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Introduction

Today the world is experiencing many changes and stresses that affect ecological systems. For example, in the past 50 years the size of the human population has grown by 3.7 billion people (Potts 2007) and is expected to grow to between 8 and 10 billion people within the next half decade (United Nations 2005). Between now and 2050, 90% of this growth will occur in developing countries, many of which are tropical and sustain the greatest proportion of the world’s biodiversity (Potts 2007). This exponential growth in human populations has brought many challenges to ecological systems and is responsible for the ecosystem modification that threatens biodiversity on a global scale. Continued population growth is predicted to exacerbate the ever-increasing demands for environmental products and services, particularly in the tropics (Houghton 1994). For example, the net loss in global forest area between 2000 –2005 was ~7.3 million ha per year (~200 km2 of forest per day, FAO 2005). This does not consider the vast areas being selectively logged or the forests degraded by fire, both of which can impact huge areas. For example, during the 1997/1998 El Nino, 7 million ha of forest burned in Brazil and Indonesia alone (Chapman & Peres 2001). Even when the physical structure of the forest remains intact, subsistence and commercial hunting can have a profound impact on forest animal populations. For example, Chapman & Peres (2001) estimate that 3.8 million primates are eaten annually in the Brazilian Amazon. 


In Uganda, the country where this study focuses, threats to biodiversity are similarly grave. Closed-canopy tropical forest once covered 20% of the country, but deforestation has reduced this to just 3% (Howard et al. 2000). Uganda lost 18% of this remaining forest between 1990 and 2000 (Howard et al. 2000). The most recent estimate suggests that the annual rate of loss of tropical high forest in Uganda is 7% (Pomeroy & Tushabe 2004). 


Ecosystems are also indirectly affected from human induced changes to the environment, possibly the most dramatic of which is climate change. The earth’s climate has warmed by approximately 0.6°C over the past 100 years, and some estimates suggest that the climate could warm by up to 5.8oC by the end of this century (IPPC 2001; Walther et al. 2002). Recently, there has been a growing appreciation within the academic community and policy makers regarding the potential magnitude of climate change on ecosystems (Hannah et al. 2002; McClean et al. 2005; van Vliet & Schwartz 2002; Walther et al. 2002). There have been numerous documented shifts in the distribution, population abundance, life history, and even survival of species in response to climate change (Hannah et al. 2002; Parmesan & Yohe 2003; Pounds et al. 1999), although the responses to climate change in particular regions, or with respect to specific species are largely unknown, particularly for the tropics. 


Our objective is to use long-term data from Kibale National Park, Uganda to consider complex responses to climate and anthropogenic changes, focusing on changes in forest composition, phenology patterns, disease, and primate abundance over time. In many of these comparisons we consider changes in logged and unlogged forests. These analyses build on the data and publications of many people. Of special importance is the work of Tom Struhsaker who not only founded the field station in Kibale and protected the area for many years, but provided us with data from 1970 to 1987. Jerry Lwanga started research in Kibale in 1983 and Colin and Lauren Chapman came to Kibale in 1989. The remaining authors of this paper have been in Kibale for shorter periods, but provide valuable data for comparison. 

Kibale National Park, Uganda: The Environment and Recent Changes


Kibale National Park (795 km2) is located in western Uganda (0°13' - 0°41' N and 30°19' - 30°32' E) near the foothills of the Ruwenzori Mountains (Figure 5.1). Kibale is a mid-altitude, moist-evergreen forest receiving 1697 mm of rainfall annually (1990-2009). Kibale has a complicated history of human impacts, both in terms of commercial logging and agricultural clearing (Chapman & Lambert 2000; Struhsaker 1997). Kibale was established as a forest reserve between 1926 and 1932 with the goal of protecting the watershed and providing sustained production of hardwood timber (Osmaston 1959; Struhsaker 1997). A polycyclic felling cycle of 70 years was initiated, and it was recommended that the canopy be opened up by approximately 50% through the harvest of trees over 1.52 m in girth (Kingston 1967). This history of logging has led to varying degrees of disturbance among sites (Skorupa 1988; Struhsaker 1997). Kibale was gazetted a National Park in 1993 and since that time has been well protected by the Uganda Wildlife Authority (UWA). 


