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Freshwater ecosystems are considered amongst the most imperiled on earth, since rivers, lakes, wetlands, and other surface waters receive most of the impacts from unsustainable human activities. This has had measurable impacts on freshwater species, and more specifically on freshwater fishes, as data from the Red List show that 23.5% of the 11,937 freshwater fish species evaluated so far, are classified as threatened. Mexico is not exempt from this situation, as a recent report demonstrates that 39.9% of Mexican freshwater fishes are threatened, and there are 21 lost species (extinct + extinct in the wild), the highest number for any country or region of the world. Here we develop a Theory of Change (ToC) to guide management interventions when seeking to prevent further freshwater fish extinctions in Mexico and reversing the current extinction crisis. We describe four thematic areas of intervention: (1) restoration and reintroduction aimed at eight extinct in the wild and four regionally extinct species, (2) conservation management prioritizing 39 critically endangered species, distinguishing between those inhabiting protected areas, water parks, and those with no management nor protection, (3) explorations to find eight possibly extinct species, and (4) communication and outreach to gain support for conservation interventions. The framework has been developed as a tool for conservation advocates and policymakers to implement and monitor change that prevents extinctions, but also to seek and attract funding. It is also meant to guide different levels of government in setting priorities for conservation interventions.
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1 INTRODUCTION
The Anthropocene is characterized by an unparalleled human impact on the global environment, leading to dramatic declines in biodiversity and potentially the first mass extinctions brought on by a single species (Geldman et al., 2019). Nowhere is the biodiversity crisis more acute than in freshwater ecosystems (Tickner et al., 2020). Even though freshwater covers less than 1% of the planet’s surface, freshwater ecosystems support 11% of all animal species and 5% of all plant species (Román-Palacios et al., 2022), and they provide important global ecosystem services that contribute to human welfare and livelihoods (Acreman et al., 2020).
To date 11,937 freshwater fish species (65.2%) out of about 18,290 valid species (Eschmeyer 2022), have been assessed using IUCN Red List criteria, there are 74 extinct and 10 Extinct in the Wild species, 2,576 species are regarded as threatened (23.5%) (Red List 2022).
The same pattern applies to Mexican freshwater ecosystems, as they are possibly the most affected by destructive human activities. Consequently rivers, lakes, lagoons, and other surface waters receive most of the pollutants from large cities, industrial parks, and from livestock production and agricultural activities. These stressors have had measurable impacts on freshwater species (Dirzo et al., 2009), and more specifically on freshwater fishes (Contreras-Balderas et al., 2008; Díaz-Pardo et al., 2016). A recent report (Lyons et al., 2020) demonstrates that the main threats to freshwater fish biodiversity are those from dams and water management/use (including the conversion of spring ecosystems into touristic swimming facilities known as water parks, or “Balnearios” in Spanish), agricultural and forestry effluents, and invasive alien species.
One of the most alarming indicators of the conservation condition of Mexican freshwater fishes, is related to extinct species, as Mexico has 21 extinct freshwater fish species (13 Extinct and 8 extinct in the wild) (Red List 2022). The magnitude of the freshwater fish extinction crisis in Mexico, is evident by comparing extinctions from the IUCN regions, where clearly Mesoamerica stands out with 21 recorded extinctions (all Mexican species), followed by North America (18), South and Southeast Asia (17), Europe (12), West and Central Asia (9), Sub-Saharan Africa (5), East Asia (3), North Asia (2), Oceania (1) and North Africa (1).
Without a formal freshwater fish conservation initiative in Mexico, things could get worse in the short term, as there are four species that are now regionally extinct, and eight that are regarded as possibly extinct. Moreover, there a currently 44 critically endangered (CR), 71 endangered (EN) and 50 vulnerable (VU) species that could add to the extinction crises (Lyons et al., 2020).
Trying to go beyond Red List assessments, IUCN’s Species Survival Commission (SSC) has adopted an “Assess–Plan–Act cycle” and a goal that every species that needs conservation attention is covered by an effective plan of action’ (Lees et al., 2020), this motivated the development of the current planning process, that was created mainly to protect critically endangered (CR) and extinct in the wild (EW) Mexican freshwater fish species.
