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Abstract

:

Madagascar is a biodiversity hotspot under threat, with about 80% of the population living below the poverty line and dependent on the use of diminishing local resources. Environmental education (EE) can act as an important tool for biodiversity conservation, however, its implementation is challenging in low-income countries. Here, we provide a review of 248 EE interventions throughout Madagascar. We highlight how EE can promote pro-environmental behaviors and show the major obstacles it faces, using Madagascar’s Lake Alaotra as a case study area. All EE activities are implemented by non-governmental organizations (NGOs) and international institutions. EE and community engagement have been shown by practitioners and scientific research alike to be valuable tools but are severely restricted in their impact when their outreach is limited by insecure and insufficient funding, and often funding periods that are too short. Another major hindrance to EE producing positive changes in people’s real-life decisions in low-income countries like Madagascar, arises when lessons are taught to a population that is at once understanding and severely constrained in its choices due to poverty, and corresponding malnutrition, that forces people to make unsustainable decisions on a daily basis. Our conclusions should help to improve the practice of EE in Madagascar and other low-income countries.
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1. Introduction


Madagascar is a diverse country in many ways. The world’s fourth biggest island, and conservation hotspot, is well-known for its richness of species and outstanding degree of endemism [1,2]. Historically, the Malagasy population was formed by settlers from Indonesia, the African mainland, and Arabic trader communities, resulting in a multitude of at least 18 different ethnic groups that are deeply rooted in local culture, traditional beliefs, and rituals (e.g., [3,4]).



Despite its biological and cultural diversity, Madagascar is among the poorest countries in the world with approximately 78% of the population living in extreme poverty with an average income of less than US$2 per day [5]. As about 65% of the Malagasy population is confined to rural settings, with restricted access to infrastructure and cross-regional markets [5], the dependence on local resources is high [4,6]. Traditional methods of crop farming and game hunting have been identified as being unsustainable given the recent development of strong population growth [5,7,8,9], and consequently, biodiversity and human livelihoods are under threat. An increasing demand for arable land is fueling deforestation and degradation of natural ecosystems [7,10]. Additionally, the over-exploitation of wildlife, so-called “bushmeat hunting”, is contributing to the decline of many species [11,12,13]. Despite receiving hundreds of millions of US dollars from international donors over the last fifteen years for environmental projects alone, ecological issues are prevalent all over the island. Unsustainable resource use, deforestation and habitat degradation facilitate erosion, changes in local climates, and the loss of livelihoods, especially in rural areas [7,10,14,15].



In order to foster biodiversity conservation, a broad consensus on the role of environmental education (EE) in teaching people from all ages about the biophysical environment, associated problems and possible solutions by encouraging pro-environmental behaviors has been built during the last few decades [16,17,18,19]. EE has been successfully used in biodiversity conservation programs in different settings and countries throughout Africa [20,21,22]. It is closely linked to a country’s system of formal education. In Madagascar, this system is in constant evolution and is currently divided into six years of compulsory primary school education and another four and three years of junior and senior secondary school education, respectively. Each level of schooling is successfully completed by passing the respective final examination which then allows students to apply for the next level of schooling [23]. Attendance at secondary schools, applied colleges, and universities is voluntary and is particularly a privilege for children from urban areas with parents who can afford school fees. In general, there is a marked decline of education options from (large) cities to rural villages [24]. The expected number of years of schooling is 10.5 years whereas the actual mean duration of schooling is about 6.1 years; 6 out of 10 students leave primary school without taking the final examinations [5] while only 3% complete secondary school education [25,26]. For an in-depth description of the Malagasy school system and its challenges see Reibelt et al. [25]. However, in strong contrast to Western education experience, universities are usually the first opportunity for adolescents to make contact with Madagascar’s unique biodiversity and environmental challenges [27,28]. The result is a generally low awareness of ecological processes and issues that threaten people and wildlife concurrently. A striking example is the illegal hunting of bushmeat (e.g., endangered lemurs and other mammals [13,29,30]) in many regions based on the misbelief that wildlife is free for consumption, alongside a generally low understanding of environmental laws [19,31,32].



Here, we present the first comprehensive literature review on the history and current situation of EE in Madagascar. We compile an overview of the diverse landscape of EE interventions in Madagascar and ask the question of whether EE is able to promote pro-environmental behaviors of Malagasy people and what the important determinants of success are in this process. We introduce the region of Lake Alaotra as a case study of an area that is concerned with all of the above-mentioned problems and has been the focus of a multitude of EE programs. We hope to contribute to an overdue expansion of the scientific evaluation of EE interventions.




2. Materials and Methods


We conducted a structured literature search using key terms and synonyms, in combination with “Madagascar” to spatially restrict the search, using Web of Science and Google Scholar search engines. Key terms included “education”, “environment”, “conservation”, “school”, “teaching”, “students”, “pupils”, “awareness”, and “development” in various combinations. This resulted in a total of 67 scientific articles and reports. Additionally, we used data compiled by Reibelt [33] and the Lemur Conservation Network (https://www.lemurconservationnetwork.org/) and expanded the database on EE interventions by utilizing the Google search engine to locate education projects by governmental and non-governmental institutions using our key terms (with a trilingual search in English, French and German). The database was temporally restricted to interventions between 2009 and the present and structured according to the site of an EE intervention and its target group (s. Supplementary Materials). Target groups were defined as administrative bodies (“officials”), school children (“students”), “teachers”, or all village members regardless of their age or profession (“villagers”, Figure 1). Interventions were defined as day centers that offer open libraries, computers, educational materials or meals (“center”), “environmental clubs” that engage participants in group learning, environmental festivals or movie nights that aim to raise awareness about environmental topics (“events”), organized field trips to forests or protected areas (“excursions”), contributing books, posters or other materials for use in EE lessons (“school material”), and EE lessons given to all target groups concerning various environmental topics (“training”, Figure 1)