Chapman and Lambert (2000) conducted a landcover analysis in the mid-1990s and estimated that 57.9% of the park was forest, 14.6% was grassland, 5.8% was woodlands (in the far south), and 2.2% was wetlands and lakes (Figure 5.1). Plantations (especially the pines Pinus patula and P. caribaea and cypress Cupressus lusitanica) were planted on 393 ha of grassland hilltops between 1953 and 1977 (Kaumi 1989; Kingston 1967; Osmaston 1959) and constituted 1.0% of the park's area. These plantations were primarily found in the northern sections of the park near Sebatoli and in more central areas around Kanyawara. They were harvested starting in 1996 and 10 years after harvest there were 44 species found in a 4 ha area that was evaluated, in some places the trees had formed a closed canopy, and the above ground biomass was substantial (Omeja et al. 2009). Abandoned farms (10.3%) and degraded forest (8.7%; largely representing secondary forest associated with agricultural encroachment: see below) covered 146 km2. Seventy-six percent of these degraded lands were found in the southern corridor, which links Kibale with Queen Elizabeth National Park (QENP). The game corridor area covered 340 km2, of which 134 km2 had dual status and lay within the Forest Reserve and a Game Reserve (Howard 1991; MISR Makerere University Institute for Social Research 1989; Struhsaker 1997; van Orsdol 1986). It was managed by a separate government agency from the rest of the Kibale Forest Reserve until 1993, when it was incorporated into the National Park. Unfortunately, we do not know what proportion of the farms was established on areas that were forest versus grassland. However, if the areas that are now abandoned farms were once all forested, this means that 79 km2 of forest has been lost. Animal populations would also have been affected by the degradation of a further 66 km2 (8.7%) of forest; the degree to which the forest and wildlife populations can recover after this disturbance remains to be seen, but current trends are very promising (Omeja and Jacob unpublished data).

As early as 1971, illegal destruction and encroachment occurred in the corridor. In 1976, approximately 30 eviction orders were issued, but were not carried out. In 1983, the government again ordered settlers out of these encroached areas, and by 1984 it was estimated that 60% of the forest plots and 30% of the grassland plots had been abandoned. However, the situation soon reverted to the prior state and encroachment increased. On April 1st, 1992, the government ordered settlers off the encroached land and resettled the people with the aid of a United Nations program (Chapman & Lambert 2000). Estimates of the number of people residing in the southern corridor vary dramatically. Based on aerial surveys counting houses, van Orsdol (1986) estimated that 8,800 people were living in the southern corridor. A national census carried out in 1980 indicated that as many as 17,000 people were residing within the bounds of the Kibale Forest Reserve. Baranga (1991) estimated 40,000 people, Makerere Institute for Social Research (MISR) (1989) reported some 60,000 people, and after the resettlement the National Environment Management Authority (NEMA 1997) estimated that 30,000 households, or approximately 170,000 people, had been residing in Kibale. The extreme variance in these estimates (from 8,800 to 170,000) illustrates the need for careful research prior to the initiation of resettlement programs. Based on surveys conducted by CAC and LJC just after the resettlement program was completed, it is our impression that most of these estimates were high. It seems likely that the larger estimates were politically and economically motivated. 
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Figure 5.1. A map of Kibale National Park and its placing within Uganda and Africa.  
Climate Change: Patterns and Possible Cascading Disease Effects


There is growing appreciation that climate change has or could cause significant change to the abundance of particular species and ecosystems. We have rainfall data between 1903 and 1971 from the Government of Uganda meteorological records for the town of Fort Portal (approximately 20 km east of Kanyawara), between 1972 to 1989 from Tom Struhsaker at Kanyawara, and between1990 and present from CAC and LJC, again at Kanyawara. Temperature data were available from NASA (http://www.giss.nasa.gov/cgi-bin/update/name_or_map.py) between1905 and 1948 at Fort Portal, between1976 and1989 from Tom Struhsaker at Kanyawara, and between 1990 and present from CAC and LJC at Kanyawara. 


These data sources suggest that the Kanyawara area of Kibale receives approximately 1697 mm of rainfall annually (1990-2009), but it receives ~300 mm more rainfall/year today than it did at the start of the 19th century. Other climatic changes include less frequent droughts, an earlier onset of the rainy season, and an increase of just over 4oC in average maximum monthly temperature over 33 years (Chapman et al. 2005; but see Stampone et al. unpublished data). These changes are much higher than global averages (IPCC 2001, but see Altmann et al. 2002 for a similar example from East Africa). Since the discovery of the magnitude of this change, we established a network of temperature monitors and rainfall gauges throughout the park and surrounding landscape (e.g., agricultural land and tea plantations). This research is being conducted by JH and CAC. We have also been able to obtained rainfall records from a number of government rainfall stations from 1940 to 1975 (Stampone et al. unpublished manuscript). Trends identified in this older data set are consistent with current trends where newer data are available. However, analysis of this data demonstrate a high degree of spatial variability with respect to trends in total seasonal and annual rainfall with some areas getting progressively wetter and some becoming drier. This indicates that significant variation is occurring at very localized scales, which suggests that monitoring the impact of climate change must be conducted at the appropriate, localized scale. Seimon and Phillips (this volume) similarly point out that simulation models of climate in the Albertine Rift are both high in magnitude and spatially heterogeneous. At the regional scale these models suggest a general increase and a temporal redistribution of precipitation.


