.2, r = 0.92), while Speed has a negative correlation with Comp.2 (r = -0.53) (Table 2). This indicates that Comp.2 represents a variability axis where long violation times oppose high-speed violations. By examining the scores of the communities in these components, we observed that when operators from the community of PSC observe single whales (PSC.single), they have high scores in both components (Table 2), suggesting that this community has improper approaches to the whales and prolonged violation times (Figure 3). Operators from PCH have a high score in Comp.1 and a negative score in Comp.2 when observing single whales, indicating that this community tends to have improper approach trajectories to the whales, navigate at high speeds, but usually respect the maximum observation time. In contrast, in the presence of mother-calf pairs, all localities have low scores in both components, indicating better approach trajectories, slow navigation, and no exceeding the maximum observation times (Figure 3).




Figure 3 | Principal Component Analysis. Representative infractions of non-compliance with regulations in different groupings of gray whales in the communities of BMAC. PSC: Puerto San Carlos, PALM: Puerto Adolfo López Mateos, PCh: Puerto Chale. Chale. Group: groups of three or more whales, mc: mothers with calves, single: solitary whales.




Table 2 | Correlations indicating the relationship between violations of NOM-131-SEMARNAT-2010 (Time, Trajectory, Speed) and the principal components (Comp.1, Comp.2).



Currently, we do not have evaluations from different years with varying numbers of whales, but we have the experience of being constantly present during the winter season, conducting whale monitoring, and evaluating compliance with regulations on different days of the week and at various times, some with higher tourism intensity than others. Therefore, we observed an increase in poor practices during times of higher influx of tourist vessels in the observation areas, mainly the mouths of the lagoons to the open sea.

Subsequently, our objective was to understand the importance of whale watching as an economic activity. By examining the available data in the SEMARNAT database (SEMARNAT, 2024), we observed that despite the geographical proximity of the localities within the same lagoon complex, there are significant variations in the number of tourists visiting these areas and their economic contributions. Interestingly, we observed a notable increase in economic income in PALM, where there has been a clearer decrease in gray whales, particularly mother-calf pairs (Figure 4). The differences in income between PALM and PSC are evident, with the former consistently being a higher income generator and conducting a greater number of trips since 2009 (Figure 4). However, there are cases where PSC’s earnings could be proportionally higher, such as in 2015, when it generated $228,280 dollars in 655 trips, just $1,780 dollars less than PALM, despite conducting only one-third of the trips. However, there are no available records in the SEMARNAT databases for the southernmost site (PCH) despite its official inclusion as a whale watching area in 2013 (DOF, 2012).




Figure 4 | Top: Economic income in thousands of U.S. dollars from whale watching in Puerto Adolfo López Mateos (PALM) and Puerto San Carlos (PSC). Bottom: Number of reported whale-watching trips in Puerto Adolfo López Mateos (PALM) and Puerto San Carlos (PSC). Data from (SEMARNAT, 2024).



Specifically for PALM, starting in 2013, there was a significant increase in income, exceeding $200,000, much higher than in previous years (Figure 4). Since 2013, revenues in this community have ranged from $230,000 to $940,000 in 2022, followed by a notable decrease in 2020 and 2021, marking the lowest historical incomes from whale watching in PALM ($10,300 and $1,930, respectively). The difference between the second-highest income year and the highest is notable; in 2022, revenues were 85% higher than in 2019. Similar to PALM, PSC experienced its highest income year in 2022 ($444,300), followed by 2015 ($228,930), and then 2014 ($162,000). In 2020, revenues slightly exceeded those of 2012, which was the worst year, and in 2022, revenues were 94% higher than in 2015, the second-highest income year (Figure 4).

