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The rewilding framework is used to guide the restoration of ecological processes in natural systems, but the framework can also be used in the restoration of social and ecological processes in coupled human and natural systems. We use the case of the large-scale reflooding of the Waza-Logone Floodplain in Cameroon three decades ago as an example of rewilding a coupled human and natural system. Drawing on studies that have been conducted of the Logone Floodplain and Waza National Park over the last five decades, we discuss the reflooding efforts, review the long-term impact of the reflooding, and reflect on the assumptions of the reflooding effort. Our review shows that restoring the hydrological and ecological processes benefitted human populations but was not sufficient for supporting wildlife; and, political dynamics impact ecological processes and must be considered for rewilding to succeed.
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Introduction

The reflooding of the Logone Floodplain in the Far North Region of Cameroon three decades ago can be conceptualized as a large-scale abiotic rewilding of a social-ecological system in which humans are an integral part. In our review of this case study, we explore how the frameworks of rewilding and coupled human and natural systems can be integrated to support the restoration of social and ecological processes in floodplains and other social-ecological systems. The case shows how rewilding and restoring ecosystem processes was beneficial for human systems, but that it was not sufficient for protecting wildlife in the floodplain. The lack of involvement and investment of the government in supporting Waza National Park to protect its wildlife may have been one of the main reasons why the reflooding did not benefit wildlife.

The goal of rewilding, according to Carver et al. (2021), is “the restoration of functioning native ecosystems containing the full range of species at all trophic levels while reducing human control and pressures” (1888). The authors outline ten principles for rewilding, which include landscape-scale planning focusing on restoring ecological processes that are always changing, particularly within the context of global climate change (Carver et al., 2021). The rewilding approach makes an analytical distinction between human and natural systems with the goal of separating the two. While it may be possible to reduce human control in some systems (and to reduce natural controls of human systems), that is not necessarily a desirable goal, and it may be counterproductive.

The framework of coupled human and natural systems also makes an analytical distinction between human and natural systems (Liu et al., 2007), but unlike the rewilding approaches it does not seek to separate humans and nature (Figure 1). Rather it views the world as consisting of dynamically coupled human and natural systems, or, better, coupled human and natural processes. For example, there are currently no areas that are not affected by humans (e.g., plastic particles at the north pole) and there are no areas in which nature does not shape humans (e.g., antibiotic-resistant bacteria in hospitals). Moreover, these systems are tightly integrated through the couplings between human and natural processes, that can be beneficial (e.g., trees providing ecosystem services in cities, pastoralists creating grazing lawns in savannas) or detrimental (e.g., ticks from deer spreading Lyme’s disease in cities, concentrated animal feeding operations polluting streams and rivers). In the framework of coupled human and natural systems, rewilding involves restoring ecological processes that can contribute to equitable and sustainable outcomes for both humans and wildlife.




Figure 1 | Conceptual frameworks of coupled human and natural systems and rewilding. Adaptation of the graphic from the solicitation from the Dynamics of Coupled Natural and Human Systems (CNH) Program at the U.S. National Science Foundation (NSF) (Baerwald et al., 2016). The arrows and text in purple represent the rewilding conceptual framework.



The main difference between the two frameworks is that the coupled systems framework is relatively agnostic about what the state of these systems should be, as it is foremost an analytical framework, whereas the rewilding framework has a normative component or purpose, which is to restore natural systems by reducing human impacts.

The Waza Logone Project that led the reflooding efforts to restore the coupled human and natural system of the Logone Floodplain aimed to restore ecological processes to contribute to equitable and sustainable outcomes for both humans and wildlife. Rather than reducing human impacts, reflooding the Logone Floodplain was about serving both humans in the Logone Floodplain and wildlife in Waza National Park. In this paper, we discuss these reflooding efforts and their long-term impacts. One of the themes in our discussion is that while the reflooding was a short-term success, the benefits of reflooding were uneven for humans and wildlife in the long-term, mainly because of security problems in the region and lack of government investment in the park.