Climate change will have direct impacts on systems (e.g., making them too dry for particular plant species or shifting the ranges of animals); however, it can also have unanticipated or cascading changes. It is on such complex changes that we believe academics should direct their efforts. One potential cascading effect of climate change is the alteration of host-parasite dynamics. In fact, the human medical literature illustrates many connections between climate and disease, with specific diseases occurring during certain seasons or in association with specific unseasonable weather conditions. For example, in sub-Saharan Africa, meningococcal meningitis epidemics occur during the hot dry season (Patz et al. 1996). Similarly, in the United States, 68% of waterborne disease outbreaks, such as Giardia and Cryptosporidium, are preceded by heavy rain events (Hunter 2003). We do not have long-term records of disease dynamics to associate with climate variables for wildlife in Kibale, although we have shown that in wetter areas black-and-white colobus (Colobus guereza) have a higher number of parasite eggs per gram of feces for some parasite species than dryer areas or sites (Chapman et al. 2010; see also Stoner 1996). While some argue that gastrointestinal parasites have little impact on host populations (Munger & Karasov 1989), others present evidence of biologically significant impacts, particularly when the host population is nutritionally stressed (Chapman et al. 2006; Coop & Holmes 1996). The population effects of such changes in parasite infections remain to be evaluated for these monkeys. However, since a 32-year record of plant phenological patterns (see below) suggests that climate change in this region has led to periods of food scarcity causing nutritional stress in primates (Chapman et al. 2005), and since stress has been shown to increase the biological significance of parasite infections in colobus monkeys (Chapman et al. 2006), the impact of climate change on host-parasite interactions should receive more detailed study. 


Many factors have been proposed to drive phenological patterns of tropical rain forests; however, abiotic characters, such as rainfall, day length, irradiance, and temperature are most commonly cited to influence the timing of fruiting, flowering, and leafing events (Ashton et al. 1988; Newbery et al. 1998; Opler et al. 1976; van Schaik 1986; van Schaik et al. 1993). If climatic factors are important determinants of phenological patterns, we might expect that the magnitude of the climate change documented in Kibale would result in changes in fruiting, flowering, and leafing patterns. We have used two data sets (1970 – 1983, Tom Struhsaker and 1990 – 2002, CAC and LJC) to describe the fruiting patterns of the tropical tree community in Kibale (Chapman et al. 2005; Chapman et al. 1999). To address variation in spatial patterns in phenology (trees > 10 cm dbh) and take advantage of the north-south decline in rainfall, we describe fruiting over 2-3 y among four sites each separated by 12-15 km. The 1990 - 2002 phenology data illustrated high temporal variability in the proportion of the populations fruiting. Interannual variation in community-wide fruit availability was also high; however, the proportion of trees that fruited has increased over the past 12 years (5.2). At the species level a variety of patterns were exhibited. A number of the most common species rarely fruit, and when they do, <4% of the individuals take part in fruiting events. Combining the two datasets for specific species in the Kanyawara region again reveals an increase in the proportion of trees fruiting between 1990 and 2002, although the proportion of the populations fruiting decreased during the earlier period (Figure 5.3). Using this combined dataset to consider patterns for specific species reveals a variety of changes. For example, Pouteria altissima exhibited a relatively regular pattern of fruiting during the 1970s; however, it rarely fruited in the 1990s or 2000s (Chapman et al. 2005 CAC & LJC unpubl. data). Similarly, Parinari excelsa fruited consistently in the 1970s, but rarely fruited in the 1990s or 2000s. This region of Kibale has long been considered a Parinari forest by foresters (Kingston 1967; Osmaston 1959; Struhsaker 1975), thus it is interesting that little regeneration is occurring in this dominant species.
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Figure 5.2. The 4 month running average of the percentage of trees bearing ripe fruit in Kibale National Park, Uganda, between 1990 and 2002.
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Figure 5.3. The proportion of the tree population fruiting between 1970 and 1984, and 1990 and 2002 in Kibale National Park, Uganda. Sampling started in August, so this is the time interval reported for each year.  This includes the following species: Pouteria altissima, Celtis africana, Celtis durandii, Diospyros abyssinica, Funtumia latifolia, Parinari excelsa, Strombosia scheffleri, Teclea nobilis and Uvariopsis congensis.