2 MATERIALS AND METHODS
2.1 Species selection
In selecting species for the present study, we started with the 536 freshwater fish species native to Mexico, that have been evaluated IUCN Red List criteria (Lyons, et al., 2020) and from these, only those considered as threatened by IUCN Red List categories were selected (IUCN 2012). This led us to consider 173 species, however, due to the relatively high number of species, and because the goal is to avoid possible extinctions, it was decided to focus only on those species with the highest risk of extinction, thus critically endangered species (47) as well as those extinct in the wild (8) were selected, so the final number was reduced to 55 species.
As a second step, we reviewed the information from the Red List Databases for each of the 55 species, to identify their distribution, direct threats, as well as the conservation efforts that exist for some of them. As a result, these were divided into three groups: (1) extinct in nature, with eight species, (2) possibly extinct, with eight species and (3) critically threatened, with 39 species, which in turn were subdivided into three groups. based on the level of protection and/or management they currently have, (a) species inhabiting protected areas, 11 species (b) species inhabiting water parks, four species, and (c) species with no management nor protection, 22 species.
2.2 Intervention model
The intervention model for this proposal, is based on the “Theory of Change” (ToC), which is a structured approach to the planning process, that includes the definition of the expected results, the establishment of actions and goals. The ToC is flexible, which is appropriate, given the complexities that are present in these types of interventions, this makes it easier to achieve the expected results (see www.theoryofchange.org). Using this model also makes the implementation and evaluation processes transparent (Balfour et al., 2019). This model has been successful in other interventions associated with biodiversity conservation (Biggs et al., 2017; Rice et al., 2020) and in projects for species restoration, management, and conservation (Balfour et al., 2019; van Eeden et al., 2021).
3. RESULTS
The ToC describes four thematic intervention streams or pathways to impact (Biggs et al., 2017). They are (1) restoration and reintroduction, (2) conservation management, (3) explorations to search for possibly extinct species, and (4) communication and outreach (Figure 1). For didactic purposes they are presented as a series of parallel processes, but in reality, the intervention streams are networked and developments in one stream can have an influence on others. Reversing the current Mexican freshwater fish extinction crisis will require a series of enabling conditions, including suitable habitat (water), multi-institutional arrangements (governance), conservation actions and monitoring (management), money (finance), and legality (policy and procedures).
[image: Figure 1]FIGURE 1 | High level ToC to reverse the current Mexican freshwater fish extinction crisis.
The ToC is intended to serve as a high-level conservation “blueprint” that can be used by policy makers at different levels of government, conservation practitioners, and researchers interested in conserving one or several Mexican threatened freshwater fish species, as has been done for fishes in other regions (Hammer et al., 2009; Lees et al., 2020). When deciding on a specific conservation intervention, other specific and more detailed planning tools must be applied, such as the Open Standards for the Practice of Conservation (CMP 2020), the Guidelines for Reintroductions and Other Conservation Translocations (IUCN/SSC 2013), or the Guidelines for Species Conservation Planning (IUCN–SSC Species Conservation Planning Sub-Committee, 2017), among many others.
Fortunately, stakeholder analysis demonstrates that Mexico has an institutional framework that could facilitate the implementation of such a strategy and ensure its success, since there is a solid national system of protected natural areas, which is complemented by protected natural areas of a state level, and the National Biodiversity Commission (CONABIO), that produces and oversees programs such as this. It also has academic institutions that have demonstrated capacity for the development of successful conservation projects related to freshwater fish species; there are strong Mexican and International NGOs and Aquariums that are interested and have been involved in the conservation of these organisms, in addition to these, there is an increasingly informed population on environmental issues and especially indigenous communities and social groups interested in conservation (Table 1).
TABLE 1 | Key stakeholder groups considered in the theory of change.
[image: Table 1]3.1 Thematic elements for reversing extinctions
Based on the author’s experience in freshwater fish conservation interventions, pathways to impact were further developed, by integrating result chains, where hexagons represent actions, dotted boxes partial results and boxes results or outcomes (Figure 2).