We have written about the reflooding efforts and its impacts previously (e.g., Moritz et al., 2016; Scholte, 2005), but in this paper, we take a long-term perspective considering the impacts of reflooding on human and natural systems in the floodplain. We realize ours is an unusual example of an abiotic rewilding of a large-scale landscape that was beneficial to floodplain inhabitants, but ultimately less so for wildlife populations. The case study demonstrates that rewilding and restoring ecological processes is not only beneficial to natural systems, but also to human systems. In addition, for rewilding to succeed in benefitting both human and wildlife populations, one has to not only restore ecological processes, but also consider the social, economic, and political processes that are critical for sustainable development. In some instances, rewilding may benefit from an adaptive co-management approach, which seeks to integrate the social dynamics and priorities of local communities.





Historical context

The Logone Floodplain is located in the Far North Region of Cameroon, and it is one of a number of seasonally flooded flatlands that are an integral part of the watershed of the Chad Basin. It is a key resource area for wildlife, migratory birds, and provides livelihoods for tens of thousands of fishers, farmers, and pastoralists (See Figure 2). The plain is flooded from September through December when the Logone River exceeds 1,500 m3 s−1 (Delclaux et al., 2010), and the area flooded depends directly on the flow rate of the Logone River (Jung et al., 2011). The floodplain is an anthropogenic landscape that has been shaped by human populations for centuries through fishing, herding, and farming (Scholte, 2005). In the last five decades there have been major changes in the flooding regime of the Logone floodplain, with direct and indirect consequences for the coupled human and natural systems of the floodplain. These changes were due to climate change and variability, but mostly due to the engineered modifications of the hydraulic landscape.




Figure 2 | Livelihoods and wildlife in the Waza-Logone Floodplain. Clockwise from top-left: Korrigum drinking in Waza National Park, fisher navigating the floodplain during the flooding season, herder watering cattle in the dry season (pictures from Paul Scholte and CARPA).



A particularly dramatic modification occurred in 1979 when the Cameroonian government embarked on a large-scale infrastructural project to increase domestic rice production in Cameroon. The project involved a 30 km-long dam that created a reservoir – Lake Maga – that was fed by seasonal rivers in the west and by the Logone River upstream of the floodplain. The water in the reservoir is used for irrigated rice fields located north of the dam. To protect the reservoir and rice fields from seasonal flooding, an approximately 50 km-long embankment was built along the west bank of the Logone River (Figure 3). The consequences of these infrastructural projects on the flooding regime were dramatic: large areas in the western part of the floodplain, including Waza National Park, were no longer flooded. As a result of decreased habitat, fish populations declined and many fishermen emigrated or changed their fishing strategies to cope with the decline (Laborde et al., 2016). The reduced flooding also reduced resources and habitats for wildlife and migratory birds in the floodplain (Loth, 2004; Scholte, 2005).




Figure 3 | Map of the Logone Floodplain. The flooded area is colored green. The yellow circle indicates where the Waza Logone project opened two waterways in the embankment for the reflooding of the floodplain.



The dam also had major consequences for pastoralists. The reduction in flooding directly affected forage production, in part via a change in plant species composition in areas most affected by the reduced flooding (Scholte, 2005). Perennial species like Vetiveria nigritana, Echinochloa pyramidalis and Oryza longistaminata slowly disappeared, while less palatable annual grasses like Sorghum arundinaceum increased in areas where flooding was reduced. Moreover, on the western edge of the floodplain, which no longer flooded, the grass savannah gradually changed into a dense Acacia seyal shrubland. Both the shift from perennial to annual species and from grass to woody savannah reduced the grazing resources for pastoralists, many of whom left the floodplain in response (Scholte et al., 2006).

The Waza-Logone Project was an international effort to undo part of the damage of the upstream dam and embankment that severely reduced flooding in an area of 1,500 km2, including Waza National Park. The project started in 1993 and was based on a decade-long collaboration between the Garoua Wildlife College (Cameroon) and Leiden University (The Netherlands). Earlier unpublished studies of the Logone Floodplain on vegetation, wildlife, fisheries, and pastoralism, showed the impact of the floodplain desiccation, and drew the attention of authorities in Cameroon and the Netherlands. Dutch researchers successfully lobbied the Netherlands Ministry of Development Cooperation to make funds available for a specifically designed project on floodplain rehabilitation. The International Union for Conservation of Nature and Natural Resources (IUCN) was invited to lead the project, in collaboration with Cameroonian authorities, Leiden University, and the Netherlands Development Organisation (SNV).