Contrasting phenological patterns at four sites along the north-south elevational and rainfall gradient within Kibale (Kanyawara, Dura River, Mainaro and Sebatoli) in the mid-1990s revealed that at the community level the fruiting patterns of only one of the six pair-wise site combinations were correlated and relationships between rainfall and fruiting were variable among sites. Contrasting changes in fruiting patterns over 30 y between four sites varying in rainfall suggests that the changes observed in fruiting may be due to climate change. For example, at the more northern and wetter site (Kanyawara), Trilepisium madagascariense fruited at a low level in the first few years of monitoring that began in 1990; however, this species has not fruited since 1993. It is possible that the drier climatic conditions found in the early half of the century were more favorable for the flower or fruit production of this species. To the south, at a drier site (Dura River), a large proportion of the T. madagascariense population has repeatedly fruited in recent years (Chapman et al. 2002a,b, CAC & LJC unpubl. data), suggesting that drier conditions may promote fruiting. It seems possible that the wetter conditions now found in the north are no longer suitable for the fruiting of this species, or these wetter conditions could have negatively impacted this species’ pollinators. 

Changes in Forest Structure: Climate Change or Forest History?


It seems feasible that such changes in climate could influence the ability of some species to persist or grow to adulthood. No credit to the foresight of members of our group to anticipate climate change, we established 11 permanent vegetation plots in the undisturbed forest near Kanyawara (K30) in December 1989. Each plot was 200 m x 10 m, providing a sampling area of 2.2 ha. Plots were placed randomly within the existing trail system. Each tree with a diameter at breast height (DBH) > 10 cm within 5 m of each side of the trail was identified, individually marked with a numbered aluminum tag and measured (DBH). The initial mean number of trees per plot was 97+6.3 SE. This provided an initial sample of 1321 trees. Plots were resurveyed in May 2000 and September-November 2006. All tagged trees were re-located and measured to assess growth and new trees recruiting into the size class of DBH > 10 cm were identified, measured, and tagged. Mortality was noted and the cause of death was evaluated when possible.


It was our impression that the species that normally recruit into large gaps (i.e., 1 ha or more) were the class of tree that would be most negatively affected by forest maturation, thus we classified species into “mature forest specialists” and “large gap specialists” (Omeja et al. 2009; Zanne & Chapman 2005). There are very few small gap specialists in the community, so this class was excluded (Chapman et al. 2008). We contrasted two indices of tree community structure: 1) change in cumulative DBH in the plots, and 2) annualized rate of population change. DBH has been found to vary reliably with both fruit crop size and leaf biomass, is practical and easy to measure, and has low inter-observer error (Brown 1978; Catchpole & Wheeler 1992; Chapman et al. 1992; Chapman et al. 1994; Harrington 1979). Annualized rate of population change was calculated using a standard model of exponential population growth:


r = lnNt – lnN0

             t

where Nt and N0 are population sizes at time t and time 0 and ln is the natural logarithm. 


It is likely that primate populations are more strongly influenced by changes in the abundance of tree species that produce food items than by the overall abundance of all trees. Thus, we estimated the cumulative DBH of food trees in each plot, for each primate species, at each time period. Kibale is an unrivaled location for this type of research because a large number of year-long or longer studies have been conducted on the foraging behaviour of its primates and we could rely on published diet data or raw data available to CAC. We used these data to determine what should be considered to be food for each primate. We included foods (i.e., a specific part from a particular species) that constituted ≥ 4% of the time spent feeding reported by Rudran (1978) and Butynski (1990) for blue monkeys, Waser (1975) and Olupot (1994) for mangabeys, Harris and Chapman (2007) and Oates (1977) for black-and-white colobus, Rode et al. (2006, unpublished data) and Stickler (2004, unpublished data) for redtails, and Chapman and Chapman (2002, unpublished data) and Struhsaker (Struhsaker 1975, unpublished data) for red colobus. We chose the 4% cutoff because it included specific food items that were consistently considered important by previous researchers, while avoiding large numbers of rarely consumed species. 


We calculated the annualized rate of population change and the percentage of change in cumulative DBH for species assigned to each recruitment category for each of the three sampling periods and considered each plot to be independent sample points. To test the significance of temporal variation in these parameters, we compared repeat samples of plots across years. Repeated measures analysis of variance (ANOVA) tests were used to test the significance of temporal (among years) and between recruitment categories (between subject effect), and their interactions. Following Potvin et al. (1990), Mauchly’s criterion was used to test for the compound symmetry of the variance-covariance matrix. When the criterion was rejected, the Greenhouse-Geisser test, which relaxes the symmetry assumption, was used to obtain corrected significance levels (Potvin et al. 1990). We conducted a one-way ANOVA when a single species was considered. 


