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			Abstract

			The study throws light on factors modifying flora Zambeziaca in the Zambezi Valley and investigates the phenomenon of tree mortality. The paper adds to the growing literature that suggests that harvester termites Isoptera: Termitidae, Macrotermitinae, elephant (Loxodonta Africana Blumenbach L) and fire reduce forest cover over wide swathes of land. To assess the impact of the hyper-abundant termites, fire and elephant in Zambezi Valley 18 belt transects were randomly placed in the study area in Sengwa Wildlife Research Area (SWRA). The 18 belt transects were characterised into nine paired plots that were considered degraded and Undegraded. The study formed part of a vegetation condition assessment of the SWRA. Spearman rank order test (rs) and Student T tests showed significant tests in elephant, termite and fire damage patterns. Principal Component Analysis (PCA) were used to bring out strong patterns (p<.05) in the dataset. The study results are critical for biodiversity management strategies in the Zambezi Valley, Zimbabwe.
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			Introduction

			The Flora Zambeziaca in the Zambezi Basin is a keystone and flagship resource to a wide range of freely grazing and browsing wildlife species [1-3]. The Zambezi Basin presents interesting Savana and management styles available in the menu to rangeland ecologists Bignell [4] Walker [5], Cumming [6], Ben-Shar [7] Holdo [8]. Several studies Chafota and Owen-Smith [9], Nangendo [10], Nellis and Bussing [11], Tafangenyaha [12], Osborne [13] investigated vegetation change in Savana rangelands without concluding actual drivers of change. Zambezi Basin vegetation has been aptly described by Wild, Barbosa and Fernandez, Drummond [14], Timberlake among other workers. The original vegetation from the time of pioneer explorer David Livingstone (19 March 1813-1 May 1873), outback hunter Frederick Selous (1875-1917) and Wild et al (1967) was intact but has recently come under pressure from increasing mega herbivore populations and more recently termites (Isoptera: Termitidae, Macrotermitinae). Most recently there has been compression of the elephant population following land pressure from settlement and cultivation after tsetse fly eradication. The result has been massive reduction with upper canopy trees. A number of authors Dangerfield [15,16] Eggleton and Tayasu [17], Timberlake [18] attribute endogenous and exogenous factors as key to woody plant mortality and recruitment. The impact of natural forces such as herbivore and fire is ever changing in intensity and scale and the need to study its influence on structure and composition. Tafangenyasha noted 

that scale and intensity of disturbance in open rangelands need exhaustion after long-term studies in varied habitats created by mega herbivores and antecedent environmental factors. In addition, herbivore has been underscored in the present study as initiating tree damage with drought, changes to structure and composition of the forests. Termites are detrivores that eat dead and decaying organic matter. Symbiotic bacteria in the termite gut transforms decomposing cellulose into carbohydrates and sugar, whereas gut protozoa in turn relyon symbiotic bacteria embedded on their surfaces to produce some of the necessary digestive enzymes Eggleton and Tayasu. Bacteria form an important link in the cycling of nutrients in the forests by breaking down wood and organic residues on the ground which would otherwise take years to decay by microbes. In dry environments litter degradation and soil mixing is mainly performed by termites Dangerfield. In 1961, most (81%) termite mounds were not full size in the Zambezi Valley, which suggested that they were recent additions to the area. There was little change in mound density between 1970 and 1981, but between 1981 and 1984 and between 1984 and 1987, there were major increases in mound. Dangerfield contends that with one exception, where new mounds appeared after 1981 were areas where the abundance of the tall, tufted grass, Vetiveria nigritana, declined during the same period. Tree damage and loss may be a composite phenomenon that sets in forest gaps that may be colonised by noxious invasive species such as Lantana camara L Tafangenyasha. Maintaining functionality and sustainability of dry land systems requires sustainable land management over large areas such as Zambezi Valley. This research is critical in developing biodiversity management strategies in protected areas. 