The Waza-Logone Project aimed to serve both wildlife in Waza National Park and the human inhabitants of the Logone Floodplain. The researchers appealed to donors through their integrated approach, which focused on rehabilitating both the human and natural systems of the floodplain. They were concerned that reflooding efforts that focused only on the human systems, may generate less interest and funding from donors for the project. For inhabitants of the floodplain, the park and plain are two distinct entities, pastoralists, for example, refer to the floodplain as yaayre (floodplain) and the park as surande (forbidden area). It is generally conservationists who refer to the area as the Waza-Logone Floodplain to stress the ecological connectivity.

The Waza-Logone reflooding project started off with hydrological studies, showing limited risks to rice fields north of the dam, resulting in recommendations to initiate controlled pilot releases of water with monitoring (Wesseling et al., 1994). The options for reflooding were discussed with local communities and authorities. Their overwhelming positive feedback led to the opening of two watercourses blocked by the embankment. The first was opened in 1994 and the second in 1997, resulting in an additional water flow into the floodplain with a maximum debit of about 20 and 10 m3/s respectively. Some 600 km2 of desiccated floodplain have since been reflooded. Over the following three decades, different research teams have monitored how the coupled human and natural systems of the floodplain responded to the reflooding.





Studies of the Logone Floodplain

The human and natural systems of the Logone Floodplain have been studied for six decades, from before dam construction through to the reflooding. These anthropological, ecological, hydrological, and interdisciplinary studies have provided us with a long-term perspective on the dynamics and resilience of this coupled system and its components.

Before the construction of the dam, a range of studies were conducted in the floodplain, including the hydraulics of the floodplain (Billon et al., 1966), fish and fisheries (Bénech and Quensière, 1983; Blache et al., 1962), the vegetation in the Logone Floodplain with a rangeland productivity perspective (Gaston and Dulieu, 1976), a vegetation study of Waza National Park (Wit, 1975), a sociological study of pastoralists and livestock in the Logone Floodplain (Beauvilain, 1979, 1981), and a study of large herbivores in Waza National Park (Esser and Van Lavieren, 1979). These studies give a sense of what the floodplain was like prior to dam construction at the end of the 1970s.

After the construction of the dam, PhD and MA students from the Ecole de Faune (Cameroon), Dschang University (Cameroon), and Leiden University (Netherlands), conducted studies of the social and ecological systems in the floodplain and how they changed after the dam construction. Many of these students were supported by the Centre d’Étude de l’Environnement et du Développement au Cameroun (CEDC). Their research included studies of pastoralism (Schrader, 1986; de Bruijn, 1987; Moritz, 1994), fisheries (Van der Zee, 1987; Groeneveld, 1993; Harkes, 1993; van Est and Noorduyn, 1997), wildlife (Tchamba, 1996; Njiforti, 1997), vegetation (Oijen and Kemdo, 1986), and hydrology (Naah, 1990). Research on vegetation, wildlife, and pastoralism in the Waza-Logone floodplain has been synthesized in later papers (Scholte, 2007; Scholte et al., 2006; Moritz et al., 2019) and gives a good sense of both the short-term and long-term impacts of the dam on the social-ecological system of the floodplain.

A few months prior to opening the embankment, the Waza-Logone Project started a program to monitor the impact of the reflooding efforts, including hydrology studies of flood depth and duration (Sighomnou et al., 2002), wildlife populations (Scholte, 2013), migratory birds (Scholte, 2005), socio-economic studies of fisheries, and pastoralists (Scholte et al., 2006). A vegetation study was also conducted which examined changes in species composition along a transect that was monitored prior to the reflooding efforts (Scholte, 2007). These studies give a sense of the short-term impacts of the reflooding on the social-ecological system.

After the Waza-Logone Project ended in 2003, researchers continued to study the social-ecological systems in the floodplain, including the hydrology (Jung et al., 2011; Shastry et al., 2020; Murumkar et al., 2020; Vassolo et al., 2016; Westra and de Wulf, 2009; Delclaux et al., 2010), fisheries (Laborde et al., 2018, 2019; Laborde et al., 2016), and pastoralism (Moritz et al., 2019b, 2013). More recently, colleagues and students from the University of Maroua and the University of Ngaoundéré (both in Cameroon) as well as local non-profit organizations in Cameroon founded by former Waza-Logone project staff, have conducted studies of pastoral production systems (Mey et al., 2019), hydro-politics (Armel, 2016), fisheries (Ziébé, 2015; Mahamat and Diaouré, 2008; Labara et al., 2020), and resource conflicts (Khari, 2011). These studies give a sense of the long-term impacts of the reflooding on the social-ecological system.





