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Abstract

:

Biodiversity conservation planning is highly important in the current context of global change. Biodiversity conservation can be achieved by understanding changes in land use at the landscape scale. Such understanding is needed to reverse the unprecedented pressure on natural resources that has been reported by many studies conducted on biodiversity conservation within the Oti-Keran-Mandouri protected areas. Land cover maps reflecting different dates (1987, 2000, and 2013) and depicting different management systems, with overall accuracy ranging from 73% to 79%, were analyzed to understand the processes that lead to habitat degradation within these protected areas. The nature of change, within a given land cover class, was determined by comparing land cover maps on different dates using a decision tree algorithm that compares the number of patches, their areas, and their perimeters at different time periods (T1 and T2). Specifically, two time-periods were considered for this analysis: 1987–2000 and 2000–2013. Croplands and settlements increased at an average of 108.13% and 5.45%, respectively, from 1987 to 2000. From 2000 to 2013, croplands gained from all other land categories and continued to increase at a rate of 11.77% per year, whereas forests and savannas decreased at an annual average rate by 5.79% and 2.32%, respectively. The dominant processes of habitat change from 1987 to 2000 were the creation of forests, dissection of savannas, attrition of wetlands, and creation of croplands. Meanwhile, from 2000 to 2013, there was attrition of forests, as well as attrition of savannas, dissection of wetlands, and aggregation of croplands. In general, from 1987 to 2013, natural habitats regressed and were replaced by croplands; forests, savannas, and wetlands decreased at an average annual percentage 5.74%, 3.94%, and 2.02%, respectively, whereas croplands increased at an average annual rate of 285.39% of their own area. Aggregation, attrition, dissection, and creation were the main habitat change processes identified for the overall period from 1987 to 2013. There was habitat loss in forests and savannas and habitat fragmentation in wetland due to attrition and dissection, respectively. Identifying and understanding habitat change processes would enable the taking of appropriate biodiversity conservation actions.






Keywords:


land cover; landscape change; habitat fragmentation; conservation planning; Oti-Keran-Mandouri; Togo












1. Introduction


In the current context of climate change, it is very important to preserve nature and its biodiversity components through sustainable conservation planning. Such action will contribute to climate mitigation and provide habitats for wildlife. Habitats are the foundation of natural resource management and conservation [1]. However, increasing human pressure on natural resources leads to habitat loss and habitat fragmentation. Habitat loss has strong negative effects on biodiversity, whereas the influence of habitat fragmentation appears to be much weaker and may range from negative to positive. Long-term fragmentation experiments indicate that habitat fragmentation reduces biodiversity by 13–75% and impairs key ecosystem functions by decreasing biomass and altering nutrient cycles [2].



Habitat loss refers to the reduction in the overall area of a particular land cover type [3]. Meanwhile, habitat fragmentation is described as a disruption of the linkages among patches that exchange ecologically important resources [4]. Ultimately, what separates habitat fragmentation from simple habitat loss is the disproportionate reduction in the numerical capacity of the remaining habitat of the same net area [5]. The principal countermeasure to habitat fragmentation is maintaining and improving habitat connectivity. Natural or constructed corridors have often been promoted to mitigate the effects of habitat fragmentation by maintaining or improving animal movement and gene flow between habitat patches [5]. Beyond thresholds of disturbance, changes in a habitat could be irreversible [1]. Therefore, understanding forest and natural habitat change processes in the study area could improve biodiversity conservation. Such knowledge is needed to prioritize conservation actions and improve habitat connectivity where needed.



Advances in geospatial science and technologies enable the use of satellite data for the quick assessment of the spatial land change processes that induce changes in natural habitats and forest ecosystems. The assessment of land cover/land use change gives information relevant to all land-related actions, such as conservation planning. Most studies in land cover/land use science focus on detecting changes in land cover/land use, as well as the direction and magnitude of changes considering a given period. Some studies also explore the driving factors of land cover change. Few studies assess the spatial processes inducing the observed land transformation. For instance, there are multiple and complex causes of forest degradation and wildlife habitat loss in West Africa. The expanding human population and intensified agricultural activities have been reported as some of the most significant causes [6]. Climate change has also been cited in some studies; however, its exact effect remains difficult to discern [7].



The study of the spatial configuration of the landscape could give new insights. According to Bannerman [8], the analysis of spatial landscape patterns can enhance the understanding of dynamic ecological patterns, the role of disturbance in ecosystems, and the characteristics of spatial and temporal scales of ecological events.