As predicted, the rate of population change was more strongly negative for species classed as recruiting into large gaps (average 1989 to 2000 r = -0.143; 2000 to 2006, r = -0.209) compared to species recruiting into the main forest (average 1989 to 2000 r = -0.007; 2000 to 2006, r = 0.009; between-subject effects F=24.874, P<0.001). There was no significant time effect (P=0.404), but a marginal interaction effect (P=0.055), suggesting that the difference between the two classes of trees is increasing over time. As predicted, the percentage change in the cumulative DBH in the vegetation plots was more negative for species classed as recruiting into large gaps (average percent change 1989 to 2000 = -13.069; 2000 to 2006 = -13.047) compared to species recruiting into the main forest (average 1989 to 2000 = -5.417; 2000 to 2006, 5.731; between-subject effects F=10.446, P=0.004). There was no significant time (P=0.392) or interaction effect (P=0.394).


This analysis demonstrates a change in species composition over time, but does not necessarily indicate that this is driven by climate change. Rather, it may suggest that Kibale has been disturbed in its distant past, and species that preferentially recruit into large gaps are dying now that the forest is maturing. The window of time with which researchers view these forests is very short compared to the life span of the trees that make up the forests. Although Kibale obtained its first legal status in 1932, when it was gazetted a crown forest, the first descriptions of the area were not made until the late 1950's (Osmaston 1959) and no single researcher has worked in the park for more than 20 years. The analysis of pollen deposited on lake bottoms offers a means of quantifying the history of the region’s flora much further back in time. Pollen diagrams from the Ruwenzori Mountain Lakes (Livingstone 1967) and Kigezi in south western Uganda (Hamilton 1974; Hamilton et al. 1986), suggest extensive anthropogenic forest clearance that dates beyond 4800 years ago. A recent 6 m long core from the Kabata Swamp, 10 km from Kibale, finds similar evidence of clearing (Taylor et al. 1999) approximately 2500 yrs ago; this clearing could have been associated with the entry of Bantu-speaking peoples. There is a second episode of forest clearing about 400 years ago associated with shifts in settlement patterns from grassland areas to wetter, more forested regions (Taylor et al. 1999; Taylor et al. 2000). Within Kibale, a number of pits for storing grain and an array of potshards have been discovered in what has traditionally been considered undisturbed forest (Lang Brown and Harrop 1962; Lwanga et al. 2000). It seems likely that in African forests, such as Kibale, human activities have altered forest composition for a considerable period of time. Differences in forest composition between areas may reflect the period of time that the area has had to recover from human induced disturbance. However, based on what is known about the life history of the canopy trees in Kibale, identifying an area that had been disturbed 1000 years ago from one that had been disturbed 400 years ago is a very difficult task.

        There have also been significant changes in the park due to regrowth of areas that were disturbed recently. A number of researchers have quantified the regeneration of areas of former pine plantations (Chapman et al. 2002b; Duncan & Chapman 2003; Omeja et al. 2009), grasslands (Lwanga 2003), replanted forest in the south of Kibale (Omeja et al. in prep; UWA-FACE 2005) and areas of logged forest (Chapman & Chapman 2004). In all areas except the logged forest, the rate of forest regeneration seems promising. In the logged forest the rate of regeneration seems to be very slow or even arrested because of a complex set of interactions between tree seedlings/saplings, aggressive herbaceous vegetation, primarily Acanthus pubescens, and elephants (Lawes & Chapman 2005; Paul et al. 2004; Struhsaker et al. 1996).
Change in Primate Abundance Over 30 Years