			Study Area

			In Zimbabwe changes in woodlands caused by elephants and other factors were studied in the Zambezi Valleyat Sengwa Wildlife Research Area with a long history of documented elephant (Loxodonta Africana Blumenbach 1797) population build up to 1965 followed by 24 years of sustained culling and 26 years of vegetation regeneration in aftermath of elephant culling. Sengwa Wildlife Research Area (SWRA) is situated at the southern end of Chirisa Safari Area (18o 10’ S, 28o 14’ E) in Gokwe South District, north-western Zimbabwe (Figure 1). Covering an area of about 373 km2, the area was set aside in the late 1960s for long-term wildlife and ecological research. There are a series of black-and-white aerial photographs from as far back as 1964. Three sets of detailed colour photography at scales of 1:10 000 and some at 1:5 000 were examined. The surface geology comprises of Lower and Upper Karoo age. The study area constituted by the Lower Karoo is represented by the Madumabisa mudstone formation weathering grey carbonaceous shale with Endothiodon spp fossil wood and Lamellibranchs-Pellaedonodonta spp and Ostracods-Darwinuda spp Selibas [19]. The Upper Karoo which overlies the mudstones gives rise to geologically and ecologically significant colluvial deposits with carbonaceous and siliceous matrices Figure 1.
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			The geological formations have been dissected by the north flowing rivers to give rise to soil and vegetation types (Figure 1) that are an important source of water for the animals. SWRA is semi-arid ecosystem with low and irregular rainfall, high evapo transpiration and cyclical droughts. High evapo transpiration means soils dry up quickly reducing amount of water available for plant uptake. (Figures 2-4) suggest that severe droughts are a long term feature in the study area and region. Several topographic and vegetation maps of the area were used to make possible the study on homogeneous Madumabisa mudstones. Data on animal numbers and seasonal movements are available from counts done during organized patrols, along permanent transects and aerial surveys since the late 1960s. There is a wide variety of vegetation types, 26types having been described and mapped by Craig (1982). A wide range of research projects have been done in the SWRA since its establishment to establish diet preferences of herbivores and forage availability. The elephant (Loxodonta Africana Blumenbach L.) ranks as one most common and dominant herbivore in SWRA Cumming [20,21]. The wasteful feeding behaviour was militated against by a sustained culling programme terminated in 1989. Few studies have been conducted to understand the response of woody vegetation in the aftermath of culling.
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			The SWRA has a diverse large animal mammal community of 7 species of large carnivores and 18 species of large herbivores. The area is home to diverse communities of birds, small mammals and reptiles. Some common wild animals in the SWRA are given in Figure 5. When an elephant range area reserve is fenced and supplied with water from permanent rivers, elephant population irruptions take place, necessitating culling. A comparison can be made between patches formerly degraded and undegraded in the aftermath of culling. Two assumptions were made about the history of the wood lands examined in this study. The first is that there is no difference in the woodland structure and composition of vegetation in over utilized and undegraded plots after culling had ceased. The second is that changes to the vegetation in SWRA were caused by elephants and fire. The 2014 elephant aerial survey of the Sebungwe Region showed a major decline in standing elephant populations from 13000 to 3500 Dunham [22]. But prior to establishment of national parks there were about 5000 elephant in Zimbabwe in the middle of the 19th century. The extent of gap colonization by non-native plant species were observed in the study area. The information obtained in the study should influence management decisions on appropriate park ecosystem health and understanding of changes in vegetation composition and structure and habitat preferences.
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			Methods

			To assess the impacts of hyper-abundant termites, fire and elephant in Zambezi Valley 18 belt transects were randomly placed in study area in the SWRA in the dominant woodland types occurring in the study area. The 18 belt transects were located by pairing nine plots that were considered degraded and undegraded. A mosaic of patchy disturbance by elephant feeding habits occur in SWRA. The study formed part of a vegetation condition assessment of the SWRA. The woody vegetation types delineated by Craig [23] (Figure 6) were used as a guide to vegetation condition assessment (Figures 7-12). Spearman’ rank correlation (rs) coefficient is a non-parametric measure of rank correlation between rankings of two variables (Table 1). It measures the strength and direction of association between two ranked variables. PCA is a technique used to emphasise variation and bring out strong patterns in a dataset. The analyses highlight current understanding for improved Savana conservation. To obtain pattern from the data regression analysis was used. 