Landscape ecologists have conducted many studies to illustrate the relationship between landscape configuration and functioning. It appears that spatial change processes result from a limited number of common spatial configurations. A multitude of metrics were developed to assess landscape spatial configurations. Some metrics, such as area, perimeter, and the number of patches of a focal landscape class, have been used to identify the spatial processes involved in land transformation. Bogaert et al. [9] proposed a decision tree to identify such spatial processes. These spatial change processes are sequential, and their identification could improve conservation planning by guiding appropriate interventions.



Forest ecosystems and wildlife habitats are currently under high human pressure and climate change impacts in West Africa [10,11,12], particularly in Togo [13]. In this country, forest cover is being highly reduced with serious impacts on ecosystem resilience to climate change [14]. It has become important to characterize the spatial process transforming the landscape, because this information could contribute to sustainable conservation planning or better environmental management. No study has been conducted yet to assess habitat change processes within the Oti-Keran-Mandouri complex of protected areas in Togo, but such a study was successfully conducted by Barima et al. [15] to assess landscape dynamics in a transitional forest–savanna zone in Côte d’Ivoire.



Therefore, the main objective of this study is to contribute to sustainable conservation planning in Togo, especially for large mammals such as the African savanna elephant. This study specifically assesses habitat change processes within the Oti-Keran-Mandouri complex of protected areas using satellite-derived land cover maps. This study will enable the identification of habitat change processes on going in the complex of protected areas and help direct eventual restoration actions.




2. Materials and Methods


2.1. Study Area


The study was conducted within Oti-Keran-Mandouri (OKM) (Figure 1), a complex of protected areas, Oti-Keran and Oti-Mandouri, covering about 179,000 ha [16]. The complex is located in the flat plains of the Oti River basin in Togo. It belongs to the eco-floristic zone I [17] and is characterized by a tropical climate.



Sudanian savanna, dry forest, and riparian forest constitute the main vegetation of this area. The large wetlands of the Oti River and its tributaries present important biotopes for migrating birds. Thus, these wetlands are recognized as an important bird area [18]. The OKM complex is also considered to be a key component of the range and conservation corridors of the savanna elephant in West Africa.



Oti-Keran-Mandouri lies within two administrative regions: “Savanes” and “Kara”. Agriculture, especially smallholder farming, is the principal activity in this area and occupies around 70–80% of the active population [19]. The most cultivated crops are sorghum (Sorghum bicolor (L.) Moench.), corn (Zea mays L.), millet (Pennisetum glaucum (L.) R. Br. Ssp. glaucum), rice (Oryza sativa L.), yams (Dioscorea sp), and cassava (Manihot esculenta Crantz.). There is currently increasing interest in cash crop production, such as cotton (Gossypium hirsutum L.). Consequently, there is great pressure from farmers to access fertile lands. In addition to farming, service timber lodging, firewood harvesting [20,21], non-timber product cultivation (e.g., fruits, medicinal plants, straw), charcoal production [22,23,24], hunting, and fishing [25] are other activities practiced by the local communities. Transnational livestock transhumance constitutes another important activity and threat to biodiversity that is yet to be documented in this area.




2.2. Data Acquisition


Landsat images of 30-m spatial resolution acquired in 1987, 2000, and 2013 were downloaded for free from United State Geological Survey (USGS) platform (https://glovis.usgs.gov/). These timeframes were chosen to characterize 3 important periods marked by different management systems of the protected areas in Togo as described by Folega et al. [26]. The first period, from the colonial era to 1990, was marked by strict protection; the second period, from 1990 to 2000, was marked by anarchic exploitation; and the third period, from 2000 to the present, is characterized by a process of rehabilitation. The chosen image scenes covering the study area were acquired at the beginning of the dry season to avoid cloud cover. The images were already orthorectified and terrain-corrected. They have not been subjected to further radiometric corrections. Their characteristics are presented below in Table 1.