3. Distribution of EE Interventions in Madagascar


We found a total of 248 EE interventions conducted by 41 different non-governmental organizations (NGOs) since 2009 (Table S1, Supplementary Materials). Although most of these NGOs are based abroad (78.0%, 32/41), all have Malagasy counterparts that work in the respective project areas. Additionally, several governmental or intergovernmental agencies (e.g., UNICEF, USAID, US Peace Corps, Norwegian Agency for Development and Cooperation) are engaged in improving the educational infrastructure. However, their actual efforts concerning EE were difficult to determine due to their country-wide and diverse projects. We therefore restricted our analysis to interventions for which sufficient data existed to evaluate their contribution (Table S1).



Most EE interventions are associated with existing research, conservation, or restoration projects in regions adjacent to remaining forest blocks and protected areas (Figure 1). Certainly, these regions are of major importance for species conservation and limited funds of NGOs are used most effectively in areas where a conservation output can still be measured. However, some high priority areas for species conservation are still neglected by EE interventions. These are located roughly around Mananara-Nord National Park (NP), Isalo NP, Midongy-Sud NP, Andrigitra NP and Tsingy de Bemaraha NP (Figure 1). Furthermore, vast areas away from conservation hotspots are not currently targeted by EE at all.



A minority of 19.8% (49/248) of all EE interventions were evaluated in terms of their success or the obstacles faced, and even fewer were evaluated according to scientific standards with results being published in the scientific literature. As is the case in other low-income countries [34,35], most interventions to date were implemented without any evaluation. We see a high potential for large-scale and cross-sectional evaluation of these interventions.




4. EE Interventions and Their Influence on Different Target Groups


4.1. Educational Determinants for Preschool Children


EE interventions usually do not target pre-school children. However, early childhood development is the foundation for the lifelong process of learning [37,38]. For example, malnutrition disrupts the natural development of children and results in deficits concerning speaking skills and cognitive development [37,39]. The largest differences between well-nourished and mal-nourished children in a case study on three- to six-year-old children were detected at the age of six (age of school enrollment). Cognitive, language, and behavioral parameters were observed to be negatively affected [39], disadvantaging young learners right from the beginning of their formal education [37,40]. Under conditions of livelihood stress, it is quite common that only the working members of a household receive sufficient nourishment [41]. Therefore, it is not surprising that in Madagascar, almost half of all children are threatened with malnutrition today [5]. It has been repeatedly reported, that malnutrition is counteracted by the consumption of bushmeat, deriving (all too often) from endangered species [11,13,41]. Impaired food security therefore not only threatens biodiversity due to bushmeat hunting, it also negatively affects the nutrition and proper development of pre-school children [9,39,41].



Apart from child nutrition, the socioeconomic status, wealth, and cultural context, as well as nutrition access of households, affect the school attendance rate [42,43,44]. For example, in some ethnic groups across Madagascar, traditional gender roles can prevent adolescents from being sent to school due to their domestic duties or fishing activities [43]. However, the education level of parents—at its most basic, knowledge about the benefits of education—can significantly improve school enrollment rates in communities that maintain traditional gender roles [42,43]. In a recent study from north-eastern Madagascar it was demonstrated that parents’ attitudes towards sending their children to school have changed over the last two decades, with most interviewees referring to enabling education for their children as their main aim today [45].




4.2. Environmental Education in Primary Schools


Primary schools represent the only opportunity for the majority of Malagasy people to participate in formal education [25,46]. Enrollment in primary schools is about 70% [5] and factors preventing children attending school are manifold, including malnutrition, illness, economic pressures, labor-intensive periods for households, traditional gender roles, and long distances to schools [39,42,43]. Unfortunately, drop-out rates have remained high for decades [46,47,48] and the mean number of years of schooling is low [5]. Today, less than 30% of the Malagasy population acquire the final grade of primary school education [5,46]. Particularly disadvantaged households require the labor of children and adolescents to sustain their livelihoods, meaning that school attendance may not be an option for most of them [43]. Street children in Antananarivo, Madagascar’s capital city, were mostly deprived of any formal education due to economic activities and begging to secure their survival [49]. In some rural areas, more than half of the weekly time expenditure is dedicated to food acquisition [41], and households with fewer inhabitants are more vulnerable to internal or external stressors [50,51]. These so- called “shocks” consistently provoke a transition from school to work for adolescents and are primarily triggered by financial losses, diseases, death of family members [50], or extreme weather conditions [51]. Another major reason for considerably high drop-out rates can be found in the limited access to responsible family planning and contraceptives (e.g., condoms), promoting early childbearing and subsequently the drop-out of girls from the educational system [52,53]. However, school attendance alone does not necessarily ensure learning and the acquisition of basic reading and writing skills [54].



