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Abstract

:

Promoting forest regeneration outside protected forests is an urgent challenge in densely settled, biodiverse areas like the East African Rift. Regenerating forests entails managing complex processes of ecological recovery as well as understanding the needs and motivations of local land users. Here, we evaluate pathways for attaining native tree regeneration across variable site conditions. We investigate two common strategies for attaining native tree regeneration—setting aside land for forest regeneration (‘Protect and Wait’) and native tree planting (‘Native Tree Planting’)—and a possible third, smallholder exotic tree-planting (‘Woodlots’). We measured native seedling regeneration patterns for each of the three strategies, all underway at a single site in Southern Tanzania. We also used historical aerial photograph analysis and interviews with smallholder farmers to understand past and present land use. Our results show that forest regeneration has been arrested for decades on land under ‘Protect and Wait’, and seedling survival appears to be limited under ‘Native Tree Planting’. In contrast, we found saplings of 28 native species growing spontaneously within pine, eucalyptus, and cypress woodlots planted <400 m from native forest boundaries. Interviews showed that the citizens most likely to plant woodlots near the protected forest were those who owned additional land parcels elsewhere. Some saw woodlots as a means to avoid losing crops to wildlife at the forest edge. Our findings suggest: (1) Simply setting aside land for regeneration does not guarantee forest regrowth, even if it is adjacent to natural forest, (2) native seedlings will be more likely to survive if planted near shade trees, and (3) smallholders’ woodlots could hasten native tree regeneration at forest park edges if farmers have incentives to protect the native tree seedlings in their woodlots and they can find land elsewhere to plant food crops.
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1. Introduction


Promoting native forest regeneration outside isolated protected areas is necessary to counter habitat fragmentation and isolation [1,2]. Field projects are underway globally to create forested corridors: Some simply to facilitate wildlife movement, and others to provide habitat [3]. There is special urgency for such efforts in areas with acute forest isolation, including densely settled biodiversity hotspots such as the East African Rift [4]. Here, forest remnants range from 84 Ha to 160,000 Ha [5,6], contain endangered and endemic species [7,8], and are surrounded by densely settled agriculture (up to 300 people per km2 [9]). Spatial planning tools and modeling can help identify and prioritize where to locate a corridor site [10,11], but the greater challenge lies in the implementation. Finding ecologically sound and socially fair ways to promote forest corridors in the Rift presents two main challenges: (1) Implementing restoration projects in the absence of detailed data on vegetation baselines and trajectories, and (2) incorporating the needs and motivations of local land users.



Before embarking on a forest regeneration effort, desired land cover outcomes should be defined based on known vegetation baselines [12] (Figure 1). Such baselines are difficult to establish in the East African Rift due to the region’s status as an ecotone between forest and savanna [13], and the limited availability of historical vegetation records [14]. Satellite imagery has limited applicability due to the region’s extensive cloud cover, fine-scale land use variations, and the fact that satellite data typically extends only to the mid-1980s. Alternative data sources, such as historical vegetation surveys and aerial photographs can help reconstruct land use and land cover changes [14] and aid in setting restoration targets [15].



If forest is the desired land cover, the next step is to identify the site conditions associated with native forest regeneration (Figure 1). The presence of native tree seedlings is a good indicator of the ability of the forest to regenerate and depends on the site’s ecological and management conditions [16]. Ecological conditions known to predict the presence and abundance of native tree seedlings include past forest cover, distance from current native forests, fire frequency, and the presence of competing vegetation. Sites previously forested may regenerate due to the presence of dormant seeds in the soil [17]. The distance from current forest edges also predicts native seedlings presence and abundance, partly by providing a proximate source of dispersers and seeds [18,19]. Conversely, fast-growing vegetation, such as grasses and shrubs, can out-compete native tree seedlings [20]. Other factors, like the presence of remnant trees, appear to increase native seedlings’ success either by self-propagation or by providing roosting spots for dispersers [21].



Site management conditions and land ownership can also be associated with either increased or decreased seedling presence (Figure 1). Forests can regenerate if fire and grazing are limited and grasses are controlled, but can otherwise stall, even on protected land [22]. Conversely, private landowners may manage their land in a manner that supports native seedlings regeneration (e.g., by suppressing competing vegetation or fires) [23].



