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Abstract Many tropical forests worldwide are protected due to their sacredness to reli-

gious communities. In the south Gondar region of Ethiopia, most of the remaining native

forests are tiny fragments (5.42 ha ± 0.34) surrounded by pasture and agriculture that are

protected because they encompass churches of the Ethiopian Orthodox Tewahido Church

(EOTC). A small number of communities have erected stone walls around the perimeter of

the forests to demarcate the boundary, and/or protect the interior of the forest. We eval-

uated the effectiveness of these walls at protecting ecological conditions by examining tree

and seedling communities among sacred forests with and without walls in Montane and

Upper Montane sites. We found the wall to be an effective conservation tool as regener-

ation potential was higher in forests with a wall. The density and species richness of

seedlings were significantly higher in forests with a wall and these effects were more

pronounced in Upper Montane forests. Forests with a wall also had seedlings of many

native tree species that were not found in forests without walls. As expected, there were

few differences in tree communities in forests with and without a wall. Although rare on
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the landscape, the presence of a stone wall around these forests was effective at protecting

the seedling community because it likely reduced access to the forests by grazers and

directed human visitors to trails. The use of a stone wall may protect seedling communities

in other sacred forest fragments, particularly for those that are small, isolated, surrounded

by agriculture, and have a depleted seed bank.

Keywords Afromontane forest � Church forest � Deforestation � Forest fragmentation �
Regeneration potential � Seedlings

Introduction

All over the world, species, sites or entire forests are protected because of their sacredness

to religious communities (Dudley et al. 2009). These protected areas can outnumber legally

conserved areas in some tropical countries and in some cases are more effective at pro-

tecting natural resources than legally conserved areas (UNESCO 2003; Chatterjee et al.

2004; Dudley et al. 2009). These sacred conservation sites are important for conserving

cultural diversity (Bhagwat and Rutte 2006) and offer opportunities for the conservation of

tropical biodiversity in areas threatened by deforestation and fragmentation (Cardelús et al.

2012). The conservation value of sacred sites and forests has often been assessed by indices

of biodiversity, such as the number of total or endemic species (Mwikomeke et al. 2000;

Mgumia and Oba 2003; Bossart et al. 2006). While measuring species richness and the

number of endemic species in sacred forests is valuable, such metrics only provide a

snapshot of the forest in its current state and do not directly address how changes might be

occurring through time. To examine the potential for long-term persistence of these sacred

forests on the landscape we need to examine their potential for forest regeneration.

Changes in socioeconomic status and land use in developing regions can lead to

increased degradation and deforestation (Mascia et al. 2014). As a result, sacred forests in

developing regions are often small, fragmented and situated in agricultural landscapes

(Gadgil and Vartak 1975; Bhagwat and Rutte 2006). In a study examining the impact of

land-use change on sacred forests (known as church forests in Ethiopia) in the Gamo

Highlands of southern Ethiopia, there was a 36.6% decrease in forest area and 109.4%

increase in agricultural lands and human settlements between 1995 and 2010 (Daye and

Healey 2015). The sacred forests in the Gamo Highlands exhibited less reduction in forest

area (5.7 %) than non-sacred forest (43.2 %) over the same period indicating the effec-

tiveness of religious management of forests (Daye and Healey 2015). However, with less

forest cover overall, the continued persistence of these forests on the landscape could be

threatened from increasing fragmentation.

Forest fragments are often more degraded than intact forest because of the high degree

of edges that create an artificial and hard boundary and cause ecological changes (Laurance

et al. 2011). Microclimates are altered more at the edges than in the interior of the forest

including having higher wind, higher temperature, and lower relative humidity (Laurance

et al. 1998b), which result in elevated rates of mortality for trees and seedlings (Laurance

et al. 1998a; Bruna 2002; Zambrano et al. 2014), particularly of specialist or disturbance-

sensitive native species (Laurance et al. 1998a; Lobo et al. 2011). The high perimeter-to-

area ratios of forest fragments also enable greater access to forests by people seeking

resources and grazing cattle from adjoining agricultural fields, which can negatively impact
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the seedling community (Wassie et al. 2009b). Furthermore, forest fragments that are

isolated often lack seed sources (Jorge and Garcia 1997; Benitez-Malvido 1998), which

can compromise the long-term persistence of forests, particularly for small fragments.

Thus, regeneration potential, the recruitment of seedlings, of sacred forests may be

threatened due to the high degree of fragmentation, the small size of the forests, the

isolation from seed sources, human disturbance, and edge effects (Jorge and Garcia 1997;

Teketay 1997; Benitez-Malvido 1998; Cardelús et al. 2013).