2.3. Data Analysis


2.3.1. Land Cover Mapping


The training sites were defined and digitized on the basis of color infrared composition for 6 land categories identified during field campaigns (Table 2) according to the classification scheme recommended by the Intergovernmental Panel on Climate Change (IPCC) [27]. Training polygon digitization followed the rule of obtaining enough pixels so that there are at least 10 times as many pixels for each training class as there are bands in the image to classify [28]. Based on defined training sites, a supervised classification using a maximum likelihood algorithm was performed. The classifications were performed using IDRISI GIS and Image Processing software. The classifications were performed with all the bands except band 6 for TM, bands 6 and 8 for ETM, and bands 1, 6, 8, 9, 10, and 11 for OLI. The accuracy assessment was based on Cohen’s Kappa [29,30], as well as on the user’s, producer’s, and overall accuracies [31].



Landsat 4 scenes (1 and 2) and Landsat 7 scenes (3 and 4) were mosaicked to create a larger image composite. This process was done by matching the images’ grey levels in the overlapping areas using a cover method and by calculating matching statistics based on non-background values [28]. The resulting composites were registered to the 2013 Landsat 8 scene, which covers the entire study area due to the scene size of Landsat 8, which is 185 km cross-track by 180 km along-track [32].



The reference data for accuracy assessment of classified images have been collected differently for each image. They were based on ground verification data for the recent image, while they were generated from the national topographic map established in 1980, the national vegetation map [33], and other available maps for the historical images (2000 and 1987).



Binomial distribution was used to determine the appropriate sample size to obtain an unbiased ground reference for valid statistical testing of the land cover map accuracy. This is recognized as an appropriate mathematical model to use in determining an adequate sample size for accuracy assessment [34,35,36,37,38]. The formula used for the binomial distribution is as follows:


  N =    z 2  p q    E 2     








where N is the number of samples, p is the expected or calculated accuracy (in percentage), q is 100-p, E is the allowable error, and Z is the standard normal deviate for the 95% 2-tail confidence level (1.96).



The confidence level is set in a realistic way, considering field effort and time. Therefore, an allowable error of 5% and an overall map accuracy of between 60% and 95% are usually set [39,40]. Here, the allowable error E was set to 5% for an overall expected accuracy of 80%. The minimum sample size was then calculated and apportioned to the area of the different land cover categories (Table 3). A minimum threshold of 20 sample points was set for each land category [41]. However, this minimum threshold was not reached for the category of water bodies because of the field conditions.



The ground verification points were generated in ERDAS IMAGINE by applying a stratified random sampling scheme with a window kernel of 3 × 3 pixels and on the basis of a majority rule. This results in the selection of a sample point only if a clear majority threshold of 6 pixels out of 9 in the window belonged to the same class [39]. The generation of sample points in this manner ensured that the points were extracted from areas of relatively homogenous land cover classes.




2.3.2. Land Cover Change Analysis


The land cover change analyses were performed on the basis of the pixel by pixel comparison using Land Change Modeler fully integrated software in the IDRISI GIS and Image Processing system [28]. The land cover maps were compared as follows: 1987 and 2000, 2000 and 2013, and 1987 and 2013. Change maps were produced with the combination of Land Change Modeler and ArcGIS.




2.3.3. Assessment of Habitat Change Processes


Forest, savanna, wetland, and settlements land cover categories were considered to be different types of habitats and were used to assess habitat change processes. The earlier and later land cover maps were compared, and the nature of the change process underway within each land cover class was determined. This analysis was performed by using a decision tree procedure [9] that compares the number of land cover patches present within each class between the 2 time periods to changes in their areas and perimeters using the Land Change Modeler [28]. The output is a map where each land cover class is assigned the category of change that it is experiencing.



The decision tree procedure is proposed based on three spatial attributes that are easy to calculate and that are recognized as key elements of landscape pattern measures [42]: area, perimeter, and number of patches of the focal landscape class. The identification of the spatial process responsible for habitat pattern changes was implemented following the procedure outlined by Bogaert, Ceulemans and Salvador-Van Eysenrode [9]. This identification process is presented in Figure 2.



A cross-tabulation analysis [43] was performed afterward to identify the particular change process in each land cover class. These analyses were conducted by using IDRISI GIS software [28], while the number of patches was computed for each land cover by using LecoS [44], a plugin for the QGIS GIS software suite.