[image: Figure 2]FIGURE 2 | Theory of change (ToC) for reversing the current Mexican freshwater fish extinction crises.
Due to the complexity of the diagram, each thematic intervention, their actions, partial results, and the expected result are described in detail in the next sections.
3.1.1 Thematic intervention 1: Restoration and reintroduction
Reintroduction plays a vital role in conservation for many endangered species (Cheng et al., 2021), especially those extinct in the wild, as it is clear that keeping them in captivity for extended periods of time is unsustainable (Trask et al., 2020). We are in the United Nations decade of restoration, that among other things is a call to action that has the purpose of recognizing the need to massively accelerate global restoration of degraded ecosystems (Waltham et al., 2020). Mexico has fallen far behind in the issue of the effective restoration of aquatic ecosystems, even though this is one of the most significant issues to address if we want to stop or avoid future extinctions of Mexican freshwater fish, since it is intimately related to extinct in the wild species as well as those that are regionally extinct.
As shown in Figure 2, due to the differences in the conservation status of extinct in the wild (EW) and regionally extinct (RE) species these two groups are treated separately, however they converge at the end of the partial result chain, with which it is expected that some of them will be reintroduced back to nature. The details of both groups are described below.
There are currently 8 species of Mexican freshwater fish extinct in the wild (Cyprinodon alvarezi, Cyprinodon longidorsalis, Cyprinodon veronicae, Allotoca goslinei, Skiffia francesae, Notropis amecae, Xiphophorus couchianus and Xiphophorus meyeri) (Red List 2022). It is important to recognize the role that researchers, aquarists, zoos, and aquariums have had in the ex situ conservation of these species, because it has been thanks to their efforts that they have managed to survive despite the threats they faced and in many cases the destruction of their natural habitat (Lascuráin et al., 2009; Grist 2010; Maceda-Veiga et al., 2016). However, there is an urgent need to implement a coordinated strategy for the long-term conservation of these species. This becomes evident with cases such as the recent extinction of the Catarina pupfish (Megupsilon aporus), that despite having been kept in captivity in several aquaria for many years, due to the lack of a consistent coordinated effort, it ended up becoming extinct (González et al., 2020). To prevent this from happening again, it is necessary to work with zoos, aquariums, academic institutions, the aquarium trade, and hobbyists, to implement a strategy that leads to the proper management of stocks in captivity, something already considered in the “Turning the Tide” conservation strategy, developed by the World Association of Zoos and Aquariums (Penning et al., 2009; da Silva et al., 2019).
Part of the ex situ stock management strategy will require, especially if the goal is to return them to nature, to have stocks of these species in Mexico. But to achieve this, the installed capacity of Mexican institutions, in this case universities, zoos and aquariums, must be strengthened to properly manage these stocks, since at present the only facility recognized with this capacity is the “Laboratorio de Ecología Acuática at the Universidad Michoacana de San Nicolás de Hidalgo”, that has led the Fish Ark project, for nearly 20 years (Domínguez 2010). So, the second activity indicated in this component of the project has to do with the repatriation of extinct in the wild species to Mexico, to have sufficient fish stocks in country available for reintroduction.
The second line of action within the component relates to the four regionally extinct species (Xyrauchen texanus, Gila elegans, Hybognathus amarus and Ptychocheilus lucius), that have disappeared from Mexican waters but still exist in bodies of water in the United States. All these species have longstanding conservation projects in the US (Minckley et al., 2003; Marsh et al., 2005; Propst et al., 2018), so the strategy will be to work with our North American colleagues to establish a joint effort for the development of specific projects for each of the species and thus achieve their translocation and reintroduction to Mexico. In this case there is already an important project developed by the Centro Intercultural de Estudios de Desiertos y Océanos (CEDO), who is currently, through a collaboration with the USFWS, working to protect two threatened species (Cyprinodon eremus and Agosia crysogaster) from the Rio Sonoyta in northern Mexico (Duncan 2021), to which the species indicated in the section above could be added.