In the South Gondar region of northern Ethiopia, the majority of the native forest exists

as tiny fragments that surround churches and monasteries of the Ethiopian Orthodox

Tewahido Church (EOTC). Sacred forests are an integral component of the church as they

provide sites for religious ceremonies, social gatherings, and burial grounds (Klepeis et al.

in press). The sacred forests are small with an average area of 5.42 ha (±0.34 SE) and are

isolated as they are surrounded by a matrix of agriculture and pasture, and are separated

from one another by approximately 2 km (Bongers et al. 2006; Cardelús et al. 2013).

Although individual sacred forests in northern Ethiopia average only 9.8 woody plant

species (Aerts et al. 2006), these forests cumulatively have the highest tree diversity in the

region, 91 (Wassie and Teketay 2006), and are refugia for many of northern Ethiopia’s

endangered endemic plant and invertebrate taxa (Aerts et al. 2006; Bongers et al. 2006).

These forests are, therefore, regional biodiversity hotspots (Bongers et al. 2006). Like other

sacred forests, Ethiopian sacred forests have exhibited remarkable resilience in the face of

disturbance as only 0.4 % of 1022 forests measured in the South Gondar region have

disappeared over the last half-century (Cardelús et al. in review).

Despite the persistence of sacred forests on the landscape, the high degree of isolation and

external pressures, such as those from grazing animals and humans, may be negatively

affecting forest regeneration potential. In a study assessing the seed banks of seven sacred

forests in northern Ethiopia, seeds of only five (6 %) of the 91 woody species recorded in the

forests were found in the soil bank indicating that regeneration of these forests from seeds

would be threatened by the removal or loss of large, native tree species, a consequence of

forest fragmentation as discussed above (Laurance et al. 2000; Wassie and Teketay 2006).

However, while seedling establishment of four species of native trees including Juniperus

procera (Cupressaceae), Ekebergia capensis (Meliaceae), Prunus africana (Rosaceae), and

Olea europaea ssp. cuspidata (Olinieaceae) in these forests was found to be extremely low in

open fields after seed sowing, seedling establishment was relatively high in local canopy

openings in the forest and along forest edges, indicating some native trees have the potential

to regenerate if their seedling communities are protected (Wassie et al. 2009a). Grazing herds

of cows, sheep, and goats gain access to the forest through unprotected forest edges and

browse, step on and graze the seedling community (Teketay 1997; Wassie et al. 2009b).

Wassie et al. (2009a) demonstrated that livestock exclusion increased seedling survivorship

and seedling growth for four native tree species (Wassie et al. 2009b). They also found that

people living close to the forests entered the forest interior in search of fuel wood, which can

damage and disturb the seedling community.

In response to disputes over land tenure and ownership, as well as forest extent, a small

number of churches have erected a stone wall around their forests for multiple reasons: low

walls are used to designate the church land boundary and are fairly common whereas larger

walls capable of preventing cattle from grazing on or near burial grounds are rare. These

larger walls are valued not only because of the protection they provide but because they

add prestige to the churches (Klepeis et al. in press). We evaluated the effectiveness of

these larger walls in preserving the regeneration potential of sacred forests by examining

the tree and seedling communities in sacred forests in Ethiopia with and without a wall.
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Given that the walls are a recent addition to the landscape (approximately 1–10 years) and

native tropical trees can live up to hundreds of years, we predicted that there would be

large differences in the seedling community (species richness, abundance, and composi-

tion) but little to no differences in the tree community in forests with and without a wall.

We also examined the extent of human disturbance, which we defined as the presence of

buildings, paths or trails, graves, or gathering areas where trees have been removed, in

forests with and without a wall to determine if the presence of a wall reduces human

disturbance.

Methods

Study area

Our study was conducted in the South Gondar Administration Zone of the Amhara

National Regional State in Northern Ethiopia (14,607 km2, 11oN 4103400, 37oE 4801100).
The forest type is afromontane with a mean annual rainfall of 1216 mm and an average

daily temperature of 19 �C (Wassie et al. 2009a). The wet season is from June to August

and the dry season is from September to May, however March, April and May can also

have some precipitation (Wassie et al. 2009a).

We established three 10 9 10 m long-term plots in 13 sacred forests in South Gondar. In

previous research we found that forests closer to markets (i.e.,\50 km from a city) had a

higher degree of disturbance than forests far from markets (Cardelús et al. in review). To

evaluate the effectiveness of stone walls on the richness and abundance of the tree and

seedling communities as well as on the reduction of human disturbance, we confined our

study to forests close tomarket. Froma survey of over 100 sacred forests,we chose forests that

represented the regional average in size and had a similar surrounding matrix (e.g., no forest

bordered a lake). We gained permission to conduct research in the forests from both the

church leaders and local authorities. Our study forests had an average area of 7.1 ha (±1.10

SE),which is larger than the regional average of 5.2 ha (±0.44 SE) (Cardelús et al. 2013). The

forests close to markets were found along two elevation bands and were classified as either

Montane (1700–2100 m asl) or Upper Montane (2400–2800 m asl). We had seven montane

forests sites, three of which had a wall and four without, and six upper montane forest sites,

three of which had a wall and three that did not. Montane forests are dominated byMillettia

ferruginea (Fabaceae), Mimusops kummel (Sapotaceae), and Teclea nobilis (Rutaceae) and

Upper Montane forests are dominated by Carissa edulis (Apocynaceae), Euphorbia abys-

sinica (Euphorbiaceae) and J. procera (Cupressaceae) (Wassie et al. 2009a).