The number of trips appears to have remained relatively stable in PALM, fluctuating between 2,400 and 2,900 trips per year since 2013. A similar pattern is observed in PSC from 2009 to 2015, but a steady decline in the number of trips has been recorded until 2020. In 2020, the historical minimum of trips was recorded, with only 112, only surpassed by 2010 when only 55 trips were reported (Figure 4). The growth pattern in the number of trips is less noticeable compared to the economic income, particularly for PALM, where a historical record of earnings was achieved in 2019, before the onset of the SARS-CoV-2 Coronavirus pandemic, which was then greatly surpassed in 2022 (Figure 4). Despite some years with declines in tourist activity, the increase in recent years is clear, especially the upturn in 2022, which underscores the importance of a growing activity, contrary to the decline in gray whales. The low values in 2012 for both economic income and the number of trips should be taken with caution, as we did not find an explanation for these values, and even service operators mentioned that they do not reflect the tourist dynamics of that year. It also appears that the record of travel information for 2017 by SEMARNAT is missing.

The next step was to understand in depth the perceptions, knowledge, and needs identified by whale-watching operators. We conducted a total of 18 interviews with whale-watching operators from the three communities in the BMAC. In PALM, eight whale-watching operators were interviewed, including the leaders of the two cooperatives and two individuals registered for whale watching. Unlike the other two communities, whale-watching operators in PALM stand out for their high level of organization, maintaining constant communication and making decisions related to whale watching through democratic processes. They also associate with foreign companies arriving on yachts or cruises, facilitating information exchange, and raising awareness about recent events, such as the unusual mortality of gray whales. Additionally, alternative nature tourism activities were identified in PALM due to its diverse environments, including dunes, mangroves, and wildlife. The operators expressed their understanding of the need for training and close communication with whale researchers in the area.

In PSC, six whale-watching operators were interviewed, perceiving high competition among operators who often adjust prices to attract tourists. There is discontent with fishing activities during the whale-watching season, with limited knowledge of the recent UME among the operators. Some operators wanted local guides to be trained to join boat operators and share information to improve onboard safety.

In the southernmost community, PCH, three whale-watching operators were interviewed. They demonstrated great interest in learning about gray whale ecology and sharing information with tourists. Despite being relatively new to tourism, PCH is optimistic due to its proximity to the state capital city and perceived competitive advantages over other communities. The operators expressed interest in the presence of surveillance authorities to ensure compliance with regulations and prevent unauthorized tourist activities.

To gain a more comprehensive view of the current situation of whale watching, we also interviewed the current representative of the Biosphere Reserve of the Pacific Islands of the Baja California Peninsula, belonging to the federal government agency called the National Commission of Natural Protected Areas (CONANP). During the interview, differences were highlighted between fishing and tourism groups in the level of organization among the communities and disparities and complaints among certain communities. There is a perception that the number of permits for whale-watching activities is excessive, underscoring the need to regulate tourism to ensure its sustainability. Additionally, there is a call for developing alternative nature-based tourism activities to alleviate pressure on whale watching. Furthermore, there is an emphasis on the need for closer engagement from researchers and government authorities with the communities, particularly with whale-watching operators, due to growing dissatisfaction related to the decline in whales in recent seasons.

Through in-depth interviews, we identified that in all three localities there is a recognition of the decline in whales, especially mother-calf pairs. Although there are varying levels of knowledge related to the effects of climate change, everyone expressed a strong interest in learning more. We began to identify input variables to the SES related to its resilience, such as interest in diversifying tourist activities, training to learn more about the biology and ecology of whales, and we found that not everyone was fully aware of the official regulations and their importance.

In order to directly share the requested information, such as general aspects of the biology and ecology of the gray whale, the results of the biological monitoring conducted by PRIMMA, and to learn more about the recent UME of gray whales, we organized 12 participatory workshops (4 per site). In the first three rounds of workshops, we shared this information and discussed sustainable and resilient tourism, the importance and benefits of applying NOM-131-SEMARNAT-2010, and discussed some improvement and adaptation strategies to climate change, which were later taken up and established in the fourth round of workshops. Additionally, we identified an interest in understanding tourists’ perceptions and satisfaction with the activity. Tourists often came with the idea of touching whales, generated by social media, which was reflected in an insistence by tourists to get too close to increase their chance of touching a whale, which could lead to several operators harassing the whales.