Impacts of reflooding efforts

The short-term impacts of reflooding exceeded expectations: within five years perennial grasslands largely recovered, the numbers of waterbirds increased two-fold, the population of floodplain antelopes quickly increased, and livestock numbers doubled (Scholte, 2005). At the time, the Waza-Logone Project was considered a major success and showcased as an exemplary development project that restored both the ecosystem and supported the livelihoods of those living in the floodplain. Below we discuss the long-term impacts of the reflooding drawing from studies conducted in the last twenty years. We focus our analysis on the nexus of flooding, vegetation, wildlife, and pastoralism in the floodplain.




Flooding

The main driver of the coupled human and natural system of the Logone Floodplain is flooding. Floods are driven by rainfall in the larger basin of the Logone River, where rainfall has been decreasing since the 1960s (Murumkar et al., 2020). The seasonal patterns of flooding and flood recession drive vegetation and fish productivity, on which pastoralists, small-scale rice farmers, and fishers depend (Laborde et al., 2016). In the last four decades the changes in flooding patterns have resulted in two regime shifts (Moritz et al., 2016). First, the Maga Dam limited flooding and negatively impacted vegetation and fish biomass in the downstream floodplain (Scholte, 2005). The dam construction coincided with a period of below-average rainfall in the 1970s and 1980s, and a drought that further reduced seasonal flooding. The second regime shift happened when the Waza Logone project opened two waterways into the floodplain to partially mitigate the effects of the dam (Loth, 2004), which restored flooding to a much larger area. Around the same period, regional rainfall also recovered to average values (Delclaux et al., 2010), which further contributed to the restoration of the flooding regime. Finally, while climate change has led to a decrease in rainfall within the Logone watershed (Murumkar et al., 2020) and the growth in the number of fish canals has sped up the recession of the floodwaters (Laborde et al., 2016; Shastry et al., 2020), this has not yet resulted in another regime shift of flooding patterns.





Vegetation

To monitor how the floodplain vegetation would respond to the reflooding, researchers from the Waza-Logone Project focused on the three dominant perennial grasses: Oryza longistaminata, Echinochloa pyramidalis and Hyparrhenia rufa. The first year of reflooding the species showed a decline, which was followed by a relatively slow increase in the next four years (Scholte, 2005), but from the fifth year onwards, all three species showed a rapid and steady increase that seem to continue up to today, more than 30 years after the reflooding (Figure 4). Data from a grid in the park at the edge of the post-dam flood zone indicated that some perennial species (Oryza longistaminata, Echinochloa pyramidalis, Vetiveria nigritana) only re-appeared two decades after the reflooding, suggesting that some of the ecological processes are happening much slower, requiring long-term observations. The vegetation studies indicate that the reflooding impacts on vegetation are enduring, that flooding is the main driver of this coupled system, and that long-term monitoring is critical for assessing the impact of reflooding.




Figure 4 | Changes in vegetation in Waza National Park, 1985 – 2020. Data from longitudinal study of 23 10-by-10-meter plots within a 1 x 0.5 km area in Waza National Park at the edge of the floodplain (Scholte, 2005:95) with preliminary results from 2011 and 2020 (Scholte, in preparation).







Wildlife

Wildlife surveys conducted in the last five decades show that the populations of kob (Kobus kob) and korrigum (Damaliscus lunatus korrigum) decreased significantly after the construction of the dam and showed only a marginal increase after the reflooding efforts (Scholte et al., 2007, 2013) (see Figure 5). In the last fifteen years, the numbers of these herbivores have decreased considerably. Other wildlife species, like lions (Panthera leo) have also diminished in numbers (Tumenta et al., 2010). A combination of interrelated reasons may explain the reduction in wildlife numbers in Waza National Park, including shrinking operating budgets of the park, fewer guards, and increasing insecurity in the region. This insecurity included the kidnapping of a family of tourists, leading to tourism collapse and decreasing tourism revenues (Scholte, 2020). Thus, despite the reflooding efforts, which improved habitat for herbivores, wildlife populations have continued to decline.