Starting from the initial work by Tom Struhsaker (Struhsaker 1975), research in Kibale has focused on primates. As a result we have an extensive record of primate behaviour, ecology, and abundance starting in 1970 and continuing to date. Here we use 26 to 36 years of population and habitat data to determine the potential causes of population changes for five species of sympatric primates in Kibale in areas that were disturbed to varying intensities in the late 1960s. Line-transect censuses were initiated in the 1970s to monitor primate biomass and have been replicated several times (Struhsaker 1970-75, Skorupa 1980-81, Chapman 1996-97) using identical methods and trails (Chapman et al. 2000; Chapman et al. 2010 a,b; Skorupa 1988; Struhsaker 1975). We calculated primate density (groups/km2) and encounter rate (# groups/km walked) from line transect data. We established vegetation monitoring plots in 1989 (see above) and have repeatedly measured species composition and habitat structure (cumulative DBH) in these plots since that time. Using these data, we compiled a long-term assessment of the variation in Kibale primate abundance and tree community composition and structure through time and space. 
We use diet records from primate behavioural studies (see above) to identify important food resources so that we can examine the relationships between population dynamics and changes in food availability and, for the red colobus, food quality. We used the protein to fiber ratio as an index of red colobus food quality because it has been found to be a good predictor of folivore leaf choice (Milton 1979) and biomass (Chapman & Chapman 2002; Chapman et al. 2002a; Chapman et al. 2004; Ganzhorn 2002; Oates et al. 1990; Waterman et al. 1988). To incorporate the effect of food quality, we weighted our DBH measures by the protein to fiber ratio of both young and mature leaves of species constituting ≥ 4% of total feeding time.  We found that in general mangabey populations increased, blue monkeys declined, and redtails were stable in all areas (Figure 5.4). Red colobus monkeys were generally declining (particularly indicated by encounter rate), but may have been stable in the heavily logged area. The black-and-white colobus population is either stable or marginally increasing in some areas. For blue monkeys and mangabeys, there were no significant changes in food availability over time, yet their populations changed. For redtails, neither population measures nor food availability changed over time. For black-and-white colobus, a decrease in food availability over time in the unlogged forest surprisingly coincides with a possible increase in population density. Finally, while red colobus food availability and quality increased over time in the heavily logged area, their population did not show a corresponding increase. In the other unlogged and lightly logged forestry compartment, a possible decline in red colobus (suggested by encounter rate) was not related to a change in food quality, and in the lightly logged forest the decline in red colobus numbers corresponded with an increase in food availability. We suggest that these populations are in non-equilibrium states. If such states are widespread, it suggests that large protected areas will be required to protect species so that declines in some [image: image4.wmf]0
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Figure 5.4. Left/ The density (groups / km2) and Abundance or / encounter rate (groups seen per kilometer of transect walked) of the five common diurnal primates in Kibale National Park.  K30=unlogged forest, K14=lightly logged forest, K15=heavily logged forest.  * indicates that there is a significant change in the density of abundance from the first estimate to the last, and brackets connecting forestry compartments indicate a significant difference in abundance between areas differing in logging history (solid) or a marginal difference (dashed line).  

Conservation Changes

Overall, the conservation and management approaches applied to Kibale have had several programmatic iterations which have in turn affected the attitudes and support for the park by neighboring communities. As a Crown Forest Reserve, Kibale was established to protect watersheds and subsequently to ensure a sustainable flow of wood products that would supply British colonial interests in East Africa. Following independence in 1967, the control of Kibale transitioned to the Uganda Forest Department as a Central Forest Reserve. Soon thereafter in a tumultuous 15-year period (1971-1986), where much of the country was immersed in war and economic meltdown, management and enforcement by the Forest Department fell lax (Hamilton 1984). Neighboring communities often entered the reserve to collect fuelwood, building poles, medicinal plants, timber, and to hunt wildlife. Longtime residents describe the relationship as an amicable one and Kibale as a “neighbor” and a resource pool, where “you could get things if you needed them” (J. Magume, pers. comm. 2006). 


The outbreak of rinderpest in Uganda during the 1930’s forced many people living in Kibale forest to move towards towns (many of whom moved to Bigodi and other towns on the eastern side of Kibale). Decades later, displaced and landless people settled in the forest reserve during the period of civil war (Naughton-Treves 1999). Many of these people were forcibly evicted when the Forest Department re-established its presence in 1992 and then further when the Ugandan Wildlife Authority took over control of the Game Corridor. Those who did not leave were forcibly removed and resettled, most 100 km away in the Kibaale District (Deneve et al. 1997). Others moved to neighboring areas along the western edge of the former game corridor (Edmunds 1997) and east towards Kyenjojo. From their perspective, very few of these people were compensated fairly for their loss of crops and land. Forbidding people who lived near parks to use its resources can often create strong negative attitudes towards the park (Mugisha & Jacobson 2004). The perceived heavy-handed eviction of farmers fueled animosity between neighboring communities and the park. To local communities who had felt Kibale was part of the landscape, the park now sought to be exclusive and separate itself from the landscape that contained it. Little meaningful interaction between the park and local residents took place, and most regarded the park as something that belonged to the government (Lepp 2004; Lepp & Holland 2006).  


In recent years though, the tone appears to have changed in some communities around Kibale. The cynicism and suspicion for the park has waned. Though perceptions of and attitudes towards the park vary, research in communities outside the park has shown that many people are positive towards the park, or at the very least indifferent. Hartter (2007) found that 61% of the people surveyed (n=130) felt their households benefited directly from the park. Solomon (2007) examined fishing communities on the southwest side of Kibale and found 76% (n=183) benefited in some way from the park. 