Therefore, most of the identified EE interventions (approximately 48.8%,121/248) target school children. Although the first programs were already initiated in the 1980s, when providing conservation education in primary schools was part of the process of founding the Ranomafana NP [55], EE is still not, or is only marginally, implemented in the official Malagasy school curriculum [25,27,28]. The reasons for this may be complex, with political instability acting as one explanation [56]. Where EE takes place in the classroom, its outcomes can obviously be hampered by using inappropriate teaching materials. For example, two research teams reported independently, from two rural regions, that school children saw air pollution as a major environmental problem [25,57]. Since factories were completely absent and individual transport was virtually absent, these findings can only be explained by the use of textbooks originating from Europe. Even students who attended school until reaching the final grade often did not engage with any, or only a few, environmental or biodiversity issues and with Madagascar’s unique flora and fauna at all [25,27]. This imbalance was first noticed by nature conservation-oriented NGOs that have tried since the 1980s to distribute educational materials to schools to supplement the regular curriculum and to strengthen their conservation efforts with a complementary educational approach [55].



In 2005, a collaboration between the École Normale Supérieure (ENS) in Antananarivo, the Durrell Wildlife Conservation Trust (Durrell), and GERP (Groupe d’Etude et de Recherche sur les Primates de Madagascar) initiated the Ako book project [48]. The books were artistically illustrated and bilingual (Malagasy and English) to be particularly useful for promoting in language lessons. The books were distributed on a country-wide scale and accompanied by educational posters so that a large number of students should be reached who only had limited contact with books in their everyday lives [48].



Dolins et al. [48] evaluated the effectiveness of the first Ako book, about Ako the Aye-Aye (Daubentonia madagascariensis). Most students liked the book because of its colorful illustrations. However, knowledge about conservation of the Aye-Aye varied considerably between schools and areas, mainly due to the distance to remaining forests and the lack of opportunity to know about these animals in their everyday lives [48]. Despite the visual appeal of the Ako book, the communication of conservation messages was insufficient due to the lack of teacher knowledge on how to use the supplementary material properly [48]. The Ako book project may have not reached its full educational potential when supplying untrained teachers with new teaching materials. To enhance the effectiveness of supplementary materials, existing teacher training by GERP and ENS required drastic expansion [48]. In addition, the Aye-Aye may have been an especially poor choice for the wish from a Western perspective to transmit a conservation message, as Rakotomamonjy et al. [19] reported that during their EE intervention in Eastern Madagascar almost all children and parents described this animal as “scary” and cared less for its continued survival than for that of other lemur species. This is rooted in traditional Malagasy beliefs seeing the Aye-Aye as a harbinger of evil [58]. Furthermore, the distribution of books as supplementary schooling material is a costly intervention. For example, McGuire et al. [59] reported that for 350 books with 135 pages (including design, print, shipment, distribution, and community events to increase acceptance) a total of US$6000 was spent, equaling an effective cost of US$17.1 per book. However, the authors concluded that this money was well-spent according to the success of the project in raising awareness and reducing lemur hunts, at least in the short term.



The effective use of EE materials in teaching strongly depends on teachers’ skills to properly transmit the conservation message behind the material [48,54,60,61,62]. In general, only 17% of the teachers in primary schools are trained to teach [5], and Ormsby [63] identified insufficient teacher training in EE as a major hindrance for teachers to use the EE materials provided in schools on the Masoala peninsula. Balestri et al. [61] conducted four consecutive two-hour EE interventions with rural teachers from south-east Madagascar (around Tolanaro, Figure 1). These lessons included presentations of local topics on forests, lemurs, and the importance of an intact ecosystem combined with discussions and evaluations of the knowledge gained. As a result of this straightforward approach, targeted teachers retained environmental knowledge over at least one year, supposedly leading to increased transmission of pro-environmental knowledge to school children. However, this study lacked a control group [61]. Although 14.1% (35/248) of all EE lessons were given to teachers to improve their pedagogical skills for subsequent EE lessons, several target areas for EE in Madagascar still lack teacher training as a supporting measure for proper communication of environmental topics (Figure 1).



Teaching performance is additionally hampered by low rates of teacher attendance in schools and high teacher–student ratios in many low-income countries (e.g., [5,54,64]). In their sample, Reibelt et al. [25] found an average class size of 49 students and a maximum of 92 children per class in the Alaotra region whereas the Malagasy average is about 42 students per class [5]. Teachers facing large classes rely mostly on ex-cathedra teaching instead of using more activating teaching methods [25]. In Madagascar, low salaries and an ineffective system of payment combined with job insecurity, and the lack of basic infrastructure and teaching materials negatively influence teachers’ job satisfaction and their motivation to go to work [64,65,66]. To worsen this situation, only a limited percentage, especially of rural teachers, receive a salary from the state and salaries often have to be augmented by parents or are paid completely by them [25]. The security of being paid by parents increased teacher attendance and successful schooling, resulting in all but one student of the same cohort from three secondary schools from Maromizaha (Figure 1) passing their final primary school examinations [67].



EE lessons given to school children can have strong effects on environmental awareness and attitudes. Comparing two primary schools within the same rural village near Ranomafana NP (Figure 1), of which only one included EE in their curriculum, Korhonen and Lappalainen [57] demonstrated that only students from the school including EE mentioned erosion (locally present) as an environmental problem even though all the children grew up in the same environment. In contrast to the other school, students were able to offer explanations and possible solutions to this mostly man-made problem [57].




4.3. Extracurricular Activities in EE


Apart from primary school education, 11.3% (28/248) of all EE interventions supplement the formal school curriculum. These approaches either aim at offering additional lessons to improve students’ school performance (e.g., in the final in examinations) or support interested students in participating in environmental organizations or clubs.