To understand the tourist typology and the factors associated with their satisfaction, we administered 235 semi-structured surveys to tourists immediately after their gray whale watching trips between 2022 and 2023. Sixty-four percent of these surveys were collected in PALM, 22% in PCH, and 14% in PSC. The age range of the surveyed tourists varied between 13 to 80 years old, with most being between 27 and 51 years old in all sites. Tourists mentioned their main motivations for visiting the area and watching whales, where 62% of the tourists stated that their primary motivation was simply to see the whales, with a particular interest in seeing calves. Only 25% reported having an interest in seeing the entire natural environment. Thirteen percent said they were visiting the area only because it was part of a tour package. In all localities, most tourists reported having completed university studies, followed by high school and postgraduate education. The most frequent occupation in all localities was professional work (34% of the total), followed by employee (20%). Of the total tourists, 34% spent less than $250 dollars, 23.8% spent between $250 - $500 dollars, and 15.3%, a similar percentage of tourists, spent between $500-1000 and $1000-1500 dollars. In PAL and PCH, the majority spent less than $250 dollars (34.4% and 45.1%, respectively); however, in PSC a high percentage of tourists preferred not to mention how much they had spent (45.5%) (Figure 5).




Figure 5 | Tourist Typology: Some descriptive characteristics of tourists who visited different whale-watching locations, such as (A) Education level, (B) Occupation, (C) Trip cost. Tourist origin: Travelers from another country (International), tourists from Mexico traveling from a different state to Baja California Sur (National), and tourists from BCS (Local). PSC: Puerto San Carlos, PCH: Puerto Chale, PALM: Puerto Adolfo López Mateos. ND: Tourists who chose not to answer this question. (D) Tourists’ perception of compliance with NOM-131-SEMARNAT-2010.



Half of the respondents were national tourists, one-third were locals, and 17% were foreigners. PSC had the highest proportion of national tourists (55%), followed by PCH (25%) and PALM (20%) (Figure 5). When analyzing the proportion of tourists according to their origin (international, national, or local), we observed that international tourists (tourists from another country) had the highest proportion of university (41%) and postgraduate (28%) studies. The majority of national tourists (Mexicans who do not live in B.C.S.) had university studies (22%), followed by high school (12%) and postgraduate (11%) studies. Among local tourists (residents of B.C.S.), university and pre-university (high school) studies predominated (27% each), followed by secondary education (13%) (Figure 5A). Fifty-one percent of international tourists mentioned having a professional job, followed by retired tourists (23%). Most national tourists had professional jobs (34%), followed by employees (20%), and only 10% were retired tourists (Figure 5B).

After providing a general overview of the guidelines for proper whale watching according to NOM-131-SEMARNAT-2010, we sought to measure tourists’ perceptions of compliance with these guidelines. Among tourists visiting PALM, 51% rated compliance as excellent, 8% considered it moderate, and only 4% rated it as poor. In comparison, a smaller proportion of visitors to PCH and PSC rated compliance as excellent, with 35% and 39%, respectively. However, 12% of respondents rated compliance as deficient in both PCH and PSC. Additionally, 11% of all tourists refused to rate the compliance of their tour (Figure 5D). Interestingly, there were no clear differences in the compliance rating according to the tourists’ origin. Among international tourists, 56% rated compliance as excellent, followed by 43% of locals and 42% of nationals. Conversely, no foreigners rated compliance as deficient, while only 6% of locals and 9% of nationals perceived compliance as deficient. These findings suggest a generally positive perception of compliance with whale-watching guidelines among tourists, regardless of their origin (Figure 5D).