The 10 spatial processes for landscape transformation are considered to reflect pattern changes in landscapes (Figure 3):




	
Aggregation: the action or process of collecting units or parts into a whole; to bring or gather together into a whole; to fill gaps or open space;



	
Attrition: the reduction or decrease in the number of patches; the disappearance of patches;



	
Creation: the formation of new patches, which results in an increase in the total number of patches; the act of causing patches to exist; patch genesis;



	
Deformation: the change of patch shape without a change in patch size; patch disfigurement;



	
Dissection: the carving up or subdividing of an area or patch using equal width lines; the sectioning of an area or patch; area or patch (sub)division;



	
Enlargement: the increase of patch size; patch size expansion;



	
Fragmentation: the breaking up of an area into smaller parcels resulting in unevenly separated patches; the breaking up of extensive landscape features into disjointed, isolated, or semi-isolated patches;



	
Perforation: the process of making holes in an area or patch; gap formation; the interruption of land cover continuity by the formation of openings;



	
Shift: patch repositioning; patch translocation;



	
Shrinkage: the decrease or reduction in the size of patches without “attrition”; the progressive reduction of the initial land cover patch, ideally maintaining its original shape.











3. Results


3.1. Classification Accuracy


The overall accuracy of the land cover map is 79.28%, 73.33%, and 79.06% for 1987, 2000, and 2013, respectively. There is a good agreement between the classification results and the reference data with values of Kappa statistics of 0.69, 0.65, and 0.72 as the respective overall classification accuracy. However, there were low producer’s accuracies for the 1987 and 2000 land covers. On the other side, the user’s accuracy was low for croplands and water bodies for TM 1987 (Table 4).




3.2. Land Cover Dynamics


Wetland was the most represented land cover type. From 1987 to 2013, wetlands, forests, and savannas regressed to the benefit of anthropogenic land cover types, which are croplands and settlements (Figure 4). Figure 5 shows the change in the percentage of the overall area of OKM in each land cover type from 1987 to 2013. Wetlands decreased in percentage of the overall area from 43.05% in 1987 to 36.30% in 2000 and to 31.71% in 2013. Savannas decreased from 37.72% in 1987 to 26.34% in 2000 and to 18.41% in 2013. Forests increased from 8.84% in 1987 to 9.03% in 2000 but decreased to 2.24% in 2013. Meanwhile, croplands increased from 0.91% in 1987 to 13.75% in 2000 and to 34.81% in 2013. Settlements decreased from 7.74% in 1987 to 13.22% in 2000 and to 10.22% in 2013. Water bodies decreased from 1.74% in 1987 to 1.36% in 2000 but increased to 2.61% in 2013.



The net change in each land category, i.e., the result of adding the gains, and then subtracting the losses to the earlier land cover areas, is reported in Table 5.



Croplands and settlements increased at an average of 108.13% and 5.45%, respectively, based on the proportion of their own area from 1987 to 2000. From 2000 to 2013, croplands gained from all the other land categories and then continued to increase at a rate of 11.77% per year. Forests and savannas decreased at an annual average rate of 5.79% and 2.32%, respectively. Globally, from 1987 to 2013, forests, savannas, and wetlands decreased at an annual average percentage of 5.74%, 3.94%, and 2.02%, respectively, whereas croplands increased at an annual average rate of 285.39%.




3.3. Habitat Change Processes


Different habitat changes processes dominated the time periods considered for this analysis (1987–2000; 2000–2013; and the overall period from 1987 to 2013). These processes were aggregation, attrition, dissection, and creation (Table 6). Figure 6 and Figure 7 represent the number of patches and their areas for each land category for the same period, respectively. The change process was different from one land category to another. Forests experienced creation from 1987 to 2000 and attrition from 2000 to 2013. However, the dominant change process from 1987 to 2013 was attrition. Concurrently, the number of forest patches increased, and an expansion of the area was observed from 1987 to 2000. However, forest patches, as well as their area, decreased from 2000 to 2013. The number of savanna patches increased from 1987 to 2000 and decreased from 2000 to 2013, whereas their area decreased during both of the two periods. These conversion processes are denoted as dissection from 1987 to 2000 and as attrition from 2000 to 2013. Meanwhile, wetlands were dominated by attrition from 1987 to 2000 and dissection from 2000 to 2013. The number of wetland patches decreased from 1987 to 2000 and increased from 2000 to 2013. The area of wetlands decreased consistently from 1987 to 2000 and from 2000 to 2013. Croplands experienced a continuous increase in area from 1987 to 2013, while the number of cropland patches increased only from 1987 to 2000 but decreased from 2000 to 2013. The underlining land conversion processes were a creation from 1987 to 2000 and aggregation from 2000 to 2013. The dominant habitat changes processes from 1987 to 2013 are the attrition of forests and savannas, dissection of wetlands, and creation of croplands.