After defining the desired regeneration outcome and appraising a site’s management conditions, managers need to select an ecologically and socially viable regeneration strategy. In the Rift, regeneration strategies tend to fall into two categories: Protect an area from human disturbance so it can naturally regenerate (hereafter: Protect and Wait) or actively restore an area via native tree planting (hereafter: Native Tree Planting). We also explore a third, less familiar approach, centered on integrating smallholder tree farms into regeneration planning (hereafter: Woodlots) (Figure 1). We organize our analysis around the three strategies to reveal challenges and opportunities for forest regeneration at our study site and other isolated Rift protected forests.



The first strategy—Protect and Wait—entails the creation of new conservation areas, the extension of existing protected area boundaries, or local land-use zoning [24,25,26]. We define Protect and Wait in this context as a regeneration strategy that relies on native forest regrowth. Some studies from the Rift show that, with time, this strategy can favor regeneration [27]. Yet, Protect and Wait can imply significant social costs if it entails displacing smallholders from their land (Table A1). Forested corridor creation in the Rift involving the forced relocations of communities has a troubled history, including cases of violence and impoverishment [24].



The second strategy—Native Tree Planting—can be implemented in land under any management condition, but in the Rift, it is more common in protected areas (Table A1). We define Native Tree Planting in this context as an intensive native tree planting activity for the purpose of regenerating forested habitat (individual tree planting for shade or fruit on private land, for example, is excluded). In the Rift, non-governmental organizations tend to cover the direct costs of seedling propagation and distribution (Table A1). These costs can be significant (up to 700 USD/Ha [28,29]). Local citizens sometimes provide wage labor and/or raise seedlings for sale to projects undertaking Native Tree Planting [30], which indicates a potential social benefit.



The third strategy—Woodlots—centers on ongoing smallholder tree farming. In the East African context, a ‘woodlot’ generally refers to a small (<5 Ha) monoculture of non-native trees planted on private land [31,32,33,34]. Here, we propose Woodlots as an indirect regeneration strategy that would rely on protecting native tree seedlings found in woodlots that are grown for timber, firewood, and/or fruits, and are rapidly developing at the edges of protected forests in the Rift [35,36]. The term Woodlot should thus be understood both as a regeneration strategy as well as a type of land use. To date, those studying regeneration have generally viewed woodlots only as a way to alleviate pressure on native forests in the Rift by meeting the high demand for timber and firewood [25,37]. Their possible role in facilitating forest regeneration has received less attention (but see [23,25,36]).



If an area identified for forest regeneration is already under smallholder management, the Woodlot strategy is worth exploring. Woodlots on land adjacent to some forest edges in the Rift are increasing at a rapid rate [33,35]. Amidst this rapid expansion of woodlots [34,38,39], it remains unclear how smallholders decide to establish woodlots on a given land parcel versus another. These land allocation decisions are relevant to forest regeneration planning because management practices related to woodlots (e.g., suppressing fires and competing vegetation) shape native tree seedlings regeneration [36,40].



In this study, we evaluate the merits of different pathways to attain native tree regeneration in the context of local conditions. We focus on a corridor site in Southern Tanzania, where all three strategies are underway in a single small (300 Ha) area that includes government-protected land and smallholder farms. Specifically, we aim to:




	(1)

	
Determine historical trends in tree cover for the area under protection versus under smallholder management;




	(2)

	
Identify site conditions and management factors that determine variations in native tree seedling density and richness under the three regeneration strategies (Protect and Wait, Native Tree Planting, and Woodlots); and




	(3)

	
Identify factors associated with allocating land to woodlots among smallholder farmers.









Thus, we draw lessons on when Protect and Wait results in regeneration, how Native Tree Planting can be improved via understanding of the site’s management and ecological conditions, and discuss Woodlots’ role in harboring native seedlings. A novel contribution of the paper is its consideration of all three strategies in a single area. We also document factors shaping smallholders’ decisions to plant woodlots, particularly near protected forests.




2. Methods


2.1. Study Site


Our study site lies in the southern end of the East African Rift, amid the montane forests of Southern Tanzania (9° S, 33° E, Figure 2A). The southern highlands have a complex mosaic of ecotones, including native forest blocks located on either side of the study site, and flora-rich highland grasslands located ~1000 m above the study site [41]. The site receives 2000 mm of rainfall per year, and ranges in elevation from 1686–2008 m from south to north (Figure 2B).