The two lines of action described above will lead to the development of individual species reintroduction projects, for which the original sites will have to be restored or, where appropriate, new suitable sites will be identified, something that has been developed for various conservation projects in other countries (Cochran-Biederman et al., 2015; Esquivel-Muelbert et al., 2018) and in Mexico (Contreras-MacBeath et al., 2016; Domínguez et al., 2018). So, the expected result will be to return to nature some extinct in the wild and regionally extinct species. This result alone, could help achieve the general goal of reversing the current freshwater fish extinction trend in Mexico.
3.1.2 Thematic intervention 2: Conservation management
The most immediate way to avoid extinctions is to prioritize conservation actions related to the 39 species evaluated as Critically Endangered (CR) by the Red List. But to achieve this, there must be greater involvement from the Mexican environmental authorities, who have the responsibility of the conservation of species in Mexico (Figure 2), as marked by the national environmental law (LGEEPA 2022). So, the first action of this component will be to hold a series of meetings and consultations with the Mexican environmental authorities at the Federal level, to establish a working group who will be responsible for developing, in collaboration with academics and civil society organizations, an intervention model in which conservation actions will be proposed for individual species and/or sites.
To facilitate the identification of priorities and relevant actors, as well as definition of conservation interventions (second action) critically endangered species were grouped in three intervention categories, based on the level of protection and/or management they currently have, (1) species inhabiting protected areas, (2) species inhabiting water parks, and (3) species with no management nor protection, these are described below:
3.1.2.1. Protected areas
Protected areas (PAs) have historically been the global cornerstone of biodiversity conservation and restoration (Vimal et al., 2021) to an extent that currently one-sixth of the earths terrestrial surface falls within protected areas (Geldman et al., 2019). Mexico has followed this global tendency and now has 184 federal protected areas that cover an area of 90,956,124 ha (CONANP 2021), an area roughly four times the size of the United Kingdom. Unfortunately, most of these PAs have been established seeking the conservation of terrestrial ecosystems and/or species, so their impact on the conservation of freshwater organisms has not been very significant, as freshwater biodiversity continues to decline (Hermoso et al., 2016), even though a recent systematic review that analyzed 75 case studies suggests that 51% of protected areas were effective in protecting freshwater biodiversity (Acreman et al., 2020).
Our findings show that there are 11 CR species that are found in 8 Protected Areas, which also include three endangered and one vulnerable species (Table 2).
TABLE 2 | List of CR + species found in protected areas.
[image: Table 2]At the Federal level of protection there is the “Área de Protección de Flora y Fauna Cuatro Ciénegas” in the state of Coahuila (INE 1999), where Etheostoma lugoi is critically endangered and Cyprinella xanthicara, and Xiphophorus gordoni are endangered. The critically endangered Rhamdia reddelli is present in the Tehuacán-Cuicatlán UNESCO-MAB Biosphere Reserve (Arroyave 2019). In the Ramsar site Humedales del Lago de Pátzcuaro, Michoacán threre are three CR species Allotoca diazi, Chirostoma patzcuaro y Algansea lacustris. While the Ramsar site Manantiales Geotermales de Julimes, Chihuahua, is home for Cyprinodon julimes.
Regarding PAs at the state level, we have the “Zona Sujeta a Preservación Ecológica Laguna de Zacapu y su Ribera”, of Michoacán State, also a Ramsar site, where there are two CR species Allotoca zacapuensis y Hubbsina turneri and the threatened Notropis grandis; the “Zona Sujeta a Conservación Ecológica del Estado de Nuevo León, Baño de San Ignacio”, also a Ramsar site, home to the CR Fundulus philpisteri, and the VU Cyprinodon bobmilleri; the “Área Natural Protegida Parque Estatal Manantial de la Media Luna”, State of San Luis Potosí inhabited by Tampichthys dichromus; and lastly the “Zona Protectora Forestal Bosque de Aldama” in Chihuahua, where Cyprinodon pachycephalus is found.
Of all the PAs mentioned above, the only two that have clear conservation actions aimed at protecting their freshwater fish species, are the “Área de Protección de Flora y Fauna Cuatro Ciénegas” (INE 1999). The other, is the Ramsar site “Manantiales Geotermales de Julimes” from Chihuahua, that has many activities aimed at protecting Cyprinodon julimes (De la Maza-Benignos et al., 2012).