Tourists were willing to return for whale watching under certain circumstances, with no clear differences observed between communities or tourist origins. Sixty-four percent mentioned that they would consider returning if provided with more information during the whale-watching tour. In comparison, 23% said they would do so with the same information (Figure 6A). Interestingly, none of the respondents mentioned returning with less information than they received. Similarly, when asked about their willingness to return if they saw the same number of mother whales with calves, only 12% responded that the number of whales does not affect their decision to return. However, most tourists expressed that they would be more likely to return if the number of whale-watching vessels in the observation area was lower (30%) or at least the same as they observed during their tour (43%). Another 24% mentioned that a change in the number of vessels does not affect their decision (Figure 6A). Additionally, 40% of respondents expressed interest in engaging in more tourist activities in the area besides whale watching, even if it meant incurring higher expenses. About 33% said they neither agreed nor disagreed with this idea, while 21% chose not to answer. These responses indicate a potential to diversify tourist activities to enhance visitor experiences and support local economies.




Figure 6 | (A) (left) Percentage of total tourists who would return for whale watching under different scenarios, considering the amount of information provided during the tour, the number of whales in the lagoon, and the number of boats in the observation area. (B) (right) Relationship between tourist satisfaction and activities during the whale-watching event.



According to the correlation tree analysis, tourist satisfaction was primarily associated with the level of satisfaction with the information provided during the tour (Figure 6B). This factor served as the main determinant of satisfaction, indicating that tourists who felt adequately informed during the whale-watching tour were more likely to report higher levels of satisfaction. According to the conditions shown by the correlation tree, the highest degree of tourist satisfaction (4.9 out of a scale of 5) was obtained when there was medium to high satisfaction with the information received (>= 3.5, right branch of the tree) and subsequently, if tourists considered themselves moderately to highly in agreement with having learned new information during the tour (>= 3.5 out of a scale of 5). This suggests that tourists who felt they gained new insights or knowledge during the experience had higher satisfaction (Figure 6B). The next level of satisfaction was related to the tourists’ educational level. Tourists with university or postgraduate education who had satisfaction with the information received equal to or greater than the average (>= 2.5 out of 5) reported being moderately to highly satisfied with the activity (4.3 out of 5). Another important factor is whether the respondents were local or foreign tourists (national or international). Interestingly, it was found that Mexicans from outside Baja California Sur (BCS) were less satisfied with the information received than local tourists. This distinction highlights the importance of considering cultural or regional differences in tourists’ expectations and experiences during whale-watching tours. It is worth noting that factors related to information and learning something new are found in three of the five nodes of the tree, including the main node, highlighting the importance of these factors in tourists’ overall satisfaction with the WW activity.

Once the data from the ecological and socioeconomic subsystems were analyzed, the results were presented in the fourth participatory workshop, following feedback from each section, through brainstorming sessions and focus groups. Among the participants, whom tour operators mostly represented, some civil associations, and representatives of CONANP, we consolidated the mental model of the social-ecological system of whale watching on a medium or meso scale that includes the three localities of the Bahía Magdalena–Bahía Almejas Complex, integrating various ecological and socioeconomic components to understand their interactions and responses to changes over time (Figure 7).




Figure 7 | The mental model of the SES for gray whale watching in the BMAC. The main variables determining the system’s desired state are enclosed in a box. Variables determining the system’s resilience are enclosed in orange. The main internal stressor variables of the system are enclosed in a green box, and external stressors are indicated with a dashed green line. The variable encompassing the system’s responses to both resilience and internal stressors is in blue. Arrows in the model and the signs indicate the direction of influence (one factor increases, and the other increases or decreases). F1 and F2 are the feedback loops.



We found that resilience in this SES is defined by the system’s ability to sustain economic activity over time while facing its main stressor: the effect of climate change on gray whales. Climatic variables such as ice levels in the feeding area and sea surface temperature in the breeding areas influence the number and condition of whales visiting the bays, serving as input variables and identified as external stressors to the system over which we have no control. The state of the biological component, represented by the number of whales, is related to actions that can make the SES resilient.

Tourist satisfaction emerges as a central variable within the SES, influencing and being influenced by most of the other variables. Satisfaction is a variable that balances the two indicators of the resilience of the activity: the number of whales and the economic income of tour operators. Satisfaction is strongly linked to the information provided by tour operators, with increased quantity and quality of information increasing satisfaction and potentially fostering greater environmental awareness among tourists. Additionally, improving the information used in marketing campaigns to promote the activity can lead to better compliance with regulations and reduce the pressure on tour operators to get closer to the whales. We did not lose sight of the fact that satisfaction is also influenced by the educational level of tourists; the higher the education, the greater their demand, and it is also higher among non-local tourists (non-residents of B.C.S.) (Figure 7).