Survey

To measure the tree communities within each forest, we identified, tagged and measured

every tree[10 cm diameter at breast height (dbh) within each of the three forest plots. To

measure the density (number of individuals) and species richness (number of species) of

seedlings, within each plot we established three 1 m 9 1 m seedling plots that fell along

the diameter line of the plot from the NE corner to the SW corner, in which we identified

and counted seedlings of woody species \10 cm height. We chose seedlings \10 cm

height to ensure that the seedlings we counted were less than the age of the wall, which

varied among our sites, but all of which are at least 2 years old. We estimated that any
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seedling\10 cm would be\2 years old based on previous research on the yearly growth

rate of four tree species including J. procera (Cupressaceae), E. capensis (Meliaceae), P.

africana (Rosaceae), and O. europaea ssp. cuspidata (Olinieaceae) to be 0.6–1.2 cm/

year (Wassie et al. 2009a).

To measure the percent of human disturbance, we conducted three modified Gentry

transects at three cardinal directions 0�, 120� and 240� from the church center towards the

edge of the forest (Gentry 1988). Each transect was 2 m wide and the length varied with

forest size (45–438 m). Along each transect we identified all native woody species[1 cm

dbh and recorded human disturbances, which included trails, buildings, grave sites, or other

human effects (e.g., wood piles). We calculated the percent of each transect that was

designated as human disturbance (% disturbance) (Cardelús et al. in review). We also

calculated the % human disturbance in each forest for the minimum transect length we

measured (45 m) in order to standardize the size of the transect in each forest.

Statistical analysis

We used analysis of variance (ANOVA) to examine the influence of the presence of a wall

and elevation on seedling density, seedling species richness, tree density, tree species

richness, and % human disturbance (2-way ANOVA). To meet the assumptions of

ANOVA, density and richness values were log(x ? 1) transformed and % human distur-

bance was arcsine square-root transformed prior to analysis. We used 2-sample t tests to

examine the effects of a wall within each elevation on seedling and tree density, seedling

and tree species richness, and % human disturbance. We also calculated the non-para-

metric richness estimator Chao2 that is based on the presence/absence of species to esti-

mate species richness for both trees and seedlings by plot with 100 randomizations using

the EstimateS program (Chazdon et al. 1998; Colwell 2013). We used ANOVA to examine

differences in Chao2 seedling and tree richness among forests with and without a wall at

each elevation. Elevation was treated as a categorical explanatory variable with two

classes: Montane and Upper Montane.

We used non-metric multidimensional scaling (NMDS) to examine differences in

species composition of trees and seedlings between all forests within each elevational zone

with a wall and without a wall. We used Monte-Carlo permutation tests to examine the

stress of the NMDS. For each NMDS, we only included forests for which there was more

than one individual and we only included species that were found in at least 2 forests

resulting in 11 forests and 38 species included in the analysis. We used R v. 3.0.2 for all of

our statistical analyses and the metaMDS function in the vegan package for our NMDS (R

Development Core Team 2009; Oksanen et al. 2010).

Results

A total of 64 woody plant species from 57 genera and 36 families were recorded within all

13 forests. In total, 586 individual seedlings from 37 different species and 296 individual

trees from 54 different species were measured (Online Resource 1). Average (±SE)

seedling density in forests without a wall was 1.7 ± 0.7 and in forests with a wall was

9.0 ± 2.4. Average tree density in forests without a wall was 5.3 ± 1.2 and in forests with

a wall was 10.2 ± 1.6. We counted a total of 383 seedlings from 27 seedling species and
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113 individual trees from 31 tree species in Montane forests (Online Resource 1). Upper

Montane forests had 203 seedlings from 20 species and 183 trees from 32 tree species.

Seedlings

Overall, seedling density in our study forests was significantly higher in all forests with a

wall than without a wall (2-way ANOVA: F1,12 = 16.8, P = 0.003) regardless of eleva-

tion, which had no significant effect (2-way ANOVA: F1,12 = 1.0, P = 0.4; Fig. 1a).

However, this effect was driven by Upper Montane forests in which seedling density was

significantly higher in forests with a wall than without a wall (t test: t = -5.3, df = 4,

P = 0.006) as seedling density was not significantly influenced by a wall in Montane

forests (t test: t = -2.3, df = 5, P = 0.07; Fig. 1a).