We looked at the three forest regeneration strategies in the ‘Bujingijila gap’, a non-forested area measuring ~3 by ~1 km between two protected forests. The site is divided into two portions that differ by management: The northern, protected portion which is within Kitulo National Park, and the southern portion, which is under smallholder ownership (Figure 2B). At the study site, the three regeneration strategies observed were: Protect and Wait, Native Tree Planting, and Woodlots. Protect and Wait and Native Tree Planting strategies were implemented in the northern, protected portion of the site. Protect and Wait was implemented inadvertently, as the northern, protected portion of the site is within a protected area boundary. Native Tree Planting was implemented by the Southern Highlands Conservation Program (SHCP), a non-profit that invested in planting 17,500 native trees between 2010 and 2014 in an area measuring 8 Ha within the northern portion [42]. Woodlots are found in the southern portion (Figure 2C). Although there are no homesteads in the southern portion, there are crop cultivations, fallows, and woodlots. In the woodlots, smallholders plant exotic trees, including pine (Pinus patula), eucalyptus (Eucalyptus maidenii), and cypress (Cupressus lusitanica). The three strategies were not uniformly replicated across the study area, but all were underway within a 300 Ha area bordered by the mid-altitude forests of comparable composition [43]. This juxtaposition affords a unique opportunity for comparison.




2.2. Data Collection


The first author conducted archival and field research in June–August 2015, including analysis of aerial photographs, field surveys of vegetation, and interviews of smallholders.



Aerial Photographs allowed us to evaluate historical forest cover and determine vegetation baselines. We acquired multi-angle aerial photographs that cover our site for the years 1949, 1969, 1976, and 1985 (full reference in F A2). We georeferenced the aerial photographs in QGIS using the Georeferencer plugin. We collected at least ten ground control points (GCP) per image, using the Open Layers plugin for spatial reference, and applied the Thin Plate Transformation to minimize root mean square error (RMSE) (RMSE and number of GCP for each image in Table A2). We mosaicked the georeferenced aerial photos by year, and then hand-digitized tree cover in the study site for each year. We also hand-digitized tree cover for the years 2008, 2014, and 2017 from Historical Imagery in Google Earth Pro.



Vegetation Surveys allowed us to identify factors associated with native tree seedling density and richness. The seedling sampling design differed between the northern, protected portion of the site and the southern portion where land cover was shaped by individual farmers’ decisions. We placed a total of 401 circular plots of 1 m2 each: 111 in the northern, protected portion (total area = 87.5 Ha), and 290 in the southern, smallholder portion (total area = 157.8 Ha). In each circular plot, we recorded the GPS location, all tree seedlings of <1 m height, the average height of grass (Hyparrhenia rufa), and all large tree species (diameter at breast-height (DBH) > 20 cm) within 5 m of the plot.



In the northern, protected portion, we set vegetation transects ~150 m apart, oriented E–W, from one forest edge to another (n = 22 transects, x = 200 m, total length 4400 m). We located the 1 m2 circular plots every 50 m along transects. Here, we also conducted a targeted survey of the planted native tree seedlings. Aided by a local guide, we canvased about half the area where SHCP planted native tree seedlings, and identified planting sites based on distinct depressions of planting holes.



In the southern, smallholder portion, we sampled seedling distributions on farmers’ parcels (n = 60, average size: 0.6 Ha, range 0.1 to 2.4 Ha). We selected a random subset of parcels for vegetation surveys from a list of residents. Thirty-two of the fields had woodlots, 18 were in fallows, and 20 had annual crops, though half of the crop fields were recently planted with pine. We placed five of the 1 m2 circular plots along the middle of each field, with the inter-circle spacing ranging from 15 to 50 m depending on field size, and collected vegetation data in the same way as we did in the northern portion.