Tourist preferences support efforts to control the increase in the number of vessels in the whale-watching area, which could improve satisfaction. Additionally, diversifying tourist activities in each locality could reduce the number of vessels dedicated exclusively to whale watching, allowing for better organization and compliance with regulations even with fewer whales (Figure 7).

Two main causal relationships were identified between elements, defined as feedback loops in the SES mental model. These elements are connected in such a way that if we follow the causality starting from any element in the loop, we can eventually return to the first element. The first feedback loop (F1) is defined by the relationship between the increase in tourists and economic income and whether this generates a higher number of vessels watching whales simultaneously, which would negatively affect tourist satisfaction. The second feedback loop (F2) is defined by the effect on satisfaction from poor practices that lead to non-compliance with official regulations due to increased tourism (Figure 7). Overall, the mental model provides information on the complex interactions within the SES of whale watching in a simple and easily understandable way, and helps to emphasize the importance of adaptive management strategies to ensure the resilience of both the economic activity and the whale populations in the area.





4 Discussion

This study contributes significantly to understanding the social-ecological system (SES) of gray whale watching in Mexico. It involved developing a mental model of the system that incorporates ecological variables, such as the temporal trend of whale counts in breeding and calving lagoons, population estimates, and the intricate relationship between gray whales and environmental changes. Additionally, it integrates social variables such as the temporal behavior of tourism and compliance with official regulations. It also analyzes variables associated with tourist satisfaction, aiming for a more resilient and sustainable system. Research focused on SES, which integrally incorporates ecological and socioeconomic aspects in marine environments, is limited but crucial (Refulio-Coronado et al., 2021). Since economic activities are closely linked to the environment, strategies must strengthen vulnerable components against regime shifts or persistent pressures (Hummel et al., 2011).

In our study, we analyzed ecological and socioeconomic factors at the local level; however, we identified key system factors that influence a medium or meso scale similarly across the three breeding lagoons of the BMAC and their corresponding localities that conduct WW. Components of the ecological subsystem, such as the decline of whales in WW areas, and those of the socioeconomic subsystem, such as tourist satisfaction, non-compliance with regulations, economic income, and the increase in vessels observing whales, are represented through a mental model that illustrates the interactions and feedback within the SES of gray whale watching in the BMAC (Groesser and Schaffernicht, 2012). This holistic and participatory approach, involving various sources of information and stakeholders, enhances the resilience of the SES (Berkes, 2012; Refulio-Coronado et al., 2021).

The study reveals an eight-year long-term trend of gray whale counts in the breeding and nursing lagoons of the BMAC, reflecting a clear trend of declining mother-calf pairs in all lagoons and an apparent increase in single whales in the two southernmost lagoons. In recent years, a historically low drop in the maximum count of mother-calf pairs and a stagnation in the counts of single whales correspond with the years of the recent UME (2019-2022) of gray whales (Eguchi et al., 2023a). The recent UME has been associated with changes in climatic conditions in the feeding areas (Stewart et al., 2023). These changes in the gray whale feeding area have been associated with the extent of Arctic ice, which influences the physical accessibility of gray whales to feeding areas. Although a negative relationship has been observed between high ice densities (more than 45 to 55%) and gray whale counts (Stewart et al., 2023), especially calf production, recent lower estimates do not align with this pattern (Perryman et al., 2020). These discrepancies suggest that the recent mortality event and changes in calf production may be differently linked to ice conditions and other factors (Perryman et al., 2020; Stewart et al., 2023). Recent studies have estimated the carrying capacity of the feeding area and calf production in relation to ice cover and access to feeding areas, incorporating benthic crustacean biomass as an explanatory variable indicative of food availability. While ice accessibility remains crucial, a clearer trend emerges when comparing the carrying capacity of gray whales and calf production with food biomass (Stewart et al., 2023). Latitudinal shifts have also been observed, with ice moving northward, leading to decreased productivity in the Bering Strait and increased productivity further north (Frey et al., 2022; Grebmeier et al., 2018). These changes in the Arctic could be related to a decrease in per capita biomass of gray whale prey, which could affect the whale population (Stewart et al., 2023) and their migration.