These more positive attitudes can be attributed at least in part to a number of different factors, both directly related and unrelated to park initiatives. First, the increasing human population density outside Kibale led to conversion of many of the natural forests and wetlands in the surrounding landscape, thus destroying habitat and travel corridors for would-be crop raiders. This has increased “edge” habitat, which makes it difficult for large animals to range outside the park without crossing agricultural land (Naughton-Treves 1998). Despite this, Hartter (2007) quantified that only 31% of respondents felt that the park harmed their household, mostly because of problem animals. This problem does not seem to be getting worse; only one third of people asked felt crop raiding has become worse in the last ten years (Hartter, unpublished data). Intensive land use by the Batoro and Bakiga has not only decreased wildlife habitat, but it has led to many farms being buffered by other farms and tea plantations. In fact, most farmers say that the best defense against crop raiding by wildlife is having another farm to serve as a buffer (Naughton-Treves 1997). 


Crop raiding continues to be the cause of the largest proportion of negative attitudes towards the park, and was found to be important for households within 1 km of the park boundary (Hartter, unpublished data). Park managers acknowledge these problems. Many of the landholders want compensation for their losses but, according to the Uganda Wildlife Statute 1996, compensation to individual farmers for lost crops due to crop raiding is not permitted. Even though respondents feel that the park (52%, n = 130) and the government (31%, n = 130) must manage the crop raiding, most communities and individuals, especially those not directly neighboring the park, are left to develop their own deterrence strategies and means to cope with crop losses. 

Second, to mitigate the effects of crop raiding and to bolster public opinion of the park’s existence, UWA mandated a revenue sharing program. Under the Uganda Wildlife Statute of 1996, individuals cannot be compensated for property loss or damage due to wildlife. However, 20% of the gate receipts from national parks are to be shared with local communities (Government of Uganda 1996). The 27 parishes that border the park are therefore eligible for a portion of the entry fees collected from the modest amount of tourists (5-6000 annually) who visit Kibale. In 2008, Kabarole District received Ush 36.5 million (~$23,000 USD) under the revenue sharing program (Kajubu 2008) which was dispersed to 5 sub-counties. Park officials continue to be concerned about the increased destruction of crops by wild animals and as such much of the money recently has gone to dig trenches (3 m wide x 3 m deep) along the park boundary, primarily to prevent elephant raids. In addition, these monies have gone towards infrastructure improvement projects (e.g., classrooms, community buildings). Overall, Archabald and Naughton-Treves (2001) report improved attitudes and friendlier relations between local residents and park employees since the inception of revenue-sharing programs.


Third, park management has worked to improve their relationship with the neighboring communities. As such, there is a perception that even though encroachment, resource extraction, and hunting are prohibited, park management has become less exclusionary and confrontational, and instead seeks to work alongside park neighbors to solve problems of crop raiding and resource scarcity. Kibale has entered into Collaborative Resource Management (CRM) Specific Issue agreements with local communities. These agreements allow locals to access certain park resources under specific conditions (Chhetri et al. 2003). Agreements have been established to allow access to rattan cane, fish, beekeeping, coffee, water for cattle, firewood, medicinal plants, and papyrus from within the park boundaries (Chhetri et al. 2003; Solomon 2007). In addition, rangers also help landholders by firing rifles to scare wildlife away from fields. The respectfulness with which park managers treat their neighbors seems to have a considerable influence on attitudes to parks (Hartter, pers. obs.). By employing more local residents, UWA hopes that economic opportunities would have positive effects on local attitudes. Though the percentage is still small relative to the surrounding population (Hartter 2007), Kibale employs local residents permanently as park rangers, tourist guides, and seasonal or contracted short-term labor as trail cutters, timber cutters, and to run the tourist canteen. The presence of the park has also drawn attention by international researchers who also hire local residents as field assistants and cooks.   


Fourth, improved education, outreach, and communication through park programs, UWA, National Environment Management Authority, local community-based natural resource groups, and local and international NGOs have contributed to increased local ownership of issues and public awareness of benefits of conservation and the park beyond material benefits through public discussion, radio broadcasts, posters, and increased interaction and training of local government officials. Regular dialogue with communities and local government officials raised awareness of management policies and laws. Community conservation wardens have become more visible and have visited many communities near Kibale. Of the people who believed that the park provided benefits to their livelihoods, Hartter’s (2007) work shows that environmental services (e.g., timing and adequate amount of rainfall, fresh air, and climate regulation) were mentioned as benefits more often (73%, n=79) than material benefits (e.g., employment, infrastructure development, 26%). In addition, 72% of all respondents (n=130) believe Kibale should be maintained in its current state with the same rules and regulations and not be destroyed (Hartter 2007). Furthermore, 60% (n=183) of respondents disagreed that the park should be given to those around the park to convert to agriculture (Solomon 2007).