4. Discussion


4.1. Image Classification and Accuracy Assessment


The overall accuracy assessment values are good for the classified images of 1987 and 2013 and fair for the image of 2000 compared with the fixed overall accuracy of 80% and an allowable error of 5% set for the calculation of the number of ground-truthing points. These results could be explained by the mix-up in some areas of land categories, such as settlements and croplands. This mix-up could also explain the poor producer’s accuracy for both classes. A similar mix-up was previously reported by Folega, Zhang, Zhao, Wala, Batawila, Huang, Dourma and Akpagana [26]. The study area is characterized by a cultural landscape defined by smallholder agriculture with a traditional agroforestry system wherein farmers dwell in farmlands and crops are associated with multipurpose trees. The cultural landscape has been described by several studies [21,45,46,47]. The mixing of trees and houses in this cultural landscape is the source of the misclassification of settlements and croplands. There is even misclassification of settlements with savannas. This latter confusion was also noticed by Badjana et al. [48].



Poor producer accuracies with Landsat TM imagery, especially for agricultural land cover types and shrublands, were consistently noted by Smith et al. [49], although the overall map accuracy was 74%. This result was explained by the fact that agricultural cover types are highly dynamic in their spectral responses, and shrublands can be confused with other forest types [50]. This almost the same issue in the study area, where there are high heterogeneities in the landscape due to human interventions making it difficult to avoid confusion. On the other hand, the fixed overall accuracy of 80% and an allowable error of 5% were set because of the time and cost to complete this study. This study aims to contribute to sustainable conservation planning, especially for large mammals such as the African savanna elephant. Therefore, the use of moderate-resolution Landsat imagery for this study does not invalidate the results. As stated by Keller and Smith [51], for larger or wider ranging species, landscape component classification may be more general and may be adequately represented by traditional, broader cover types, such as forest or grassland.




4.2. Land Cover Dynamics


Wetlands are the most important land category found within OKM. This is well in line with the classification of OKM as a Ramsar site [18,52]. It is also the most converted land category into others, especially croplands. There is high pressure on wetlands, which are often systematically converted into large paddy fields. Agriculture is the main driver of change in land cover and land use dynamics (LCLU). It is shifting cultivation, such as elsewhere in Togo and in West Africa. This result is in line with previous studies in tropical regions, particularly in West Africa [53,54,55]. Other studies have concluded that agriculture, population growth, and the indirect effects of climate change remain the main factors of land change and the main threats to biodiversity conservation [6,7]. Changes in populations’ livelihoods through the implementation of indigenous adaptation strategies [56,57,58,59] could be considered to be the indirect effects of climate change. The implementation of recessional agriculture as an adaptive strategy in the study area shows that climate change and LCLU change are tightly linked. Pressure is put on wetland because of water availability and high soil moisture.



The increase of settlements could be related to the annual rate of population growth in the study area. In fact, OKM is within a region where the population growth rate is the highest in Togo (3.18%) [60]. Moreover, the Kpendjal, Oti, and Keran districts are the poorest in Togo [61]. Therefore, there is high pressure on natural resources from the local population. The intrinsic relationship between natural resource degradation and poverty has been shown by many studies [62,63]. On the other hand, there is a particular problem of natural resource management, which increases the pressure on protected areas in Togo after 1990. As described by Folega, Zhang, Zhao, Wala, Batawila, Huang, Dourma and Akpagana [26], the period from 1990 to 2000 was marked by illegal and anarchic exploitation of protected resources by residents. This situation resulted from the political, economic, and social troubles of 1990 in Togo mainly due to the nascent, uncontrolled democratic process and the semi-military and repressive management system implemented from the colonial period to 1990. These illegal and anarchic anthropogenic activities led to important land conversion. This could explain the increase in croplands from 1987 to 2000. This increment is higher than the reported agricultural expansion on the national scale for the period of 25 years from 1975 to 2000 by United States Geological Survey (USGS [64]. While this study reported an increase in cropland of about 34% of the total area of OKM from 1987 to 2013, USGS [64] reported an increase of about 10% at the national level from 1975 to 2000. OKM could be considered to be one of the areas with the highest current agricultural expansion.