On the other hand, Baja California peninsula serves as vital habitat for winter aggregations of gray whales in breeding lagoons. These lagoons provide refuge in their protected waters of the Pacific Ocean for specific mating and lactation events. Whales favor them due to their latitudinal gradient of warmer temperatures, allowing calves to maintain their body temperature while accumulating fat from maternal milk (Sumich, 1986; Swartz, 1986). The lagoons are separated by approximately one degree of latitude for the nearest and northernmost (Laguna Ojo de Liebre and Laguna San Ignacio) and three degrees for the furthest (L. Ojo de Liebre and BMAC). Historically, the northernmost lagoon closest to the feeding areas tends to host the highest number of whales, followed by the middle zone (L. San Ignacio), and finally, the area with the lowest proportion of whales is BMAC. However, these proportions show certain variations over the years (Salvadeo et al., 2015; Urbán et al., 2003b).

In general, global sea surface temperature is increasing and is expected to continue rising due to global climate change, with projections ranging from 0.6 to around 3°C, depending on the scenario (IPCC, 2019). Consequently, current tropical zones are expected to expand to higher latitudes, temperate zones will shift toward the poles, and polar zones will contract. Many species, including whales, are expected to move toward the poles in search of optimal temperature conditions, potentially altering their migration patterns; in the case of gray whales, potentially shortening the migratory route (García-Molinos et al., 2015; van Weelden et al., 2021). In particular, the North Pacific Ocean has been identified as one of the three oceans that harbor marine mammal species most vulnerable to global warming, with the gray whale being the second most vulnerable species, even under a low greenhouse gas emissions scenario (RCP 2.6) (Albouy et al., 2020).

The declining trends in gray whales shown in this study, especially mother-calf pairs, may be due to physiological stress from food reduction (Christiansen et al., 2021) and changes in the temperature of breeding and nursing areas. Studies suggest that during colder years associated with La Niña conditions, whales tend to migrate further south, reaching areas like Los Cabos in the Gulf of California and even Bahía de Banderas in Nayarit, Mexico. Conversely, during warmer years related to ENSO conditions, fewer mother-calf pairs have been observed in the Santo Domingo Channel in the BMAC region (Salvadeo et al., 2013). It is likely that with warmer anomalies in the sea surface temperature, mother-calf pairs do not migrate as far south. These latitudinal changes in the presence of gray whale mother-calf pairs in relation to sea surface temperature are especially evident in the southernmost breeding and nursing area, which corresponds to the study area of this research (Salvadeo et al., 2013). Therefore, alternative management strategies are needed to increase specific resilience and adapt to these fluctuations in whale numbers and a potentially significant historical decline (Lambert et al., 2010; Sousa et al., 2023). The strategies must ensure that the activity does not negatively impact gray whales and that economic revenues are maintained at least at the current levels.

Regarding the social subsystem, tourist satisfaction emerges as a central variable in the SES mental model, linking various aspects of whale watching and balancing the two indicators of system resilience, the number of whales and the income of tour operators. The external stressors of the system are composed of climatic conditions that affect the number of whales, and therefore there are no variables that can influence them. However, we identified two internal stressors: the lack of compliance with official whale-watching regulations and the simultaneous increase in boats watching whales.