The Madagascar Fauna Group (MFG), for example, initiated so-called “Saturday schools” at Ivoloina near Toamasina (Tamatave) in eastern Madagascar (Figure 1). Every Saturday, they offered additional lessons in French, mathematics and environmental subjects to students from the surrounding schools [68]. Before the Saturday schools were established in 1994, only 4% of school children from the adjacent villages passed their final examinations [68] whereas in 2014 almost nine out of ten participants were able to attain their primary school grade [69]. According to Freeman [68], this impressive success was achieved due to the extensive pedagogical skills and knowledge of the Saturday school teacher. Therefore, a key measure during the expansion of the Saturday school network around Ivoloina was to educate teachers and to expand their pedagogical skills [69].



Besides these Saturday schools, environmental clubs offer a platform for interested students to participate in environmental management and resource use and to learn about biodiversity and species conservation [48]. In 1987, the WWF initiated the first Vintsy (Kingfisher) clubs (WWF homepage) that are still in existence today. Four years later, Vintsy magazines were printed as an additional outreach program. The network of Vintsy clubs has drastically expanded over the last few years and associations can be found all over Madagascar. The official EE and communication program of Masoala NP made successful use of environmental clubs and practical work with school and community tree nurseries [63]. Interestingly, active participation in club activities provided by NGOs (e.g., the Vintsy clubs) is becoming increasingly important for young Malagasy professionals seeking job opportunities with international employers [70]. At Ranomafana NP (Figure 1), the Centre ValBio also initiated “Conservation Clubs” that offered a nine-month training program to educate students about local species and the valorization of local resources. Participants were further encouraged to actively engage in resource management and reforestation activities [48]. To date, a total of 35 clubs have been established adding up to 1590 participants from all around Ranomafana National Park [71].



Similarly, so called “outdoor classrooms” targeted school classes to organize excursions into the rain forest to learn about biodiversity and forest management. In 2016/17, these outdoor classrooms had a total of 1624 participants from around Ranomafana NP [71]. This approach can have a significant impact on participants, at least in the short term, as illustrated by Patel et al. [72], who conducted “outdoor lessons” concerning the conservation of the critically endangered silky sifaka (Propithecus candidus) in NE Madagascar. These lessons proved effective in enhancing awareness. Whether this awareness turned into pro-environmental behaviors to help protect the silky sifaka has not been evaluated.



Another program called “Children and Trees Growing Together” aimed to supplement existing school lessons by teaching school children, together with their teachers and parents, about planting trees and restoring degraded forest habitats [48]. All 15 schools targeted with this approach established tree nurseries and started reforestation measures that are still present today [48,71]. Environmental or conservation clubs are nowadays introduced in all major EE areas of Madagascar (Figure 1), illustrating their perceived high value for EE and species conservation, although only a few of these interventions have been scientifically evaluated to date. However, Korhonen and Lappalainen [57] stated that EE was most efficient when it offered hands-on experience in addition to classroom lectures. Furthermore, students who obtained EE lessons could act as multipliers by vertically transferring knowledge to their parents [19]. In fact, parents’ knowledge on environmental topics was higher in villages where school children attended an intervention, highlighting the potential to reach an even wider audience than previously thought [19].




4.4. Implementation of EE and Environmental Sciences in Secondary and Higher Education


Environmental education in the higher educational system in Madagascar was first realized in 1995, when a course on anthropology and primatology was offered at the University of Mahajanga [73]. From that starting point, programs on environmental sciences and education have drastically increased and today the universities of Mahajanga, Antananarivo, Toamasina and Toliara offer license, Masters or PhD programs in environmental sciences. Furthermore, several technical colleges have integrated programs on agronomics and educational sciences, and university teachers such as Dr. Hantanirina Rasamimanana provide courses in EE and education for sustainable development (ESD) at university level in teacher training (e.g., Ecole Supérieure de Sciences Agronomique and Ecole Normal Supérieure in Antananarivo, Institut Supérieur de Sciences, Environnement et Développement Durable ISSEDD at Toamasina University). In particular, the training of future teachers has a high potential to spread the ideas of EE in the Malagasy educational system. However, these programs are out of reach for the majority of Malagasy people. Nevertheless, an extensive community of Malagasy researchers in environmental sciences is growing. Today, Malagasy students and senior researchers are participating in almost every research project conducted in Madagascar. Experiences during higher education such as excursions or contact with international researchers have proved especially significant for the choice of occupation of Malagasy conservationists and environmental educators [28].




4.5. EE Interventions Targeting Adults


The first step towards EE for adults is often to raise awareness about local biodiversity and related issues. In Madagascar, the earliest approaches date back to the late 1980s and followed a rather “Western” rationale of thinking by implementing informal EE into existing zoological gardens. In 1988, the Madagascar Fauna Group in collaboration with Duke University Primate Center and the Malagasy Department of Water and Forest took over management of the Parc Zoologique Ivoloina (near Toamasina, Figure 1) to re-build the old zoological and botanical garden, exhibiting native species, combined with the establishment of an education center for local communities and tourists [74,75]. One year later, the World Wide Fund for Nature (WWF) started an EE center at the Botanical and Zoological Garden of Tsimbazaza in Antananarivo [76,77]. To date, the success and outreach of these early approaches have not been evaluated. However, zoo-based education may struggle with reaching a wider audience when implemented in a cultural setting that is not used to this kind of venue. However, entrance fees for Malagasy people are comparably low (e.g., 500 Ariary (US$0.14) for Tsimbazaza Zoo and 1000 Ariary (US$0.28) for adults for Parc Zoologique Ivoloina) and today the Tsimbazaza Zoo especially is often frequented by locals (personal communication, J.H. Ratsimbazafy).