Farmer Interviews helped identify how smallholders locate woodlots. We generated a list of all land owners in the southern portion (~300 owners) with the help of village officials and local elders. Then, we stratified the names by land use (i.e., whether their parcel was a woodlot, a crop field, or fallowed) and drew randomly from each stratum, and conducted 92 interviews. We conducted interviews in Kiswahili at farmers’ homesteads, each lasting ~1.5 h, following the Living Standards Measurements Survey guidelines [44], and in accordance with human subjects protocol (IRB approval: #2015-0536). First, we asked about the farmer’s land parcel located within the study site, focusing on why the farmer established a woodlot, or planted crops, or left their land fallow. Then, we asked about the respondent’s land elsewhere and recorded the following attributes for each: Parcel location, area, crops planted, fallowing regime, and, if the parcel has a woodlot, the estimated number of trees. Last, we asked respondents to share their knowledge of land management in the northern portion, including questions about any recent fires and vegetation cover.




2.3. Data Analysis


To evaluate historical tree and land cover changes, we looked at historical aerial photographs and contemporary high-resolution imagery. We distinguished tree cover from non-tree cover by visual interpretation. We further distinguished native tree cover from planted smallholder woodlots using the woodlots’ textures that result from linear planting. From the digitized tree cover, we charted tree loss and tree gain for both the northern, protected portion of the site and the southern portion, for all the available years (1949, 1969, 1976, 1985, 2008, 2014, and 2017).



To evaluate regeneration patterns under different regeneration strategies, we looked at seedling density and richness. As noted previously, the three strategies were not uniformly implemented across the study area. Thus, for Native Tree Planting, we solely report the proportion of surveyed tree seedlings that survived. For the Protect and Wait and Woodlot strategies, we used the 1 m2 sampling circles as the unit of analysis, and tested seedling density and richness (dependent variables) versus proximity to a tree of DBH > 20 cm, distance from forest edge (in m, calculated as a perpendicular distance from the GPS point to the nearest forest edge; range: 0–405 m), and height of grass (in m). We fitted a zero-inflated General Linear Model (GLM) in R, using package pscl on the seedlings data [45]. The zero-inflated model fit a Poisson model with a log-link function on the count data, and a binomial model with a logit link on the zeroes. This approach was appropriate since the seedling data in the 1 m2 circles were count-based and contained a high proportion of true absences [46]. We selected the best model using Vuong model comparison criteria [45]. We present the proportion of planted native tree seedlings that survived under Native Tree Planting, and the odds-ratio predictors of native seedlings density and species richness for Protect and Wait and Woodlots.



To identify the land-use characteristics associated with woodlot-planting farmers, we categorized the interview responses in two ways. First, each enumerated parcel was labeled as either a forest edge parcel or a non-forest edge parcel. We classified all parcels in the gap or abutting forest edges as ‘edge parcels’ (n = 144) if they were located <400 m from forest edges in the gap or nearby area (Figure 2B), and the rest as ‘non-edge parcels’ (n = 370). Second, each respondent was labeled as either a Woodlot Planter (n = 59) or a Non-Woodlot Planter (n = 33). ‘Woodlot planters’ were those who had: (1) At least one parcel devoted entirely to a woodlot, (2) at least one woodlot parcel with ~1000 trees/Ha, and/or (3) an overall tree count exceeding 300. We used a paired t-test to check whether Woodlot Planters allocate their parcels differently compared to Non-Woodlot Planters. We made the same comparison for parcels located at forest edges versus those located elsewhere. We report differences between Woodlot Planters and Non-Woodlot Planters in terms of total land owned (in area and in number of parcels), and in terms of proportion of landholding devoted to a specific use at the forest edge versus non-forest edge.





3. Results


3.1. Historical Tree Cover Trajectories


Imagery interpretation showed that tree cover increase has been low in the northern, protected portion of the site, while in the smallholder portion, tree cover initially decreased, and then started to increase (Figure 3). The northern portion has been free from any farming since at least 1949, according to aerial photography evidence and local respondents. However, a modest wooded area covering ~15 Ha (16%) has appeared in the intervening six decades (Figure 3). Meanwhile, in the southern portion, 108 Ha were converted from native tree cover to farmland between 1949 and 1975 (Figure A1). Since 1975, the native forest edges have remained steady in the southern portion, but woodlots have increased non-native tree cover since 2008 (Figure 3).




3.2. Patterns and Predictors of Native Tree Seedlings Abundance and Richness


Nearly half (190) of the 401 sampling circles had no tree seedlings (Table A3). The proportion of null observations was higher in the protected portion than in the smallholder portion (63% versus 41%, respectively, Z-score = 3.92, p-value < 0.0001), suggesting limited regeneration in the protected portion.