			[image: ]

			[image: ]

			[image: ]

			[image: ]

			[image: ]

			[image: ]

			[image: ]

			Results

			Spearman rank correlation showed strong positive relationship between elephant damage and termite damage (Table 1). There was a strong positive relationship between fire damage and elephant damage using Spearman rank correlation (Table 1). The metrics collected between degraded and undegraded plots showed variations that are summarised in Table 2. Degraded plots measured smaller mean girth (12, 2 cm) and mean height (446,7cm) when compared to undegraded plots (13,6 cm and 460, 2 cm, respectively, Table 2). Mean percentage canopy cover, elephant damage and termite damage was higher on undegraded plots compared to degraded plots (Table 3). Drought damage on woody plants was about the same between degraded (0,1%) and undegraded plots (0%) (Table 3). Degraded plots measured the highest mean distance (1026,8 cm) to water compared to undegraded plots (885,4 cm) (Table 3).

			Table 1.

			
				
					
					
				
				
					
							
							Variables

						
							
							Significance Level

						
					

					
							
							Elephant damage vs height

						
							
							p<.05

						
					

					
							
							Termite damage vs girth

						
							
							p<.05

						
					

					
							
							Distance to water vs canopy cover

						
							
							p<.05

						
					

					
							
							Girth vs elephant damage

						
							
							p<.05

						
					

					
							
							Height vs  termite damage

						
							
							p<.05

						
					

					
							
							Canopy cover vs distance to water

						
							
							p<.05

						
					

				
			

			Table 2.

			
				
					
					
					
					
				
				
					
							
							
							Miombo

						
							
							Acacia

						
							
							Mopane

						
					

					
							
							Converted to shrubs (%)

						
							
							33

						
							
							12

						
							
							45

						
					

					
							
							Intact (%)

						
							
							40

						
							
							40

						
							
							33

						
					

					
							
							Total dead tree Population (%)

						
							
							27

						
							
							48

						
							
							22

						
					

				
			

			Table 3.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							
							Degraded Plots

						
							
							Undegraded Plots
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							Mean

						
							
							Std. dev

						
							
							df

						
							
							Mean

						
							
							Std. dev

						
							
							df

						
					

					
							
							Height (cm)

						
							
							444,8

						
							
							261,99

						
							
							364

						
							
							458,21

						
							
							377,32

						
							
							358

						
							
							p>.05

						
					

					
							
							Girth (cm)

						
							
							12,7

						
							
							14,185

						
							
							364

						
							
							14,1

						
							
							21,86

						
							
							358

						
							
							p>.05

						
					

					
							
							No. stems/plot

						
							
							177

						
							
							3,834

						
							
							64

						
							
							183

						
							
							0,623

						
							
							64

						
							
							p>.05

						
					

					
							
							No. species/plot

						
							
							3,3

						
							
							9,55

						
							
							364

						
							
							3,9

						
							
							9,68

						
							
							352

						
							
							p>.05

						
					

					
							
							Species density (no/m2)

						
							
							0,24

						
							
							0,673

						
							
							358

						
							
							0,48

						
							
							3,88

						
							
							352

						
							
							p>.05

						
					

					
							
							Shannon Weaver

						
							
							1,2

						
							
							17,315

						
							
							34

						
							
							1,4

						
							
							17,315

						
							
							34

						
							
							p>.05

						
					

				
			

			Formerly over utilized patches showed no significant differences (Student t test p>.05) in height, girth and number of stems per plot (Table 3). Table 3 showed no significant differences in number of stems per plot, species density (number per m2) and Shannon Weaver diversity indices. The results presented in Table 3 are surprising considering the recorded negative effects of elephant on Savanna wooded vegetation. The results suggest that the historically high densities of elephants altered forest structures and the vegetation may not be showing strong differences between formerly heavily utilised and relatively unutilised patches after repeated culling events. The general findings are outlined below:

			A general recovery of woody vegetation in previously damaged sites is shown by counts of stems with few signs of fresh damage.

			a)	No significant differences in numbers of stems/trees between degraded and undegraded plots.

			b)	Low incidences of burn marks

			c)	Low damage levels by elephant.

			d)	High levels of termite activity on woody stems and litter cannot be explained at this stage.