In 1997, a more culturally appropriate approach was initiated by the Durrell Wildlife Conservation Trust (Durrell) by celebrating Madagascar’s unique nature with the first “Festival of the Marshes” (Malagasy name: “Fetin’ny Zetra”) at Lake Alaotra. The festival offered a public platform for school competitions and collective ceremonial praying, as well as a theater play [75,78]. The latter focused on an old legend in which the water in the lake represents the source of life for all animals, plants, and humans around the lake. By abusing the natural resources, destroying marshes, or killing animals the natural environment will become a hostile place, therefore conservation and careful management of the marshes should be promoted (for the entire story see [78] page 165). The main objective of this informal approach was to allow communities to exhibit their local culture and traditions in terms of important regional environmental issues. Furthermore, this approach focused on a broad opportunity to participate, either as actors or as audience members and the primary use of oral skills for communication, due to high illiteracy rates in the region [75,78]. An evaluation of this informal approach revealed that theater especially was an effective tool for EE [78]. The awareness of environmental issues concerning degradation of the marshes was already high, but it required the festival of the marshes to motivate local communities to manage the ecosystem in a pro-environmental way [75].



By taking over these ideas, GERP in collaboration with national governmental institutions, zoos and NGOs initiated the “World Lemur Festival” in 2014 to raise awareness about lemurs and to celebrate the endemic lemur diversity on a nationwide scale. Since then, the festival has been celebrated annually throughout Madagascar and zoological institutions all over the world. However, none of the above approaches have been evaluated for their effectiveness.



Another way of raising awareness is based on the inclusion and participation of local communities in resource management. For example, participatory approaches for environmental monitoring are implemented at Lake Alaotra (see Section 5) and the Centre ValBio (Figure 1; [71]). At Ivoloina, MFG environmental groups or clubs are not only for school children but rather are open for all people who are interested in managing the ecosystem and learning about new methods of farming practice [68,79]. Concurrently, a model station for agricultural practices was established to teach more effective and sustainable farming techniques [68]. Opinions on these programs at Ivoloina were predominantly positive and they succeeded in reaching MFG’s main goal of raising awareness about environmental issues [79]. However, most respondents to interviews and questionnaires were not able to identify the main objectives of the education programs, indicating that a clear statement about this was absent [79].



A social marketing campaign was used by Blue Ventures and Rare Conservation to stop destructive fishing practices within the Velondriake locally managed marine area, SW Madagascar (Figure 1; [80]). The campaign made use of local laws (“dina”) to strengthen adherence of the fishers to fishing laws forbidding destructive practices and used diverse outreach methods to reach the target audience. Furthermore, these campaigns were supported by celebration ceremonies that were aiming at increasing the local value of the dinas by sanctifying the locally protected area [81]. An evaluation one year after the campaign showed improved knowledge and positive attitudes about dina. The enforcement of dina increased and destructive fishing methods decreased moderately [80]. However, the campaign costs to target these fishing villages alone were quite high at approximately US$40,000, excluding costs for the campaign design, implementation and evaluation. In contrast, Westerman and Gardner [81] concluded that the use of ceremonies to further value the locally protected areas were worthwhile concerning their input costs of about US$500 per ceremony. Overall, the authors proved, in one of the few evaluated EE interventions in Madagascar, the suitability of social marketing for fostering behavior change within communities of rural resource users [80].



Although the use of local taboos (“fady”) and dinas are reported as useful tools by several authors [80,81,82,83], the value of these traditional community laws has been eroding recently due to increasing domestic migration and the loss of the local rooting [29,80]. This problem of disregard for local customs, that themselves were put in effect to ensure sustainable resource use, is repeatedly reported by conservation practitioners throughout Madagascar.



Awareness of environmental issues can furthermore be raised in various other ways; especially in rural areas, local radio stations and broadcasting—or more recently podcasts—can be used to provide information about local environmental topics, management, or species protection [71,77]. Furthermore, several NGOs use film nights to show documentaries. Durrell used regional radio and TV stations to promote their village festivals during the participatory monitoring competition from the start of the program to increase its outreach [84]. People traveling by public transport are the target group of a cooperation between GERP and the tour operator “Cotisse” that runs all main routes along the national roads—RN2, RN4 and RN7—between Mahajanga, Toamasina, Antananarivo, Fianaratsoa and Morondava. During journeys, the movie “Bandro: The Hidden Treasure of Lake Alaotra” is shown on on-board television screens. This film, that was produced by GERP and released in February 2017, illustrates the environmental problems of Madagascar’s most important rice production area (Lake Alaotra) and the difficult search for the critically endangered Alaotra gentle lemur (Hapalemur alaotrensis; personal communication, J.H. Ratsimbazafy).





5. Limits of EE in Promoting Pro-Environmental Behaviors in Low-Income Countries: The Case of Lake Alaotra


In this section, we further focus on developments around Lake Alaotra (Figure 1) to illustrate which factors are still preventing pro-environmental behaviors in a large rural population. Due to prolonged scientific activities by various NGOs and research groups, such as our own research group on ecology and EE at the University of Hildesheim, the published record is especially good for this region, making Lake Alaotra a valuable case study for EE, with significant implications for other low-income countries.