Figure 5 | Numbers of kob, korrigum, and cattle in Waza National Park, 1960-2021. Dam construction in 1979 resulted in a decline of kob and korrigum numbers, reflooding in 1994 and 1997 resulted in a short-term increases in antelope numbers, and insecurity in the floodplain resulted in a major increase in the number of cattle seeking refuge in the park in 2019 (updated from Scholte (2013) and Scholte et al. (2022a).







Pastoralism

The Logone Floodplain has long been a very important dry season grazing area for pastoralists in the Chad Basin, including pastoralists from neighboring Niger and Nigeria (Beauvilain, 1981). Access to the grazing areas is open for all pastoralists regardless of nationality, ethnicity, or seniority (Moritz et al., 2013) and studies show that pastoralists in the floodplain have always adapted to changing ecological and political conditions that affect grazing and safety (Moritz et al., 2019; Schrader, 1986; Scholte et al., 2006). A census of pastoralists in the floodplain that started just before the reflooding and continued for five years after reflooding showed that pastoralists quickly adapted to the improved grazing lands by either staying longer in them or returning to the floodplain after having moved elsewhere because of the desiccation of the floodplain (Scholte et al., 2006). This resulted in a three-fold increase in grazing intensity that stabilized from 1997 onwards with no signs of overgrazing. A long-term study of pastoral mobility and grazing pressure showed evidence that mobile pastoralists distribute themselves in an ideal free distribution in which the distribution of grazing pressure matched that of the grazing resources (Moritz et al., 2014a, 2014), even after the arrival of thousands of pastoralist refugees from Northeast Nigeria following the rise of Boko Haram (Moritz et al., 2019). This evidences that pastoralists use of common-pool grazing resources functions as a self-organizing complex adaptive system that is resilient, equitable, and sustainable (Moritz et al., 2018).

One of the goals of the reflooding efforts was to reduce competition between livestock and wildlife in Waza National Park (Scholte et al., 2006). The assumption was that the reflooded areas outside the park would offer enough grazing for their livestock and would stop pastoralists from grazing their animals in the park. While these efforts were initially successful (Scholte et al., 1996), pastoralists later used the park not in search of forage but to seek refuge from insecurity in the floodplain (Scholte et al., 2022a) (Figure 6).




Figure 6 | Number of cattle in the central floodplain, 1975-2016. The figure shows the trends in the number of cattle in the central floodplain, directly east from Waza National Park. The data marked in red are from empirical studies of cattle numbers and the data marked in black have been extrapolated from several studies of pastoralism in Logone Floodplain reviewed in Moritz et al. (2019:40). The high number of cattle in 2015 and 2016 is due to the arrival of pastoralists fleeing the terror of Boko Haram in neighboring Northeast Nigeria.







Insecurity

The greater Chad Basin has a long history of insecurity, and this has affected the inhabitants of the floodplain directly and indirectly for centuries (Beauvilain, 1989; Mohammadou, 1983). In the decades that we have worked in the floodplain, insecurity was a major concern for floodplain inhabitants as it threatened their lives and livelihoods. This insecurity took different forms, including clashes between Arab pastoralists and Kotoko fishers, amplified by national party politics; low-level insecurity in the form of cattle thefts and raids that frequently resulted in loss of life; armed banditry that involved hold ups, car jackings, and kidnappings; terrorist attacks by Boko Haram; and the violence committed by agents of the state. These insecurity problems were also present when the Waza Logone Project was active in the region. Because the insecurity affected populations in the floodplain alongside project personnel, the project leadership advocated for greater engagement of the government in the security problems (Scholte et al., 1996). While greater government engagement improved security in the floodplain, it came with excessive force, torture, and extra-judicial killings by security forces (Moritz and Scholte, 2011). In the decades since reflooding, insecurity continues to be a major concern in the Logone Floodplain and neighboring Waza National Park. In particular, the terrorist attacks and threat of Boko Haram (Kelly Pennaz et al., 2018; Moritz et al., 2019) alongside the more recent widespread communal violence between Arab pastoralists and Musgum fishers (Scholte et al., 2022a) continue to pose major security challenges. Insecurity increased pressure on the park and its wildlife as pastoralists sought safety near or in the park (Scholte et al., 2022a, 2022b).