All the other PAs have failed to recognize their critically endangered freshwater fish species and to act accordingly. Schleicher et al. (2019) stress the importance of management in achieving conservation results by protected areas, in this sense, our immediate action will be to work with the Mexican Commission on Protected Areas (CONANP), to define specific conservation activities to be implemented by their park rangers in each of the protected areas managed by them. The same will be done with the four State Environmental Ministries in charge of the protected areas under their management.
3.1.2.2 Water parks
One of the most common uses given to large springs in Mexico is related to the construction and operation of water parks, most of which are not managed sustainably, in consequence water is normally conduced into traditional swimming pools, but in some cases the original spring and the resulting stream are relatively unaffected, a situation that has turned these into sanctuaries for critically endangered fish species. This is the case of the four springs presented in Table 3, that constitute the remaining sites for four CR species.
TABLE 3 | List of CR + species inhabiting water parks.
[image: Table 3]There is one species in the northern state of Chihuahua, Gambusia hurtadoi in “Balneario ejidal Ojo de Hacienda Dolores” (Lozano-Vilano and De la Maza-Benignos 2017). There are two species of Goodeidae Ameca splendens CR and Zoogoneticus tequila EN in the “Balneario el Rincón de Tehuchitlán” in Jalisco, this last species has recently been reintroduced into the wild (Domínguez et al., 2018). Astyanax salvatoris is endemic to the Balsas rive basin, and it has a very restricted range as it only occurs at the “Ojo de agua” spring, within the natural springs of Tamazulapan in Oaxaca, in the Pacific slope of Mexico (Schmitter-Soto 2019). In the sulphidic waters of “Balneario El Azufre”, in the locality of Teapa in the southern state of Tabasco there are two species of Poeciliidae Gambusia eurystoma and Poecilia sulphuraria (Tobler et al., 2008).
The strategy here will be a “mainstreaming” approach (Rivera 2017), with entitles going beyond the environmental sector, and to work with the Mexican tourism ministry, trying to access non-environmental funds, and to get formal recognition towards these water parks as sustainable touristic conservation entities. This approach has proven to be relatively effective in several projects in the Mexican State of Morelos (Contreras-MacBeath 2020).
3.1.2.3 Sites with no management or protection
In the 22 sites with no management nor protection, there are 22 critically endangered species (Table 4), distributed by family as follows: Goodeidae (8), Atherinopsidae (6), Leuciscidae (4), Salmonidae (3), and Percidae (1). Sites in this category were grouped by State, because most are found in small areas, consequently apart from Federal protection, it is feasible that each Mexican State could “adopt” its species, as priorities in their governmental programs, something that had relatively good results for the State of Morelos (Contreras-MacBeath et al., 2020).
TABLE 4 | List of CR + species inhabiting sites with no management or protection.
[image: Table 4]The state of Michoacán has five CR species, Allotoca catarinae, Allotoca meeki, Neoophorus regalis, Chirostoma melanoccus and Notropis calientis, this last one shared with the State of Mexico (Lyons et al., 2019). In Jalisco there are four species, all goodeids: Allotoca maculata, Allodontichthys polylepis, Xenotoca doadrioi and Xenotoca lyonsi (Koeck 2019). Puebla also has four species all Atherinopsidae and belonging to the genus Poblana (Poblana alchichica, P. letholepis, P. squamata and P. ferdebueni) which are distributed in three crater lakes of the Cuenca Oriental and a small lake (Lira-Guerrero et al., 2008; Alcocer et al., 2010). In the State of Mexico there are three species Chirostoma riojai, Notropis calientis (shared with Michoacan), and a vestigial population of Algansea Barbata, that is difficult to find, but occasionally some specimens end up in a fish farm in the locality of “Los Reyes” (Figueroa-Lucero & Ontiveros-López 2000). In the Northern state of Durango there are three species, the goodeid Characodon lateralis, and two undescribed species of trout Oncorhynchus sp. nov. “Baluarte Trout” and Oncorhynchus sp. nov. “Acaponeta Trout” (Lyons et al., 2020). In State of Chihuahua there are two species Cyprinella bocagrande from Ojo Solo spring, and another undescribed trout Oncorhynchus sp. nov. “Northern Conchos Trout”. While Coahuila and San Luis Potosí have one species each, Etheostoma segrex and Notropis calabazas, respectively.