5.1. Environmental Situation at Lake Alaotra


Lake Alaotra and its surrounding fresh-water marshes (the typical wetland vegetation of the area) is the largest wetland complex in Madagascar; it represents the country’s biggest inland fishery and is an important rice granary area, producing approximately 300,000 tons of rice per year [85,86,87]. Lake Alaotra has been legally protected as a Ramsar site since 2003 and by national law as a Nouvelle Area Protégé (NAP) since 2007. However, human needs collide with biodiversity conservation and ecosystem functioning in this region. Livelihoods mostly depend on smallholders cultivating rice and vegetables and family-based fishing activities [88,89,90]. Even if conditions for making a livelihood are harsh, they are nonetheless still above the Malagasy average, leading to a massive population influx, with approximately 110,000 inhabitants in 1960 [91] to over 560,000 inhabitants currently [90]. Human pressure on land and resource overuse have led to a nexus of interlinked problems including deforestation and erosion, siltation of agricultural lands, declining harvests, marsh fires, land conversion into rice fields, overfishing and declining catches, spreading of invasive fish and plant species, and a decline in the general ecological state of the lake [14,84,90,92,93,94,95]. This ongoing degradation is found in most of Madagascar’s wetlands [96]. The native endemic flora and fauna of Lake Alaotra and its marshes are also threatened due to these human-made pressures. Considering waterfowl as an example, the Alaotra grebe (Tachybaptus rufolavatus) has already been declared extinct, the Madagascar pochard (Aythya innotata) is in steep decline and lost from Lake Alaotra, and Meller’s Duck (Annas melleri) is listed as threatened [97]. Additionally, the critically endangered Alaotra gentle lemur (Hapalemur alaotrensis) or Bandro (the vernacular name) is one of the most threatened primates in the world. This locally endemic species is restricted to the marsh belt of Lake Alaotra and is, therefore, especially sensitive to marsh conversion into agricultural land, human-induced marsh fires, habitat fragmentation and bushmeat hunting [98,99,100].




5.2. Past EE Interventions at Lake Alaotra


Because of its outstanding economic and ecological importance (see above), the Lake Alaotra region has received much attention from state agencies and different NGOs for over twenty years now. EE projects have included targeting formal education in primary schools, informal approaches such as the “Festival of the Marshes”, participatory monitoring of the wetlands, and community-based management of protected areas and natural resources such as fish stocks.



Durrell has been active at Lake Alaotra since 1986 and started its public awareness campaign in 1997. As is often true for Western NGOs, it started with research on endemic species as part of a species conservation program and later included EE as tool to include the local population [84]. Durrell uses participatory and educational approaches in a wide sense, including stakeholder meetings and workshops, participatory ecological monitoring including an inter-village competition, initiating and supporting local grass-root initiatives in marsh conservation, training of local tourist guides, and awareness campaigns such as environmental quizzes during village meetings as well as EE in local schools. The value of intact marshes for people’s livelihoods and wildlife alike should be transmitted by pointing out their services to the ecosystem [84,87]. Durrell was involved in the elaboration of management plans and the establishment of community-based protected areas such as the “Parc Bandro”, a protected area of approximately 85 ha that is the refuge of the largest remaining population of H. alaotrensis. During the last monitoring campaign in 2008, family groups of this primate were larger, more frequently encountered, and more docile which was attributed to local community management contributing to conservation efforts [101]. As a result, monitoring of the marshes showed a decline in marsh fires during the period 2000–2003 and greater environmental knowledge and awareness were correlated with improved environmental management by resource users [84].



Madagascar Wildlife Conservation (MWC) uses ecotourism and thereby the non-consumptive valorization of nature for local communities, awareness campaigns and EE [102]. MWC started to distribute comic books on environmental topics to primary schools around Lake Alaotra in 2006 [47]. Based on typical cultural elements from the region, these comic books aimed to explain the main environmental issues such as slash-and-burn agriculture, lemur hunting and the importance of the marsh ecosystem for local species and livelihoods [47,48]. Starting with four primary schools, the project was expanded to 12 schools around the lake in 2013 and its outcomes evaluated by Richter et al. [60]. A comparison of questionnaire scores of school children before, directly after, and one year after lessons using the comic books revealed that environmental knowledge was significantly increased. The usage of additional hands-on materials to promote interactive peer-to-peer learning led to the highest test scores in comparison to control groups [60]. A crucial measure for successful interventions was teacher training conducted prior to the lessons using the comic books, since training in conducting EE does not normally take place during teacher training [25,48,60]. Interviews with people from Andreba, where MWC’s cooperation with primary schools started and Parc Bandro is located, show a high awareness of the importance of the marshes for livelihoods and wildlife, and benefits for the park community [103], however, other research showed a less favorable picture with incomes generated by illegal activities within the park—mostly rice planting, carried out by members of its local governing body, the VOI (vondron’ olona ifotony) responsible for the community management of Parc Bandro since 2001—exceeding by tenfold the benefits from legal activities such as ecotourism [104].



The Alaotra Marshland Biodiversity research project (AMBio) of the University of Hildesheim started at the end of 2012 and addressed the nexus of biodiversity conservation, local livelihoods and EE. A major finding was that Malagasy teachers’ definition of EE differed from that given by UNESCO. The teachers’ focus lies in the social aspects emerging from environmental change rather than on the degradation of the natural environment. For example, invasive introduced fish species such as Channa spp., that very likely played a major role in the extinction of waterfowl and the endemic fish species of Lake Alaotra, were seen as beneficial by a large group of teachers because of their contribution to the protein supply and cash income [25]. In consequence, this led to different objectives for EE by Malagasy teachers and those Western NGOs financing EE, thereby causing friction. GERP and several other international, regional, and local NGOs are also active in the area, but their input to EE remains unclear.