Discussion

In many ways, the reflooding efforts of the Waza-Logone Project were a success. It led to a steady recovery of vegetation, fish populations, and livestock numbers that continues through today. Long-term monitoring of different systems shows different outcomes: vegetation and pastoralists continue to benefit from reflooding, but wildlife in and outside Waza National Park have not.

Assessing the impacts of reflooding and the state of the coupled human and natural systems of the floodplain yields different results depending on the time period. Five to ten years after reflooding, it was considered a great success, but now, 25 years later, not so much. Wildlife suffered from insecurity and lack of investment in the park. The Waza-Logone Project was working on the assumption that the government would continue to invest in Waza National Park and support the protection of wildlife. While flooding is the main driver of the social-ecological system, a long-term perspective shows how important the larger economic and political context is. Rewilding or reflooding does not happen in a vacuum; insecurity had a major impact on human and wildlife populations.

The Waza-Logone Project had a vision of the floodplain as a social-ecological system, but that vision also had its blind spots. In particular, farming was not part of that vision, most likely because it was less compatible with wildlife conservation and other forms of land use like pastoralism and fisheries. No monitoring studies focused on farming in the floodplain – the focus was on fisheries and pastoralism – even though Musgum fishers in the floodplain were also engaged in rice farming. After the reflooding, there has been a steady expansion of dry season sorghum cultivation at the periphery of the floodplain and later large-scale rice cultivation right in the middle of the floodplain. The goal of the Waza-Logone Project was that the social-ecological system would be restored with the reflooding. The implicit assumption was that communities would continue to make a living as they were doing at that time with fishing, herding, and some farming. A co-management approach to the Waza-Logone project and following the reflooding, to the park, could be beneficial in rewilding as it better accounts for the livelihood concerns of communities who use the area, while engaging them in conservation goals and processes.

The Waza-Logone Project was active for less than ten years in the floodplain. The project was informed by studies conducted in the past. Expatriate and national experts worked on the project for only a few years. They could not imagine how the floodplain would change and how communities would continue to shape the anthropogenic landscape. However, communities in the floodplain have always changed and adapted and continued to do so in response to the construction of the dam and the reflooding efforts. In the last two decades, communities innovated and adapted in response to flood restoration, e.g., by digging more and longer fish canals, digging artificial ponds to capture more fish, practicing aquaculture in the rivers, and clearing larger rice fields and more sorghum fields – all different ways to make the floodplain more productive for humans and which demonstrate their already vested interests in ecosystem management. In hindsight, it would have been better to develop alternative scenarios for how the floodplain could develop, including how political, economic, and demographic changes may affect the social-ecological system of the floodplain.





Conclusion

All natural systems are affected by human systems and vice versa, which means that the framework of coupled human and natural systems is useful to study and manage systems that are considered “more natural” like parks and wilderness, as well as systems that are “more human” like cities and agricultural areas. The Waza-Logone Floodplain has both – Waza National Park and the Logone Floodplain. Conserving wildlife in the park was one of the motivations for the reflooding effort, but not the only one. The reflooding effort of the Waza Logone Project was a landscape-level intervention that considered how Waza National Park is embedded in the larger Logone Floodplain.

The reflooding effort did not restore the social-ecological system as before the dam, but key hydrological and ecological processes were restored. However, our review shows that while human populations in the floodplain have benefitted from the reflooding, wildlife populations in Waza National Park and the floodplain have declined, despite the reflooding and the recovery of floodplain vegetation. Restoring the hydrological and ecological processes was necessary but not sufficient for supporting wildlife; political dynamics impact the ecological processes and have to be considered for rewilding to succeed.

African floodplains, like the Logone Floodplain, are tightly coupled human and natural systems that are of great importance for humans and wildlife. These floodplains have always been anthropogenic landscapes, shaped by humans in one way or another, to make it more productive for them. Supporting or restoring the natural flooding patterns is critical for maintaining the productivity of floodplains for humans and wildlife, but in the Logone Floodplain humans have been able to more successfully adapt to the reflooding than wildlife in Waza National Park.
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