Tree seedlings of native species were more abundant within the southern, smallholder portion (0.07 seedlings/meter of survey effort versus 0.03 seedlings/meter in the protected portion) (Table A3). Overall, we encountered a total of 589 seedlings, representing 32 species: 28 native and four exotics. In the protected portion, we encountered 140 seedlings, representing 13 species, while in the smallholder portion the seedling count was 449, representing 28 species. Three native species dominated: Morella salicifolia subsp kilimandscharica, Maesa lanceolata, and Myrsine melanophloeos (together 52% of total seedlings, n = 489; see Table A5 for species list and Table A4 for a summary).



Under Native Tree Planting, we encountered 99 tree-planting holes, of which 19 had live seedlings. Given our low encounter rate and lack of prior information on the precise locations of tree-planting holes, we did not test predictors of planted seedlings distribution. Therefore, this treatment does not appear in Table 1 as a formal test, but rather we share data for Native Tree Planting as observations to strengthen the inferences in the Table.



We observed two main distribution patterns in the vegetation data: Seedlings species richness varied by distance from the forest edge (Figure A2) while height of grass varied by the land-use category (Figure A3). Our GLM strongly predicted seedling distribution, with differing effects of proximity to a tree of DBH > 20 cm, distance from forest edge (in m), and height of grass (in m) based on whether the sampling location was under Protect and Wait or Woodlots (Table 1). For the entire site, proximity to forest edges increased the likelihood of encountering tree seedlings (odds ratio = 0.99), and this effect held between the Protect and Wait and Woodlots strategies. Proximity to large trees also increased the likelihood for encountering native tree seedlings, with a stronger effect under Protect and Wait (odds ratio = 2.01). Grass height increased the chances of null seedling observations over the whole site (odds ratio = 1.44).




3.3. Land-Use Factors Associated with Tree Planting among Smallholder Farmers


There were no homesteads in the study area, which means all the landowners we interviewed had at least one other land parcel elsewhere. On average, respondents owned a total of 4.7 parcels (range 2–11). Each parcel averaged 0.6 Ha and the total land area per respondent ranged from 0.4 Ha to 36 Ha (mean = 3.2 Ha, standard deviation (SDEV) = 4.0).



The main difference between people who planted woodlots (n = 59) and those who did not (n = 33) was that woodlot planters owned significantly more land away from the forest edge (Figure 4). All respondents (n = 92) favored growing food as far from the forest edge as possible. Paired comparison of land-use apportioning at the forest edge versus further from the forest edge showed that farmers prefer to plant food crops in parcels further from the forest edge (paired t-test difference = 32%, p-value ≤ 0.0001). Additionally, both groups devoted comparable amounts of land to food crops (woodlot planter = 1.00 Ha, non-woodlot planter = 1.18 Ha, difference = 0.18 Ha, paired t-test p-value = 0.15). However, the rest of the land woodlot planters own is devoted to tea and trees, while for non-woodlot planters, it is left fallow (Figure 4).





4. Discussion


Our study yielded three main findings: (1) Forest regeneration has been arrested for decades on land under Protect and Wait, and Native Tree Planting appears to have limited success; (2) forest-adjacent Woodlots had the highest abundance and richness of native tree seedlings; and (3) smallholder farmers were likely to plant woodlots at the forest edge if they could grow food elsewhere. Although caution is warranted in extrapolating these results, our study site is broadly representative of conditions elsewhere in the East African Rift (i.e., isolated forests surrounded by agriculture, a propensity for arrested forest succession, and a surge in woodlot planting). Thus, we offer the following insights regarding forest regeneration pathways:



4.1. Use of Historical Land Cover to Establish Regeneration Baselines


Determining vegetation and land cover baselines is challenging for East African Rift sites due to the limited availability of historical vegetation data [14], but it is a key step before embarking on any regeneration effort. Historical aerial photographs demonstrated that our site had areas that were forested in the recent past, and areas that were not. Determining such vegetation baselines is particularly important for regions that have complex vegetation mosaics, e.g., transition zones from tropical forests to savanna grasslands [13]. Our small study site is entirely bordered with montane forests. Biodiverse native grasslands are also present in the surrounding area, but these are found at 2800 m elevation, ~1000 m higher than our study site. [41]. These high-altitude grasslands hold many unique plant species. By contrast, at our study site, a disturbance-favored single grass species predominated—Hyparrhenia rufa, (locally called ‘lusanje’), which can grow to 3 m height and is known to suppress forest recovery [19]. In short, the long-term abundance of H. rufa could explain the suppressed forest growth in the northern portion.