These sites need urgent protection and/or species conservation plans must be developed and implemented (third action), and as mentioned above, the main strategy will be to work with regional and/or local governments to establish protection and conservation measures, using conservation planning tools mentioned above. The overall goal of this thematic intervention is to prevent further extinctions.
3.1.3 Thematic intervention 3: Explorations to search for possibly extinct species
One of the issues that has been most sought with the refinement of the red list, is to avoid subjectivity and uncertainty, either due to lack of information or information errors (Rodrigues et al., 2006; Mace et al., 2008; Duenas et al., 2021). Going forwards in the development of a Mexican freshwater fish conservation strategy a fundamental issue is precisely to reduce uncertainty. Because of this, a series of explorations are proposed to search for Mexican lost fishes, that will lead us once and for all to know the real situation of the eight CR species (Tetrapleurodon spadiceus, Chirostoma bartoni, Cyprinodon latifasciatus, Chapalichthys pardalis, Gobiesox juniperoserrai, Chirostoma charari, Chirostoma aculeatum and Notropis marhabatiensis) listed as possibly extinct in the Red List (Red List 2022).
This type of exploration is not new, in 2010 Conservation International launched a globe-spanning search for amphibians (Moseman 2010), and Re: Wild has an ongoing initiative to search for species not seen in decades (GWC 2017). Consequently, the main objective of this intervention will be to clarify the conservation status of each of the species cited above, for which field explorations will be carried out in their historical distribution areas to confirm if they are extinct, or extant.
Work will consist of establishing a task force in charge of developing the initiative. To achieve this, experts who have worked with each species will be included. Special attention will be paid to establishing contact with local researchers as well as with fishermen or members of the communities of each of the basins where the species to be studied are known to exist.
As a first step, the historical records of each of the species will be analyzed to develop a field strategy directed towards the most likely sites in which we can find them, as well as potential sites where they could be present. This will allow us to organize and schedule the field expeditions in such a way as to ensure success.
In field explorations each of the species will be intensively searched for by means of sampling using different fishing gear such as trawl and casting nets, and electrofishing gear. Where possible, underwater observations will also be employed. In each of the field expeditions we will be accompanied by regional experts, as well as professional photographers and videographers from the Mexican Alliance of Conservation Photography, to record in detail each of the explorations and generate material to disseminate our results.
At the end of the explorations, we hope to know in detail the situation of each of the species and be able to reduce uncertainty and consequently we will have a more definitive number of freshwater fish species of extinct in Mexico.
3.1.4 Thematic intervention 4: Outreach and communication
Reduced availability of nature, along with the rise of urban lifestyles, has alienated people from nature in what is referred to as the “extinction of experience”, this is considered as one of the greatest causes of the biodiversity crisis (Schuttler et al., 2018). To implement in practice nature conservation activities, in some cases neither the deficit of experts, nor scientists are the problem, but the conflict of interest between local people, policy-makers and conservationists (Szabó and Macalik 2020). Thus, communication and outreach are a fundamental part of any conservation endeavor (Sutherland 2008), as they are ways to o cultivate a broad public understanding of the diverse benefits that biodiversity provides and promote engagement in actions that may prevent its decline (Cooper et al., 2019). This is especially true when dealing with what some people consider as “non-charismatic” species, a concept well established in the conservation literature (Ducarme et al., 2013). In this sense, much of the problem faced by Mexico’s freshwater fish species, has its origin in the fact that most people do not know either the species or their conservation status, so outside of a fraction of the specialized academic field, very few people know of the extinction crisis happening in the country. In this sense, having a communication and outreach campaign (fist action) will be essential to be able to gain support for the conservation interventions that will be implemented.