As shown by the land cover maps, there is a core area of remaining natural ecosystems (savanna and forest) within OKM (the southeast). This area has been already mentioned by International Union for Conservation of Nature (UICN [16] as the most conserved area. Periodic visits to this area by savanna elephants coming from bordering countries have been mentioned in several studies [16,65]. This relatively conserved area could be explained by the presence of park managers. Their presence is preventing anthropogenic pressure. Thus, better management of the entire OKM is possible if adequate means are provided. This area requires particular conservation attention. Its remaining natural habitats are still under threat from anthropogenic activities such as wood cutting [20] and charcoal production [22]. In the center of Benin, Arouna et al. [66] also found that charcoal production represented the main activity leading to forest destruction and land cover change. Moreover, there are also threats from transhumance, on which no accurate data are currently available. There are a thousand heads of cattle pasturing through this area each year, damaging the crops and invading the protected areas.



Usually, foraging plants are cut down for cattle and the savanna is burnt without any respect to the established fire calendar set by the National Department of Environment. Considering the net change, the increase of forests from 1987 to 2000 could be explained by natural regeneration, because forests are located along rivers and in the well-protected core area (the southeastern part of the study area). However, the decrease in forests from 2000 to 2013 is the result of the combined continuous impact of increasing anthropogenic activities (wood cutting and charcoal production) and climate change. Recent studies have demonstrated that climate change effects in Northern Togo have been expressed by inter-annual fluctuations with the declining tendency of rainfall and the increasing tendency of high temperatures during the period from 1961 to 2010 [56,67]. The deficit in rainfall could weaken plant resilience to fire events. Furthermore, one of the most adaptive strategies to climate change implemented in this area by the local population is recessional agriculture. This activity consists of crop cultivation during the dry season on river banks and in wetlands where the crops could benefit from flooding and soil moisture. This practice involves the destruction of gallery forests [48,57]. Recessional agriculture is categorized as wetland agriculture and considered to be one of the largest overall agriculture adaptations [68]. It is described as been highly productive in many tropical regions [69]. On the other hand, the decrease of forests from 2000 to 2013 reflected the ineffectiveness of the management system of this complex of protected areas and the weakness of the current rehabilitation process.




4.3. Habitat Change Processes


The changes in land cover categories, for the different periods studied, resulted from different transformation processes. These transformation processes implied profound consequences for the landscape structure and functioning [9]. Here, three main transformations or change processes were identified when considering the period from 1987 to 2013. These were the attrition of forests and savannas, dissection of wetlands, and creation of croplands. However, when this period is decomposed into two parts (1987–2000 and 2000–2013), then four transformation processes can be described. From 1987 to 2000, there was the creation of forests and croplands, dissection of savannas, and attrition of wetlands, whereas from 2000 to 2013, there was the attrition of forests and savannas, dissection of wetlands, and aggregation of croplands. The temporal resolution is essential when designing a study for the identification of transformation processes as suggested Bogaert, Ceulemans and Salvador-Van Eysenrode [9]. According to these authors, all the identified transformation processes characterize two main changes in the habitat configuration. Attrition and dissection indicate habitat degradation, while creation and aggregation imply the appearance of new habitat units. The process of creation means the formation of new patches of a given land cover or habitat. However, depending on the considered land cover category, the process of creation could have different causes. For instance, from 1987 to 2000, the creation process of forests could be explained by the colonization of bare soil, converting other land cover to forest. Meanwhile, the creation process of croplands is caused by anthropogenic pressure with increasing afforestation. Aggregation indicates the merging of existing patches by physical connection. This explains well what happened to cropland from 2000 to 2013.



Dissection and attrition are considered to represent different steps of the process of fragmentation. Dissection is a subdivision of the area with a minimal area loss associated with the linear structure of disruption, while attrition is the disappearance of patches. There is still a debate over whether to consider the transformation processes to be equally equivalent or steps of the whole process of landscape fragmentation. However, Jaeger [70] considered attrition to be the last of the six steps of fragmentation. Dissection is considered to be the initial step of fragmentation by Bogaert, Ceulemans and Salvador-Van Eysenrode [9], and attrition is expected to occur in a patchy landscape, which is the result of another pattern conversion. Considering this sequence, savannas experienced a steady process of fragmentation with a dissection (initial step) from 1987 to 2000 and attrition (last step) from 2000 to 2013. However, the transformation processes were particular in both forests and wetlands. By experiencing creation from 1987 to 2000 and attrition from 2000 to 2013, the fragmentation process was very rapid in forests, especially from 2000 to 2013. This period corresponds to the period of the implementation of the requalification process of protected areas. However, instead of observing a decrease in the pressure on natural resources, it was marked by an increase in anthropogenic pressures. The requalification process in Togo was ineffective in OKM. This complex continues to be pressured by anthropogenic activities, such as illegal logging and the intensification of charcoal production, which have already reported by many studies [20,22,23,63]. The sequence of the transformation processes of wetlands (attrition from 1987 to 2000 and dissection from 2000 to 2013) indicates that the fragmentation process here is really intensive. This may be linked to the increasing pressure on water resources in the context of climate change.