4.2. Understanding Distribution Patterns of Native Seedlings


Three ecological conditions were significantly associated with native seedling abundance in sites under Woodlot and Protect and Wait: Distance from forest edge, grass height, and proximity to large, isolated native trees. As expected, proximity to forest edges increased native seedlings abundance and richness, as the forest provides a ready source of seeds [17]. Meanwhile, tall grass was associated with fewer native seedlings [19]. The fact that isolated large trees were positively associated with native tree seedlings of various species suggests that they are shading out surrounding tall grass, and/or providing roosting spots for seed dispersers [21]. These ecological conditions for native seedlings distribution were similarly predictive across management conditions. The findings reiterate the importance of understanding the site’s ecological and management conditions before implementing any regeneration strategy.




4.3. Strategic Application of Regeneration Strategies


Given the contingencies of management at our site, it was not possible to gather comparable data for all three regeneration strategies. Data for Native Tree Planting strategy were particularly limited. The tree planting efforts at our site were concentrated in only 8 Ha, all > 50 m from the forest edge. Due to this replicability problem, caution is warranted in drawing conclusions about the comparative advantages of different regeneration strategies. More research is needed, including studies attendant to smallholders’ possible roles in ‘igniting’ forest regeneration [23,47]. Despite this limit, our study offers the following insights for each regeneration strategy:



Protect and Wait: We found that even if land is left uncultivated for decades, forest regeneration is not guaranteed. This is a cautionary finding for some projects, especially those removing smallholders to allow forest regrowth (e.g., Table A1). Local ecological conditions, such as the presence of tall grass [19], may prevent regeneration in set-aside areas. Protect and Wait is only effective under conditions favorable to forest regeneration, namely, the presence of nearby seed stocks, roosts for seed dispersers, and the suppression of fire and competing grasses [27]. When reconnecting forests is urgent, such as at our site where the gap separates two patches of montane forest holding populations of an endangered arboreal primate [43], Protect and Wait might be too slow.



Native Tree Planting: Native tree planting projects often prove more costly and less effective than predicted [48,49], so they should be undertaken only after an assessment of the tree cover history and careful consideration of the financial and management capacity for protecting planted trees. Given that the local conservation organization planted 17,500 native trees [41], the low encounter rate is discouraging. Our low encounter rate was partly due to methodological problems (it was difficult to find seedlings in tall grass one-to-four years after they were planted), as well as the underlying low survival rate of the planted seedlings. In any case, due to sparse data, we were unable to model the predictors of seedlings success under this strategy. Native Tree Planting may still be a useful strategy for the northern site (and similar areas in the Rift) with key adaptations. Planting tree seedlings close to shade areas (e.g., under isolated remnant trees) and suppressing H. rufa may improve their survival. Additional considerations, such as fire frequency, should also be assessed. Though there are no systematic fire records for our site, respondents mentioned that ‘every few years’ fires set by some individuals in their own parcels spread northward into the protected portion. They recalled that the last notable fire burned in 2012, destroying many of the first set of planted trees [42]. Fire has limited native tree seedlings growth at analogous sites, both when seedlings grew spontaneously [22,28,50] and when they were planted [51]. A dual approach of planting seedlings near shade trees and suppressing H. rufa to reduce the risk of fires would favor seedling survival.



Woodlots: Even though pine, eucalyptus, and cypress woodlots are no substitute for native biodiverse forests, under some conditions they may contribute to forest regeneration in densely settled landscapes. In appraising this potential, it is vital to consider the size and location of exotic tree planting initiatives. For example, large exotic tree plantations may take pressure off of native forests for timber and bioenergy [52,53] but do not enhance native tree regeneration without purposeful interventions [54]. By contrast, our research focuses on regeneration opportunities in small woodlots planted along protected forest edges, a common scenario in the Rift [35,47,55]. We determined that smallholders are eager to plant and care for woodlots at the forest edge, provided they have enough land elsewhere to meet their food needs or they pursue other wage-based livelihoods. This accords with other studies showing better-off smallholders are more likely to plant trees [38], especially near protected areas where wildlife damage crops [35].



