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INTRODUCTION

The republic of Guatemala has 402 km of coastline, including the Caribbean Sea and the Eastern Pacific Ocean (CONAP, 2009). Despite having a privileged geographic location and rich marine-coastal biodiversity, it has been considered that “Guatemala has lived with its back to the sea” (Carrera et al., 2012; González-Bernat and Clifton, 2017). This fact is observed through a substantial lack of data and information, which denotes that those marine resources in Guatemala are understudied and subsequently poorly managed. Partially because of poor inter-institutional coordination, scant budget allocation, and lack of human resources (Carrera et al., 2012; González-Bernat and Clifton, 2017, 2021a,b; Caviedes et al., 2021). One of the most relevant reasons that lead to poorly marine resources management is the lag in science and technology in the country.

Limited offer of university programs is insufficient both in terms of coverage (number of programs available) and quality (part-time dedication with little scientific production) (Bonilla, 2021; RICYT, 2021; Martínez, 2022). Consequently, for decades some Guatemalans tend to apply for international cooperation scholarships, university discounts, student loans, or their own sponsorship to educate themselves (Bonilla and Kwak, 2015; Bonilla, 2021). Once graduated, these professionals often decide to establish their residence and workplace in other countries, among other factors, due to the lack of job opportunities and professional development in the universities of their home country (Charum and Meyer, 1998; Mera, 2011; Bonilla, 2021). Therefore, these Guatemalan scientists residing abroad make up the Guatemalan scientific diaspora.

The scientific diaspora could become a resource of interest for the country since it is a group of qualified people who know well the culture of the country where they reside. It might be the perfect opportunity to connect with academic and scientific actors from the productive sectors and government entities (Echeverría-King and Prieto, 2021). Also, they could be a bridge for the execution of cooperation projects and activities, facilitating the exchange and transfer of knowledge and technology (Palacios-Callender and Roberts, 2018; Echeverría-King and Prieto, 2021; Lopez-Verges et al., 2021). In this context, this article aims to describe the potential of the scientific diaspora and how it would contribute to strengthening this area of knowledge.



SCIENCE IN GUATEMALA

The latest report on the State of Science (2021) places Guatemala as one of the countries with low scientific development and a possible cause is the scant budget allocation and lack of human resources. Guatemala barely invests 0.03% of the gross domestic product of science and technology. The concern is that this allocation has not changed in the last decade due to the government and private companies' lack of interest and commitment to granting the necessary economic resource to the development of science and research (Martínez, 2022). In 2019, the spending on investment and development in the country was US$39.81 million (including the investment in the academic sector and the state; RICYT, 2021). Therefore, Guatemala continues to be a country that does not invest in science since it does not consider this a priority. This fact occurs because it is not understood that the material wealth of countries goes hand in hand with their technological development and the fact that investment in science is a long-term strategy that supports the management of biological resources (Pazos, 2020).

Furthermore, the number of researchers in the country is the lowest in the Central American region and Latin America. Guatemala reported 508 researchers (2019), while Costa Rica and El Salvador reported 3,781 (2018), and 1,030 (2019) researchers, respectively. Meanwhile, the benchmark of South America is Argentina and Brazil, with 90,747 (2019) and 421,838 (2018) researchers, respectively. Therefore, this places Guatemala as the country with the lowest number of researchers and limited scientific production. In 2019 Guatemala registered in SCOPUS 2.2 publications per 100.000 inhabitants, while in the same year, Costa Rica, Argentina, and Brazil registered 27.2, 33.2, and 41.6 publications, respectively (RICYT, 2021).

The positive trend for national scientific production in Guatemala in the last decade has been increasing, with 147 publications in 2010, 232 in 2013, 283 in 2016, and 357 in 2019 (Monge-Nájera and Ho, 2018; RICYT, 2021). This positive trend is also indicated in the latest report on the State of Science (2021), which report that between 2016 and 2019, Guatemala dedicated 53.3% of its scientific production to issues related to one of the Sustainable Development Goals (RICYT, 2021). This is encouraging, knowing that the scientific community has shown a greater interest in topics that aim to study these goals that define all the priorities that exist at the global level concerning the significant challenges that are faced to advance sustainable development (UNDP, 2022).



MARINE SCIENCE AND GUATEMALAN SCIENTIFIC DIASPORA

After agreeing with Carrera et al. (2012) and González-Bernat and Clifton (2017) that “Guatemala has lived with its back to the sea,” it is necessary to establish the reasons why the development of marine science in Guatemala has not been given the relevance it deserves. At least two factors could explain these causes:

• Limited offer of university programs: Most of these professionals have received their training in two main ways. (1) Pursue an undergraduate degree in Biology, or undergraduate degree in Hydrobiological Resources and Aquaculture that eventually allows specialization in marine sciences, (2) Pursue a postgraduate degree in Guatemala (master's degree in Marine and Coastal Sciences is the only option), or abroad (MSc or Ph.D. in Marine Science, Oceanography or related). Thus, many of these professionals do not have training in marine sciences per se but rather become trained in this area of knowledge at a later stage of their degree.

• Low and Insufficient Funding: In 2019, Latin America made an investment that represented 0.56% of the gross domestic product of science and technology. The Central America region invests between 0.03 and 0.39%, while the South America region invests between 0.14 and 1.6% (RICYT, 2021).