In summary, there is habitat loss in forests and in savannas (attrition) and habitat fragmentation in wetlands (dissection). These processes are leading to an anthropization process as described by Barima, Barbier, Bamba, Traore, Lejoly and Bogaert [15] in the forest–savanna transition zone of Côte d’Ivoire. Moreover, in concert with habitat loss, habitat fragmentation is a grave threat to species survival [71].





5. Conclusions


A detailed analysis of the dynamics, direction of the changes in land cover, and landscape transformation processes were performed from 1987 to 2013. There were important changes in land cover within the protected area. Forests, savannahs, and wetlands were converted into human-transformed landscapes. Wetlands were the most converted land category. Croplands and settlements increased with a high magnitude, especially from 1987 to 2000. Three main transformation processes were identified from 1987 to 2013. These were the attrition of forests and savannas, dissection of wetlands, and creation of croplands involving habitat loss in forests and in savannas (attrition) and habitat fragmentation in wetlands (dissection), leading to an anthropization process. The main drivers of this degradation were agriculture expansion and population growth.



The degradation has worsened due to implemented adaptation strategies to climate change that are mostly linked to land use change, such as recessional agriculture. An assessment of the socio-ecological system should be conducted to show the link between the residents’ livelihoods, perceived impacts of climate change, and values ascribed to biodiversity conservation.



According to this study, the disturbance is not yet at the irreversible threshold. Actions need to be taken to reverse the current state of degradation. Although, wetland is the most converted land category into others, forest and savanna restoration should be prioritized because of their attrition (loss). Connectivity should be increased in wetland by limiting anthropogenic activities, which would enhance natural plant recruitment.
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Figure 1. Study area. 
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Figure 2. Decision tree procedure to identify transformation processes as outlined by Bogaert, Ceulemans and Salvador-Van Eysenrode [9]. The parameters a1, p1, and n1 refer to the habitat area, perimeter, and number of patches before transformation, respectively, while a2, p2, and n2 are the respective reciprocal values after pattern change. Symbol << means much less than. 
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Figure 3. Diagrams representing the 10 spatial processes in land transformation by Bogaert, Ceulemans and Salvador-Van Eysenrode [9]. The black areas refer to the land cover of interest and the white areas to the landscape matrix: (a) aggregation: merging of patches; (b) attrition: disappearance of one of the four patches present in the original landscape; (c) creation: landscape transformation by formation of a new patch, increasing the number of patches from two to three; (d) deformation: transformation characterized by a shape change of both patches from a square to a rectangular shape; (e) dissection: subdivision of a continuous area by equal width lines into six parts; (f) enlargement: transformation by size increase of both patches; (g) fragmentation: landscape conversion by breaking up the continuous land cover into five disjunct patches of unequal size and shape; (h) perforation: transformation by the formation of four gaps; (i) shift: translocation of one or both patches; and (j) shrinkage: patches undergoing a decrease in size. 
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[image: Sci 02 00001 g003]







[image: Sci 02 00001 g004 550] 





Figure 4. Land cover maps of Oti-Keran-Mandouri for 1987, 2000, and 2013. 
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Figure 5. Changes in land categories within the Oti-Keran-Mandouri complex in Togo from 1987 to 2013. 
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Figure 6. Number of patches for different land cover categories within Oti-Keran-Mandouri from 1987 to 2013. 
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Figure 7. Areas of different land cover categories within Oti-Keran-Mandouri from 1987 to 2013. 
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Table 1. Landsat image characteristics.






Table 1. Landsat image characteristics.