			Species richness is estimated with the total number of observed species. Species richness (usually notated S) of a dataset is the number of different species in the corresponding species list. Richness is a simple measure. The Shannon Diversity Index is calculated by multiplying a species proportional abundance by the natural log of that number:
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			Where pi is the proportion of individuals found in the species “i”. This index assumes that individuals are sampled randomly from an infinite or very large population. Similarly, it supposes that all species are represented in the sample (Figures 7 & 8).

			Factors important in vegetation change at Sengwa wildlife area (Figure 3):

			a)	Small plants common in the recruitment cycle of vegetation regeneration.

			b)	Large tree sizes have high levels of termite damage probably due to an abundance of cellulose and biomass for metabolic energetic.

			c)	Young trees not burdened by termite attack.

			d)	Elephant damage more pronounced on young mature plants.

			e)	Elephant damage and termite damage have greater incidence on young trees than on mature tree sizes.

			f)	Elephant damage is a major factor in the Savana vegetation affecting all three sizes.

			g)	Elephant culled/translocated to reduce populations, termites not.

			h)	Elephant damage a problem in all age classes.

			i)	Elephant population suppression likely to give recruitment of trees a chance of survival to maturity.

			Tafangenyasha noted the importance of elephant and fire suppression on woodlands. Termite damage emerged as an important factor during dry periods. Fire and hyper-abundant termite damage have even importance (Figure 7) but with high fire damage loading scores. Elephant damage may have a role in controlling height of trees. Drought damage may affect large trees (Figure 7) Distance to water effect is distributed across the large stretches of water courses (Figure 7) SWRA has virtual reliance on surface water in the water courses.

			Discussion

			The data in this study seems to be in agreement with observations by Remmert, Dublin [24], Nangendo and O’Connor [25] and suggests that woodland dynamics may be changing all the time due to complex interactions of fire, elephant and termites. Termites have long been known to be voracious feeders of lignin and cellulose diet Becker their main sources of energy but their impacts on integrity of woodlands has always been sketchy. Elephant damage may have greater landscape change through felling and breakage of branches and stems. With growing aridity as predicted by IPCC agents of vegetation change may be considered de-novo. The consequences for woodland dynamics as recorded in this study depend largely on the size classes of the trees affected, as well as on how the disturbance is concentrated in time and space Chafota and Owen Smith, Timberlake and Mapaure Mortality of canopy trees has probably a much greater and longer-lasting impact than losses among the regenerating stages of these trees Tafangenyasha [26], Tafangenyasha. However, the consequences may be less adverse for ecosystem function and biodiversity if the disturbing effects are locally concentrated, generating a patch mosaic of stands at different stages of regeneration Campbell [27] Luoga [28] Remmert. In the study area, majority of trees were young trees suggesting that in a free ranging elephant country mature trees are damaged or eaten. Young trees have low cellulose, low lignin content, low fibre, low chemical and mechanical defensive structures and high crude protein content Midgley [29]. The consequences for woodland dynamics depend on the size classes of the trees affected, as well as on how the disturbance is concentrated in time and space Chafota and Owen-Smith, Timberlake and Mapaure. Chafota and Owen suggest that elephants can have a major transforming effect on Savana structure through felling, debarking or uprooting trees. However, it is difficult to separate their influence from that of other causes of tree mortality, including wind storms Spinage and Guinness [30] drought Lewis, van de Vijver [31] fire Higgins [32] and in some situations frost Childes & Walker [33] Holdo [34] especially when interactions among them may occur de Beer [35] Laws [36] Pienaar [37]. The size selection of trees by trees and the ubiquitous termite leave lasting scars on the landscapes Cizek noted that patches of miombo also occur somewhere in the empty polygons of northern Kruger National Park (see Wild, Fernandez and Barbosa. For example, importantly, there was a catastrophic decline of canopy of Brachystegia torrei across the Chihunja Platform in the last decades the last century Tafangenyasha, but patches still remain Clegg [38]. Which woody species selected by elephant are at risk of local extirpation may be based on an understanding of elephant digestive physiology, foraging ecology, attributes of individual plants and populations, and historical changes in ecosystems. 