Although both factors result in a shortage of skilled scientists and technical workforce to cover the country's needs for research & development (Tarifeño-Silva, 2002), in the last decade, a positive trend in national scientific production prevails in Guatemala, which is an encouraging step for the country development. In marine sciences, it is not the exception. However, beyond the evident increase in scientific activity in marine science in Guatemala, the degree of development does not seem sufficient to address the main emerging issues of the discipline, which was recently outlined in the international agenda (National Research Council (NRC)., 2015; Intergovernmental Oceanographic Commission - United Nations Educational, 2017). Most of the scientific publications related to this area of knowledge in the last decade, agree that one of the main problems in Guatemala is the lack of data and updated information. Such as, the description of the fishing fleet and its landings, consumption of hydrobiological products and their production, and the distribution and abundance of marine species, among others (e.g., Brittain, 2016; González-Bernat and Clifton, 2017, 2021a,b; Hernández-Padilla et al., 2020; Muñoz et al., 2021).

The Guatemalan higher education system does not offer the conditions to train and educate marine science scientists and lacks permanent financing for adequate scientific development. This led to the notion that there are several highly-trained professionals in marine sciences in Guatemala's scientific diaspora. To try to identify and characterize this scientific diaspora, the directory of members of four organizations that bring together Guatemalan professionals who do science in the country or abroad was consulted. The total members of the organizations and the number of professionals working in marine sciences were recorded, also identifying whether they work abroad (Table 1).


Table 1. Number of marine sciences professionals and researchers that are registered in a Science and Technology directory in Guatemala.
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Nineteen marine science professionals registered in one or more of these organizations have been identified. However, most of the members are registered under a university's affiliation without specifying a faculty or research center. They also do not indicate academic background, research, and specific profession. Therefore, it was impossible to identify several of these members if they worked in this area of knowledge. Also, through a systematic search of available literature related to marine sciences in Guatemala in the ISI Web of Science and SCOPUS databases, it was found that some of these authors are not registered in any of these organizations, and some have affiliations with the prominent universities of the country. This agrees with Monge-Nájera and Ho, (2018) that the authors with the most significant scientific production in Guatemala coincide with the leading institutions and suggests that high-quality research depends, to a large extent, on individual researchers who lead production in institutions.

The initial search identified 19 marine science professionals, of which 6 are part of the scientific diaspora (although one is registered in three of the four organizations consulted; Table 1). Of these, only three contributed to the scientific development of marine science in Guatemala, with scientific publications in the last decade. Perhaps more professionals have contributed to scientific production or knowledge transfer and cooperation, but we do not know because much of the work done by diasporas is not published and is therefore under-reported. Also, these organizations that bring together Guatemalan scientists and professionals must periodically update their database, and this information must be more dynamic and accessible, so that the benefits are seen as more participatory.



LINKING THE SCIENTIFIC DIASPORA

Regardless of location, it has been described that the scientific diaspora can actively contribute to (1) Strengthen the higher education system, contributing to the design of national and regional postgraduate programs, and increasing the offer of these university programs, (2) Increase productivity and scientific impact, (3) Generate mobility opportunities (executing projects, cooperation activities, facilitate the exchange, and transfer of knowledge and technology), and (4) Be a bridge between science and decision makers, guiding government policies and regulations (Scientific Diplomacy) (ICMPD, International Centre for Migration Policy Development, 2019; Bonilla, 2021; Lopez-Verges et al., 2021). Also, a well-connected diaspora may aid reinsertion strategies (Stehli, 2020) and help design national and regional postgraduate programs that could increase intraregional mobility, strengthen regional collaboration, and increase productivity and visibility of research (Lopez-Verges et al., 2021).

The linkage mechanisms could start with the joint participation of the Ministry of Foreign Affairs with the National Secretariat of Science and Technology (and other relevant actors, e.g., the National Academy of Sciences, Universities) to identify this scientific diaspora and generate dialogue between several actors involved. Also, to map the scientific diaspora, a website can be created through several initiatives that allows the registration of these scientists abroad to understand how many, where they are, and the paths of these scientists around the world. At this same line, two successful cases can be mentioned of mapping the scientific diaspora, Portugal (GPS, 2022) and Costa Rica (Marques et al., 2020; HIPATIA, 2022; Pasamontes, 2022). The global health and economic crisis caused by the COVID19 pandemic promoted higher informal networking through social networks (Twitter, Facebook, Instagram). This served, and could continue, as a tool to identify, connect and create conversation spaces with some members of the diaspora.



DISCUSSION

Undoubtedly, one of the greatest challenges that is facing not only Guatemala, but also several countries in the region and the world, is the national investment in science, technology, and innovation. Guatemala barely invests 0.03% of the gross domestic product (equivalent to US$ 2.40 per inhabitant), which means that a large part of the advanced human capital leaves or remains outside the country, with the subsequent costs for the development of sciences in Guatemala. For this reason, it is necessary to improve dialogue and coordination between the sectors for the development of joint actions that allow opening spaces for communication with the scientific diaspora for the generation of alliances and cooperation that, from the scientific perspective, have an impact on social benefit.

Due to the lack of research in this field in Guatemala, it is hoped to have made a helpful initial contribution and have highlighted some of the core aspects of the contribution of the scientific diaspora. Given the urgency of the current challenges facing the oceans, all available methods to support effective and equitable responses to your study should be used to the best of their ability. It is believed that the link with the diaspora can be important in this matter, by strengthening the system of science and higher education both in Guatemala and in the region.

Finally, it is suggested as a good start, to map the marine scientific diaspora through a systematic and quantitative review of the publications of Guatemalan authors and to characterize their international collaborative networks.
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