The revenue sharing program, community conservation programs, increased visibility of park staff, and cooperation with community groups have all helped to improve relations between the park and communities. Despite the trajectory of positive public opinion, the situation around Kibale is far from perfect, especially in communities directly adjacent to the park boundary. Crop raiding and small-scale encroachment (e.g., timber cutting, fuelwood collection, and hunting) continue inside the park. Money dispersed through the revenue sharing program is relatively small and does not adequately offset the cost to individuals for loss or damage of crops by wildlife (Archabald & Naughton-Treves 2001). Education and outreach programs tend to be focused in areas around park headquarters, ranger outposts, the research site, and main transportation arteries. Communities that are further removed from these activities feel less of a connection to the park (Hartter unpublished data, Solomon 2007). The park’s community conservation unit of 3-5 individuals is severely understaffed and lacks enough financial resources to have widespread impacts in all areas around the park; although park warden plans to these address programmatic deficiencies (Tumwesigye pers. comm. 2008) in more remote communities. Continued disproportionate emphasis on law enforcement illustrates that Kibale’s priority still remains law enforcement over collective action and education. Compliance continues to be driven partially by fear of punitive measures by rangers (Lepp & Holland 2006). Despite the shortcomings, Kibale has remained successful in defending its borders and continues to committed to conservation and improving the relationship between the park and its neighbors. 

Conclusion

In general, the most significant finding from our long-term research is that whatever aspect of the environment we examined, it was changing. This suggests that Kibale is in a non-equilibrium state, which represents a huge challenge for the management of the park. Not only must data be collected over the long-term to identify changes, but continual monitoring is required to evaluate the effectiveness of management actions. Some areas of Kibale are experiencing high levels of climate change, which may be driving changes in phenological patterns, incidence of disease, and primate abundance. 


Kibale is in an almost unrivalled position to evaluate long-term changes in primate populations and their drivers since we have data which date back to the early 1970s. We were able to determine that two primate species appear to be in decline: blue monkeys and red colobus (as evaluated by encounter rate). However, despite the wealth of data on these species, we could not identify the cause of these declines. It is thought that there are only four viable populations of red colobus in the world, and Kibale is the only one in Uganda (www.iucnredlist.org/details/39993 accessed December 17th 2008). As a result, there needs to be continued monitoring of red colobus abundance and research to identify the causes of its decline. 


Our findings have a number of implications. First, it is important for management authorities to work closely with researchers willing to collect long-term data in order to document and identify drivers of change. Second, adaptive management plans must be constructed to use limited existing data in the most efficient way. Where possible, long-term researchers should be encouraged to use existing data to attempt to forecast future conditions, as this will help policy makers prevent future problems rather than responding to events that are occurring or have occurred. It should also be recognized that taking no active management is a management decision in itself. For example, current evidence (Lwanga 2003; Omeja et al. in press) suggests that former grassland areas in Kibale will be replaced by forest in the coming decades, thus management activities will be required if maintaining grasslands and the animals it supports is a priority.


While not directly part of our research program, it has become evident from over two decades of research in the region that two additional issues need to be addressed. The Uganda Wildlife Authority is well aware of both issues and has active programs designed to address them. The first involves the growing elephant population in the park and increasing effect they have on adjacent communities when they leave the park to raid crops. Research can help with this issue in a number of ways, such as by determining elephant population levels, evaluating how their populations will change with the regeneration of grasslands, pine plantations, and the southern corridor, and by constructing predictive models of how their population will change with existing and alternative management strategies. 


The second issue involves the relationship between the park and the adjacent villagers.  With growing human population sizes, there will be increasing pressure on the park for resources that become scare in the surrounding landscape. Currently, the population density of Uganda is 120 people/km2 (United Nations 2008). However, in areas with fertile lands, such as those that surround Kibale, the population density is often between 270 and 315 people/km2 (Hartter 2007). Naughton-Treves (1998) estimated the population density neighboring the park nearly tripled around the park between 1959 and 1990. The density will not be overly impacted by increasing urbanization rates, since in 1950, 3% of Uganda’s population lived in urban areas, while in 2030 the percentage of the population living in urban areas is expected to grow to only 21% (Jacob et al. 2008). This means that improved protection, enhanced park-people relations, and providing alternative sources of fuel will all become increasingly important as the growing population requires more resources and land. 


If change in ecological systems is occurring at a rapid rate, then the few long-term researchers that are working in an area need to work hand in hand with managers to attempt to construct informed management plans. The most profitable avenue to do this will likely involve scenario planning where managers and long-term researchers present potential futures and there is an informed dialogue about the probability that different scenarios will occur and the preemptive actions that could be taken. Accordingly, we need to use the data from long-term research to project potential futures. These exercises should consider the appropriate scale of management (e.g., whether or not Kibale should conserve buffalo that prefer grassland when there is thriving populations just to the south in Queen Elizabeth National Park). A joint partnership, recognizing the different goals and priorities of the different stakeholders is needed to forge a strong future. 
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