			Elephant select items rich in cell solubles relative to availability for achieving maximum through put per unit time on account of their large energy requirement, hindgut fermentation with limited cell wall digestion, high passage rate, and inefficient recycling of microbial protein Midgley. Accordingly, diet is predominantly green grass and herbs in the wet season, green browse in the late wet and dry seasons, and bark and roots following leaf fall Holdo. Increased consumption of woody material indicates nutritional stress. Bulls graze more than cows and impact woody plants more when grazing deteriorates to create patches Roxburgh. A patch is defined as an area differing in appearance from its surroundings Roxburgh [39]. Landscape patches in the SWRA of the Zambezi Valley owe their existence to large herbivore feeding patterns. Examples of remnant patches are areas of vegetation which have escaped the effects of a widespread fire, and the patches of natural vegetation which can be found in many rangelands. Patches may also be transient, meaning that they may only exist for short periods of time such as heavy grazing/browsing pressure. With increasing mega faunal disturbance patches become numerous and smaller, varying in size and shape.

			Vegetation on termite mounds usually differs highly from vegetation in the surrounding landscape Dangerfield, Eggleton and Tayanus. In African Savanas, Macrotermes mounds form ‘islands’ with high tree densities Wilson [40] Bignel contend that due to the digging of termites and due to their decomposition of plant material, the mound soils are generally more fertile than other soils. On top of that, mound soils have been found to contain more water than their surroundings, a clear advantage for plant growth in Savanas Bignel. The high tree densities on termite mounds attract high densities of browsing herbivores, due to the high nutrient contents in foliage from trees growing on mounds Dangerfield or perhaps due to the high quantities of food and shelter on mounds. Mound building termites contribute to Savana vegetation heterogeneity. Damage by termites is greater during dry periods or droughts than periods of regular rainfall Logan [41]. Damage by termites is greater during dry periods or droughts than periods of regular rainfall Logan [41]. The increases in termite damage could also be associated with climate change induced drought. In recent decades, drought linked to El Niño episodes has become more intense and widespread in southern Africa. It may follow that termite damage, elephant and fire damage creates a mosaic of patches on landscapes in the Zambezi Valley. Overall mortality of woody vegetation has been estimated at 29.0 % by Swanepoel Swanepoel [42] Damage and mortality rates varied annually possibly related to rainfall linked with elephant densities Swanepoel, Dunham [43]. The increases in termite damage could also be associated with climate change induced drought. In recent decades, drought linked to El Niño episodes has become more intense and widespread in southern Africa Harrington and Stork [44]. Termite mounds should clearly be considered a focus of conservation importance and their destruction and utilization for farming Nyamapfene detrimental to a diverse range of plant and animal species. The study suggests an interesting interaction of fire, elephant and termites in creation of Savana heterogeneity. Termites as ecosystem engineers drive Savana nutrient dynamics by being tertiary consumers. The hyper-abundant termitidae in the Zambezi Valley gives insight into forest dynamics using the gaps created by elephant, forest health and behaviour of meso-herbivores that is initiated by fire and elephant. The study opens insights into a complex ecosystem functioning in the Zambezi Valley where once intact miombo woodland is being fragmented [45-55].

			Conclusion

			Fire, elephant and termites, can have a major transformation and modification of the Zambezian vegetation through complex interactions. However, it is difficult to separate influence of each factor from that of other cause of tree mortality, including drought, fire and major herbivores such as elephant especially when interactions among them may co-occur. The consequences or woodland dynamics may depend on the size classes of the tree affected as well as how the disturbance is concentrated in time and space. It seems, the consequences of vegetation modifications by antecedent environmental factors may be more for an ecosystem function and biodiversity in the case that the disturbing effects are fire, elephant and termites. Fire impacts, termite attacks and concentrations of mega-herbivores are significantly concentrated along the Zambezi River, generating a patch mosaic of stands at different stages of regeneration. The paper presents interesting Savana ecosystem processes and management styles available in the menu to rangeland ecologists.
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