Among the variables that influence tourist satisfaction, the number of whales sighted has been identified as one of the most significant (Lee et al., 2019; Suárez-Rojas et al., 2022). However, during interactions with tourists, most indicated that they would understand the situation if the current status of the whales was explained during the tour. It has been previously noted that tourists value interpretive services in whale watching (Lee et al., 2019). Satisfaction was also directly influenced by the quality of information received during the WW trip. Information is an important element for tourist satisfaction and serves as an indicator of sustainability (Tavares et al., 2018; Naidoo et al., 2011). Educational information for tourists enhances their concern for animal welfare and responsible behavior, which can help improve whale-watching practices (Suárez-Rojas et al., 2022). It is common around the world to use tour guides as communicators of the country, its offerings, laws, norms, regulations, expected behavior patterns, and the quality of guide services is usually important for the final satisfaction of tourists (Sandaruwani and Gnanapala, 2016). However, in none of the three communities studied here is a tour guide service, so we recommend training local guides to reinforce tourists’ pro-environmental perceptions by facilitating awareness, reflection, and appreciation by local people working as guides (Walker and Weiler, 2017).

Ensuring accurate marketing information before the trip and managing tourists’ expectations is essential. It is also important to consider that tourists’ pressure to interact closely with whales is influenced by disseminated images on internet government pages (Cho et al., 2014; Sheungting Lo and McKercher, 2016). In this study, tour operators mentioned feeling pressure from tourists who insisted on getting too close to the whales to increase their chances of touching them. We believe that the quality of disseminated information is a factor influencing tourists’ expectations and satisfaction (Sheungting Lo and McKercher, 2016).

This study also observed a lack of compliance with regulations, especially regarding certain infractions such as the approach trajectory to the whales, the maximum observation time, and the navigation speed. Although there is generally no high appreciation of non-compliance with these guidelines by tourists, this may be due to their lack of awareness of the regulations due to the lack of information shared by operators. In other parts of the world, tourists have indicated they are willing to pay more for WW tours that ensure the safety of the observed animals, especially respecting navigation speed (Suárez-Rojas et al., 2022). Sharing information is important for compliance with guidelines and tourists might even accept an increase in observation distance if they were informed about the potential impacts on whale welfare (Kessler et al., 2014). In other regions, tour operators have considered regulatory compliance as an important factor within the conceptualization of the SES of whale watching in the face of climate change, as this could reduce pressure on the whales (Meynecke et al., 2017).

Tourists mentioned being willing to return under the scenario of maintaining or reducing the number of vessels watching whales simultaneously. Previous studies conducted in Bahía de Banderas, Mexico, found that perceived crowding by tourists negatively affects the likelihood of tourists returning for a whale-watching trip (Avila-Foucat et al., 2013). Crowding impacts satisfaction in other recreational activities (Needham et al., 2011), so it is important to consider satisfaction with vessel crowding when designing coastal management policies. Despite the official standard indicating that only four vessels can watch whales at the same time, two is the optimal number of vessels for tourist satisfaction (Avila-Foucat et al., 2013). Since tourism continues to grow, regulating the number of vessels in the water has been very complicated for service providers, as it would require many tourists to wait a long time in the water. Different management recommendations have been issued, such as codes of conduct, zoning, closure areas, seasonal timing, vessel permits, and performance and education programs (Avila-Foucat et al., 2013; Casis-García, 2010).

Collaboration between tour operators, authorities, and researchers is vital for adaptive management (Dimmock et al., 2014; Garrod and Fennell, 2004; Lusseau, 2014). Maintaining communication channels, providing updated information, ensuring that operators’ economic income remains unchanged regardless of the number of whales, and implementing collaborative actions can improve operators’ satisfaction and facilitate adaptive management based on the current state of the whales (Meynecke et al., 2017; Richards et al., 2021; Sousa et al., 2023). In Mexico, the number of whale-watching permits does not have a specific directive. The number of permits has been previously used to measure adaptive management, considering specific population aspects (Organ et al., 2012; Runge et al., 2013). Achieving an equitable distribution of economic benefits among community stakeholders and implementing monitoring and surveillance mechanisms is essential. Also, the impact of the COVID-19 pandemic on whale-watching tourism remains uncertain, but a resurgence is expected due to pent-up demand and remote work trends (Adelman, 2022; Feng and Xia, 2022; Mckercher, 2021; Vogler, 2021). This study shows a significant resurgence in WW tourism activity in 2023.