5.3. Lessons Learned and Major Obstacles


Overall, the Alaotra region case study showed that even various and decade-long EE interventions targeting a multitude of stakeholder groups and using different educational approaches have had only a limited impact. First of all, against the backdrop of a steady increase in the human population and human pressure on land, the EE programs provided by NGOs only reached a very limited fraction of the population and resource users. MWCs comic book project reached out to fewer than twenty schools from over 700 primary schools in the region. This comes out, at best, as some thousand students from a student population estimated at more than 115,000 in 2012 [25]. From the approximately 3300 teachers, only a small fraction could be trained in EE by NGOs like MWC over the years [102]. In addition, teachers in rural Madagascar and the Alaotra region were underpaid and under-educated, and therefore often limited in their pedagogical capacities. In particular, insufficient and irregular payment led to teachers’ demotivation and the necessity of holding second jobs [25]. Secondly, limited funding for campaigns by donors mostly led to temporary projects, short-time interventions and limited outreach.



Moreover, teacher training by specialists, the printing of comic books, and additional single-use materials and their distribution in the field are costly: the cost of one comic book was approximately US$1.1 and the cost of single-use materials was US$1.0. Over the years, MWC gave away some thousand comics at a limited number of schools but expansion of its campaign was restricted by limited funding [60,102]. In a way one could argue that the better substantiated the intervention, the costlier it becomes and the shorter period it can be financed by a given NGO. To avoid any misunderstandings, NGOs can provide valuable input to EE, but they are too weak, both financially and in their legal position, to substitute for the education responsibilities of the state. Often there is also no strategy for program continuation after funding ends. Here, a solution can be to design EE programs from the beginning in a locally meaningful and culturally sensitive way with project participation by the target population [25,47]. The often missing, or only short period, financed by donors for the improvement of projects or the evaluation of program results is another major problem for improving EE. The evaluation of MWC’s comic book project was only made possible by an additional grant from the European Association of Zoos and Aquaria (EAZA) Madagascar Campaign 2010 and could not have been carried out with the grant for the original comic book project. The AMBio project proved the suitability of the invasive water hyacinth (Eichhornia crassipes) compost as a sustainable, cheap, and eco-friendly alternative to inorganic fertilizer, especially for smallholder farmers. However, for an area-wide implementation, long-term funding would be necessary.



Thirdly, despite all educational interventions, the growing human population and the resulting pressure on resources in combination with social and climate change, and a deteriorating environment, result in people losing their assets and being exposed to diverse stressors and shocks, leaving them with fewer livelihood choices [94]. In a population where livelihood insecurity is the norm, hunger a steady companion, and the ability to withstand external shocks limited, choices are made on a short timeframe to solve imminent problems and not the overarching environmental problems on the horizon [85]. In particular, smallholder farmers, such as those in the Alaotra region, have been found to be extremely vulnerable to agricultural risks and climate change in Madagascar [105]. In their study, Borgerson et al. [9] reported a high prevalence of child malnutrition in the Alaotra region; 98% of households reported food insecurity, and regular food restriction for non-working household members were encountered in 47.3% of surveyed households. Even if the overall level of (mostly illegal) wildlife hunting was generally low, the least food-secure households supplemented their diet with mammals, mostly tenreks, but one out of thirty households had also eaten Hapalemur alaotrensis within the last year. Resource users often know about the detrimental effects of their customs, such as using mosquito nets for fishing, in the long run. However, their living conditions force them towards choices tackling their most pressing daily problems, such as food insecurity, at the expense of the long-term viability of the whole human-environmental system. Durrell reported on bringing the number of marsh fires down by participatory environmental monitoring. However, this only seems to be true for a limited period, as stronger drivers such as the lack of law enforcement during the political crisis starting in 2009, and powerful outside players driving marsh conversion into rice fields for trade intensification, led to an increase of burning in the period starting 2013 and a reported reduction of the H. alaotrensis habitat from 9400 ha to 5800 ha between 2001 and 2007 alone [87,100,102]. Even in an ordinary village of approximately 4000 inhabitants like Andreba targeted by international NGOs such as Durrell, MWC, and GERP and with active local associations such as the VOI and Zetra Maintso, overall knowledge of protected areas such as Parc Bandro and environmental regulations remains low, and likewise compliance with them [103,104].



In addition, one has to keep in mind that people under constant threats to their livelihood tend to be conservative in their choices to avoid additional risks arising from new methods and behaviors. This further limited the probability that innovations from EE would be implemented by resource users. Adaptation to change is described as reactive rather than proactive or cannot be undertaken at all due to the limited resources and capacities of smallholders [94,105,106]. This risk-averse behavior can in principle be overcome by safeguarding the target group of a given EE intervention from the possible negative consequences of the perceived risks, thereby making the intervention even more costly as a side-effect [90].