The communication strategy will be designed following the methodology proposed by “the biodiversity project (Elder et al., 1998) and based on the principles of the Conservation Optimism (2020) Toolkit. It will be developed with the help of UAEM’s Media Lab, this institution has participated in several of our conservation projects (Contreras-MacBeath et al., 2016; Viveros 2019; Ramírez 2021) and has developed communication materials for IUCN/SSC’s Freshwater Fish Specialist Group (FFSG), Freshwater Conservation Committee (FCC) and for the Alliance for Freshwater Life. The main goal of the communication strategy will be to inform people on what we are doing, and to get them involved in Mexican freshwater fish conservation.
Once the communication strategy has been developed, the second activity will be to produce the communication and outreach materials needed for its implementation. The result will be a widespread knowledge among important stakeholders of the situation that Mexican freshwater fish species are facing, what we are doing to protect them, and how they can get involved in the solutions, in other words Mexican freshwater fished appreciated by people.
4 DISCUSSION
In recent years, Mexico has achieved mixed results with regards to its biodiversity commitments to the Convention of Biological Diversity (CBD), with some positives related to raising awareness to biodiversity values, invasive alien species, protected areas, and preventing extinctions (CONABIO and UNDP 2019), but as highlighted in this document, this has not positively impacted freshwater species, nor their ecosystems. To cite an example, the Programme for the Conservation of Species at Risk (PROCER) (SEMARNAT 2020), coordinated by the National Commission of Protected Areas (CONANP), has developed, and implemented to date 51 Action Programs for Species Conservation (PACE), but unfortunately at present there is not a single PACE focused on the conservation of any Mexican freshwater fish species. Considering that the Mexican species Protection List (SEMARNAT 2010) recognizes 2606 Mexican species at risk and that the existing 51 PACE only cover 10% of the Mexican species at risk. If things remain as they are, no foreseeable progress will be made in the development of PACE for freshwater fish species that are in urgent need of conservation actions.
In response to this, we propose an initial overarching ToC, that as stated by Rice et al. (2020) can serve as a pathway useful in identifying potential weaknesses in the intervention’s design. We recognize limitations to this proposal, mostly related to enabling conditions, including the availability of suitable habitat (water), as Mexico deals with severe problems in water availability and pollution, as well as increased drought and flooding. The most overexploited aquifers are situated near the biggest cities, or at the north, where most arid areas occur (Ortiz-Partida et al., 2020) (Otazo-Sánchez and Navarro-Frómeta 2020), and this condition is expected to worsen due to climate change, which will increase the pressure on the already highly threatened freshwater ecosystems in Mexican arid lands (Contreras-MacBeath et al., 2014). Another limitation that relates to the reintroduction component of this proposal, is the availability of suitable species founder stocks, with adequate genetic lineages, to avoid hybridization, or other detrimental genetic consequences. With this in mind, strict conservation intervention procedures are suggested be followed, such as the Guidelines for Reintroductions and Other Conservation Translocations (IUCN/SSC 2013).
There may also be limited support by important stakeholders or lack of political will to promote changes via any of the four proposed mechanisms. For example, we are not certain that federal and local authorities will agree to get involved and allocate funds and personnel towards planning and conservation actions, as there has been a negative trend in environmental spending in Mexico since 2016 (UNDP Mexico 2021), which has limited the capacity of many environmental Institutions such as CONANP and CONABIO to achieve their goals.
If negative Anthropogenic impact results from previous conscious decision making by humans, so it follows, that conscious decisions can also steer the planetary future away from the existential risks to shape a positive outcome for the Anthropocene (Thomson and Newman 2016). By means of a simple, but innovative planning process, our ToC seeks to take advantage of the knowledge we now have on the conservation status of freshwater fish species (Lyons et al., 2020), the robust Mexican environmental institutional framework, the interest of many academic and private institutions (mainly zoos and aquariums) and a public eager to participate in species conservation interventions, to shape a positive future for freshwater fish species in Mexico.
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Area Natural Protegida Parque Estatal Manantial de la Media Luna, del Estado de San Luis Potosi
Zona Protectora Forestal Bosque de Aldama, del Estado de Chihuahua
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