	Image
	Path
	Row
	Sensor
	Date of Acquisition





	1
	193
	053
	Landsat 4 Thematic Mapper (TM)
	1987-10-30



	2
	193
	052
	Landsat 4 Thematic Mapper (TM)
	1987-10-30



	3
	193
	053
	Landsat 7 Enhanced Thematic Mapper (ETM)
	2000-12-04



	4
	193
	052
	Landsat 7 Enhanced Thematic Mapper (ETM)
	2000-12-30



	5
	193
	53
	Landsat 8 Operational Land Imager (OLI)
	2013-10-29
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Table 2. Land categories’ definitions.
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	N°
	Land Category
	Definition





	1
	Forest
	This category includes vegetation dominated by trees above 7 m in height and with closed canopy. Shrubs or herbaceous may be present.



	2
	Savanna
	This category includes vegetation with a continuous grass cover. Trees and shrubs may be present but scattered.



	3
	Wetland
	Marshland or areas covered permanently or temporarily by water.



	4
	Cropland
	This includes all open lands and pastures exploited to grow crops and raise livestock, including traditional agroforestry systems and parklands.



	5
	Settlements
	This category includes transportation infrastructure, human settlements of any size, and bare soils.



	6
	Water bodies
	This category is reserved for any stretch of water, including rivers and water ponds.
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Table 3. Minimum sample size per land category for image 5 (October 2013).
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	Class
	Categories
	Area (ha)
	%Area
	Estimated Sample
	Final Sample Size





	1
	Forests
	4038.21
	2.236061
	5.50071
	20



	2
	Savannas
	33,255.18
	18.41425
	45.29906
	46



	3
	Wetlands
	57,267
	31.71022
	78.00713
	80



	4
	Croplands
	62,858.07
	34.80614
	85.62309
	90



	5
	Settlements
	18,454.86
	10.21893
	25.13857
	27



	6
	Water bodies
	4721.49
	2.614411
	6.431451
	7



	
	Total
	180,594.8
	100
	246
	270
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Table 4. Image classification accuracy.
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Land Cover

	
1987

	
2000

	
2013




	
PA (%)

	
UA (%)

	
PA (%)

	
UA (%)

	
PA (%)

	
UA (%)






	
Forests

	
100

	
61.11

	
82.22

	
78.72

	
83.87

	
89.66




	
Savannas

	
82.47

	
86.02

	
81.82

	
60

	
68

	
72.34




	
Wetlands

	
81.31

	
87

	
83.72

	
70.59

	
87.10

	
69.23




	
Croplands

	
50

	
33.33

	
62.96

	
85

	
84.62

	
91.67




	
Settlements

	
26.32

	
62.50

	
14.29

	
100

	
75

	
57.14




	
Water bodies

	
100

	
36.36

	
16.67

	
100

	
35.71

	
83.33




	
Overall accuracy

	
79.28%

	
73.33%

	
79.06%




	
Kappa

	
0.69

	
0.65

	
0.72




	

	
PA = Producer’s accuracy

	
UA = User’s accuracy
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Table 5. Net change in each land category within Oti-Keran-Mandouri.
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1987 to 2000

	
2000 to 2013

	
1987 to 2013




	

	
Total Net Change (ha)

	
Average Net Change per Year (ha)

	
Annual Net Change in %

	
Total Net Change (ha)

	
Average Net Change per Year (ha)

	
Annual Net Change in %

	
Total Net Change (ha)

	
Average Net Change per Year (ha)

	
Annual Net Change in %






	
Forests

	
336

	
25.85

	
0.16

	
−12,269

	
−943.77

	
−5.79

	
−11,923

	
−917.15

	
−5.74




	
Savannas

	
−20,548

	
−1580.62

	
−2.32

	
−14,321

	
−1101.62

	
−2.32

	
−34,869

	
−2682.23

	
−3.94




	
Wetlands

	
−12,186

	
−937.38

	
−1.21

	
−8285

	
−637.31

	
−0.97

	
−20,472

	
−1574.77

	
−2.03




	
Croplands

	
23,190

	
1783.85

	
108.13

	
38,019

	
2924.54

	
11.77

	
61,209

	
4708.38

	
285.39




	
Settlements

	
9894

	
761.08

	
5.45

	
−5415

	
−416.54

	
−1.75

	
4479

	
344.54

	
2.47




	
Water bodies

	
−685

	
−52.69

	
−1.68

	
2272

	
174.77

	
7.14

	
1586

	
122

	
3.89
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Table 6. Change process for different land categories within Oti-Keran-Mandouri from 1987 to 2013.
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