Adapting best practices to local conditions can minimize negative impacts on organisms and ensure the sustainability of whale-watching tourism (Gómez-Gallardo Unzueta et al., 2023). There are some examples of integrated management strategies that work in whale watching. Tour operators in Laguna San Ignacio, Baja California Sur, Mexico (the northernmost breeding lagoon of the gray whale), have established since the beginning of the activity in the 1990s a Rural Association of Collective Interest (ARIC) (Gómez-Gallardo Unzueta et al., 2023). This organization, comprised by the tour operators themselves, has allowed them to organize and establish internal guidelines, such as the maximum number of vessels that can navigate simultaneously; only 16 vessels can practice whale watching at the same time in the entire authorized area, regardless of the number of permits, which tends to increase annually. Additionally, each vessel can remain in the water for a maximum of 90 minutes, and they have an operator who acts as an onboard observer dedicated solely to ensuring compliance with the guidelines; otherwise, they communicate via radio with the violating vessel (Amerson and Parsons, 2018; Gómez-Gallardo Unzueta et al., 2023). Similarly, blue whale (Balaenoptera musculus) watching in Loreto, Baja California Sur, Mexico, has specifications generated in collaboration between tour operators and researchers, established in the “Management Program of the Bahía de Loreto National Park” (DOF, 2019).

Studies analyzing tourism activities as SES, combining environmental and social sciences interdisciplinarily, are few and recent (Miller et al., 2022; Richards et al., 2021; Sumanapala and Wolf, 2019). For over a decade, the importance of analyzing the resilience of whale watching to climate change has been discussed (Lambert et al., 2010). However, few studies have analyzed it (Meynecke et al., 2017; Richards et al., 2021; Sousa et al., 2023). These studies have been conducted through participatory workshops and bibliographic data, primarily in Meynecke et al. (2017) and Richards et al. (2021). However, they have not used in situ data on tourist characteristics and satisfaction, nor how the activity’s compliance with regulations and adequate information can influence the resilience of WW to climate change. Therefore, we recommend making efforts to indicate tourists’ preferences to analyze their intersection with other factors that will help ensure the resilience of this activity. It is also important to consider actions directed to animal welfare, such as compliance with regulations, especially in cases like the gray whale, which is already suffering the effects of climate change. Additionally, analyzing different migratory destinations of the same whale population helps understand similarities and differences between localities, which can, in turn, conceptualize an SES that encompasses medium-scale interactions of common factors as described here.

While our study sheds light on the SES of gray whale watching, it is not exhaustive. Knowing some additional factors could help better understand the SES, such as the fixed and variable costs for operators to carry out the activity (Sousa et al., 2023), and possible changes in the whales’ migration timing (Richards et al., 2021). Continuous feedback and stakeholder collaboration can refine understanding and contribute to adaptive management agreements. Our mental model and all the gathered information can serve as a basis for future mathematical models, such as dynamic systems modeling (Richards et al., 2021), which has even been used to evaluate the effect of management decisions in gray whale watching in Ojo de Liebre, Mexico (Rodríguez-Izquierdo et al., 2019). This would allow quantitative explorations of the adaptive responses of the SES to different scenarios, understanding its thresholds and feedback loops, particularly in policy applications (Kwakkel and Pruyt, 2013).




5 Conclusion

The present mental model provides an analytical framework for understanding the dynamics of whale watching, particularly in unique locations such as the communities of the Bahía Magdalena–Bahía Almejas Lagoon Complex, and its correlation with changes in the population dynamics of gray whales attributed to recent climatic changes. This knowledge has the potential to guide adaptive management decisions, prioritizing benefits for the entire community and long-term economic stability while mitigating adverse impacts on whale populations. This study lays the foundation for developing joint strategies to improve resilience and sustainability within the tourism sector by initiating discussions and fostering collaboration among stakeholders. Additionally, it serves as a cornerstone for implementing mathematical methodologies to evaluate scenarios and determine critical system thresholds.
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