6. Conclusions


A lack of knowledge remains the main reason preventing people from becoming pro-active in environmental conservation [28]. Therefore, raising awareness and building knowledge of environmental issues is a first major step towards pro-environmental behaviors. In Madagascar, this has been addressed through celebrating environmental festivals and ceremonies [75,81,107], theater [78], producing pro-environmental radio programs [71,72,77], and conducting participatory environmental monitoring [71,84]. Other approaches focused on supplementing formal education with EE lessons or materials such as comic books [47,48,59,60,108,109], teacher training [48,60,61,68], environmental clubs, Saturday schools, participation in restoration projects [48,68,69], social marketing campaigns [80], ecotourism, and sustainable resource management (Figure 1; [31,110]). Table 1 summarizes the main obstacles for to encouraging pro-environmental behaviors in Madagascar and the use of targeted interventions (mainly EE) as scientifically sound solutions within the context of many low-income countries like Madagascar.



As we have shown, all of the above-mentioned EE interventions are conducted by international, national or local NGOs because EE is still not implemented in the Malagasy school curriculum. Major constraints for providing EE repeatedly reported by practitioners are extensive costs for staff, training, education campaigns and materials [59,60,63,80,81]. We further illustrated, with Lake Alaotra as a case study region, that NGOs are reaching their limits in implementing EE within any given context as long as governmental organizations and the state themselves do not provide sufficient funding for education; so that currently, restricted funds for NGOs strongly limit the coverage for any EE intervention.



Although only a few EE interventions have been scientifically evaluated so far, our review provides several promising insights. The majority of EE interventions have been conducted with school children and in particular, topic-specific teacher training prior to EE lessons was identified as a key for successful implementation. Properly trained teachers, as well as students who attended the respective lessons, have been shown to act as multipliers in transmitting environmental knowledge, even reaching out to student’s parents [19]. Extra-curricular activities such as environmental clubs are today implemented widely in parts of Madagascar, indicating their perceived high value by implementation stakeholders.



A crucial point for the success of any EE intervention in a culturally diverse country like Madagascar is area-specific, culturally rooted, and therefore locally meaningful education materials. This can be achieved by co-developing participatory interventions with local stakeholders such as teachers, school authorities, resource users, or village leaders. NGOs should refrain from simply imposing their values and supposed solutions to environmental problems on local people. In particular, the use of characteristic species such as lemurs as flagship species for EE proved worthwhile in various local settings [27,48,75,107].



To conclude, environmental education in Madagascar today entirely depends on efforts made by international or national NGOs. Some promising approaches were highlighted within this review (see Table 1), but whether the long-term goals of EE can be met remains unclear to date. However, encouraging pro-environmental behavior in many low-income countries such as Madagascar does not depend on sufficient knowledge about environmental issues and sustainable alternatives alone. In cases where even basic needs for infrastructure and livelihood security cannot be ensured, people are severely restricted in their choices and are often forced to make unsustainable decisions on a daily basis.
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Figure 1. Distribution of environmental education (EE) interventions in Madagascar with major protected areas and remaining forest cover [36]. Overlapping symbols were dispersed over the respective location and repeated symbols per location were deleted for better visibility. For underlying data see Table in Supplementary Materials. Abbreviations: NP = national park, LMMA = locally managed marine area. 
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Table 1. Major obstacles for encouraging pro-environmental behaviors outlined in this review with scientifically evaluated and successful solutions within the Malagasy context.
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	Obstacles
	Example
	Solution
	Ref.





	Child malnutrition
	Malnutrition disrupts proper cognitive development of pre-school children
	Improvement of food security
	[37,39]



	External shocks
	Lead to hunger periods and reduction of calorie intake
	Improvement of food security, social security measures
	[41,50,51]



	Traditional gender roles
	Can prevent school attendance due to domestic duties
	Measures highlighting benefits from education for children, especially girls
	[43]



	Low perceived benefit from education
	Parents perception of education can prevent school attendance
	Measures highlighting benefits of education for children
	[42,43,44]



	Early childbearing
	Drop-out from educational system
	Information and distribution of contraceptives, sexuality education
	[52,53]



	Inappropriate schooling materials
	No, too few or old textbooks
	Provision of schooling material, e.g., with integrated EE (Ako book project, MWC comic book project etc.)
	[25,57]



	Inappropriate schooling content
	Use of ill-suited content concerning local cultural setting (e.g., use of scary Aye-Aye as a flagship species)
	Use of locally meaningful and adapted materials (e.g., marsh-based EE materials at Lake Alaotra, valued lemur species)
	[27,47,48,58,60,75]



	Limited abilities of teachers to transmit EE message
	Inappropriate use of supplementary schooling materials
	Teacher training prior to EE interventions
	[48,54,60,61,62]



	Low rates of teacher attendance
	Low job satisfaction and motivation to work, insecure payments
	Ensuring payment of salaries (often done by parents)
	[5,25,54,64,65,66,67]



	High student–teacher ratios
	Mean ratio is 42 in Madagascar (max: 92 students)
	Recruitment of further teachers by securing salaries
	[5,25]



	Low ratio of graduating students
	High failure in passing final examinations even in primary schools
	Supplementary schooling such as Saturday schools at Ivoloina
	[67,68,69]



	Low participation in environmental management
	Missing opportunities and infrastructure to become active in resource management
	Establishment of environmental clubs like those at Centre ValBio or the Vintsy clubs
	[48,63,71]



	Low awareness about environmental issues
	Lack of knowledge on environmental laws, improved farming techniques etc.
	Raising awareness using multiple interventions: World Lemur Festival, podcasts, movie nights, talent shows, sports competitions, theater
	[19,31,32]



	Low compliance with protected areas
	Illegal resource extraction, unsustainable resource use
	Strengthening of existing local laws and sanctifying of local protected areas
	[80,81]
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