We found that woodlots planted adjacent to native forest support numerous native seedlings [40]. Such woodlots can provide important income for rural smallholders [35,56]. However, these native seedlings may suffer damage when the woodlot stands are harvested [23,36]. Incentives will likely be necessary to encourage smallholders to minimize impacts on native seedlings during woodlot harvesting [19]. Moreover, landowners might be reluctant to shift eventually from managing exotic woodlots to protecting native forests. In the long run, additional, more substantial interventions would likely be necessary to persuade farmers to shift from planting woodlots to managing forests.





5. Conclusions


The East African Rift landscape is changing rapidly, presenting new challenges and opportunities for native forest regeneration outside isolated protected forests. Smallholders and other land managers are planting fast-growing, non-native species to replace the dwindling supply of natural forest outside protected areas. Those promoting forest regeneration and connectivity in the Rift need to be aware of this surge in woodlots and plan accordingly. Along with evaluating vegetation baselines and current regeneration patterns, we also urge forest regeneration advocates to investigate and consider opportunities for aiding native forest recovery by working with smallholders. Ultimately, practitioners will likely have to try different combinations of Protect and Wait, Native Tree Planting, or Woodlots depending on the social-ecological context of the targeted regeneration site.
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Table A1. Detailed examples on strategies to regenerate East African Rift forests. § indicates proposed project, but not yet implemented. Some Tanzanian sites were summarized in [57].
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	Regeneration Stratergy
	Location
	Corridor Area (Length)
	Actions
	Land Use
	Cost Financial; Social
	Reported Success
	Reported Challenges
	Citations





	Protect and Wait
	§ Mwanihana Corridor: Udzungwa Mountains-Magombera Forest, Tanzania
	600 Ha
	Fenced corridor
	sugarcane cultivation (Ilovo plantation + out-grower); smallholder farms
	
	
	
	[58]



	
	Gombe-Masito-Ugalla, Tanzania
	13,000 Ha
	land use planning, seedling development, tree planting
	Village land to protected
	USAID 1-funded
	Coordinated land use planning across 49 villages
	
	[29]



	
	§ Mngeta Corridor: (Udzungwa Scarp – Northern Udzungwa forests), Tanzania
	6300 Ha
	Improve protection; prevent future settlement
	Smallholder land + Public Land
	~90 households
	
	
	[59]



	
	Usambara East (Derema), Tanzania
	790 Ha
	Land use assessment; Resettlement of farms, prevent future cultivation
	Smallholder land to protected
	$2.5 million; 1128 farmers affected; relocated 1547 farm parcels (not homes)
	
	
	[57,60]



	
	Mount Kenya-Laikipia, Kenya
	(14 km)
	Fenced underpass from highland to lowland
	
	~ $1 million (without annual maintenance);
	
	
	[61]



	Protect and Wait + Native Tree Planting
	Gishwati-Nyungwe, Rwanda
	262 Ha
	Resettlement, protection, restoration (with native + non-native species)
	Smallholder land to protected
	150 households resettled
	
	
	[26,62]



	
	Kibale Forest, Uganda
	10,000 Ha (16 km)
	Large-scale restoration of high-canopy forest in grassland. Tree planting and fire suppression.
	Smallholder and to protected
	30,000 smallholders evicted 17 years prior
	3600 trees planted, 5000 saplings regenerated
	Fire problems. Security issues. Crop loss complaints from local communities.
	[24,28]



	
	Gishwati-Nyungwe, Rwanda
	262 Ha
	Resettlement, Protection, Restoration (with native + non-native species)
	Smallholder land to protected
	150 households resettled
	
	
	[26,62]



	Native Tree Planting
	Nyungwe National Park, Rwanda
	9 Ha
	Manual clearing of fern; fire suppression
	Inside protected area
	USAID-funded;
	repeated fern removal for 3 years; regeneration
	
	[50]



	
	§ West Mau Forest Reserve Conservation Corridor, Kenya
	(1.8 km)
	Exotic tree plantations removal
	smallholder farms + exotic tree plantations
	
	NA
	
	[63]



	
	Wambabya and Bugoma Central Fore