Seedling species richness was significantly higher in all sites with a wall than without a

wall (2-way ANOVA: F1,12 = 31.8, P\ 0.001), and the effect of the wall on seedling

species richness did not vary with elevation (2-way ANOVA: F1,12 = 2.1, P = 0.2;

Fig. 1b). Seedling species richness was significantly higher in forests with a wall than

without a wall in both Montane (t test: t = -3.5, df = 5, P = 0.02) and Upper Montane

forests (t test: t = -5.4, df = 5, P = 0.006; Fig. 1b). Chao2 seedling richness followed a

similar trend as it was significantly higher in all sites with a wall than without a wall (2-

way ANOVA: F1,12 = 20.2, P = 0.0015), and did not vary with elevation (2-way

ANOVA: F1,12 = 0.1, P = 0.7).

Additionally, forests with walls had different seedling species composition. In the

Montane region, forests with a wall had more tree species that had seedlings in the same
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Fig. 1 Average (±SE) seedling
density (a) and seedling species
richness (b) in three 1 m2

subplots in each of three 10 m2

plots (9 subplots in total) in
sacred forests with a large stone
wall built around the forest or not
in Montane forest (1700 to
2175 m asl) and Upper Montane
forest (2410 to 2800 m asl) in the
South Gondar region of Ethiopia.
There were seven forests in the
Montane region, three of which
had a wall and six forests in the
Upper montane region, three of
which had a wall. The asterisk
symbol denotes significant
differences with and without a
wall within an elevation
according to 2-sample t tests
(P\ 0.05). There was no
significant elevation effect
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site (32 %) than forests without a wall (16 %). The tree species that were regenerating in

sites with a wall but were not found in sites without a wall included Rhus vulgaris

(Anacardiaceae), Combretum molle (Combretaceae), and Canthium oligocarpum (Rubi-

aceae) (Online Resource 1). For some species in Montane forests, the wall had no effect as

they were found in forests with and without a wall including Albizia schimperiana

(Fabaceae), M. ferruginea, M. kummel, and T. nobilis (Online Resource 1).

In the Upper Montane forests, the number of trees that had seedlings in the same site

was higher in forests with a wall (35 %) than in forests without a wall (12 %). Species that

were regenerating only in sites with a wall included Agave (Asparagaceae), O. europaea

ssp. cuspidata (Olinieaceae), P. africana (Rosaceae) and T. nobilis (Online Resource 1).

Species that were found as seedlings in sites with and without a wall included Clausena

anisata (Rutaceae) and Dovyalis abyssinica (Flacourticaceae) (Online Resource 1).

Seedling species composition differed among sites with and without a wall at both

elevations, which was driven by the differences in tree species that were regenerating only

in forests with a wall (Fig. 3).

Trees

Tree density was significantly impacted by the presence of a wall (2-way ANOVA:

F1,12 = 13.9, P = 0.005, Fig. 2a) but this did not vary with elevation (2-way ANOVA:

F1,12 = 0.1, P = 0.8). The influence of a wall on tree density was driven by the Montane
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Fig. 2 Average (±SE) tree
density (a) and tree species
richness (b) in three 10 m2 plots
in sacred forests with a
large stone wall built around the
forest or not in Montane forest
(1700 to 2175 m asl) and Upper
Montane forest (2410 to 2800 m
asl) in the South Gondar region
of Ethiopia. There were seven
forests in the Montane region,
three of which had a wall and six
forests in the Upper montane
region, three of which had a wall.
The asterisk symbol denotes
significant differences with and
without a wall within an
elevation according to 2-sample
t tests (P\ 0.05). Tree density
was significantly higher in the
Upper Montane sites than in the
Montane sites (P = 0.007)
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forests where tree density was significantly higher with a wall (t test: t = -2.7, df = 5,

P = 0.04). Tree density was not different between forests with and without a wall in Upper

Montane forests (t test: t = -2.1, df = 4, P = 0.1). Tree density was significantly

impacted by elevation as it was significantly higher in the Upper Montane forests than in

the Montane forests (2-way ANOVA: F1,12 = 12.4, P = 0.007, Fig. 2a).

Tree species richness was not significantly influenced by the presence of a wall (2-way

ANOVA: F1,12 = 5.0, P = 0.05), elevation (2-way ANOVA: F1,12 = 0.9, P = 0.4) nor

the interaction between wall and elevation (2-way ANOVA: F1,12 = 0.3, P = 0.6,

Fig. 2b). Chao2 tree richness was also not significantly influenced by the presence of a wall

(2-way ANOVA: F1,12 = 3.5, P = 0.1), elevation (2-way ANOVA: F1,12 = 0.2, P = 0.6)

or their interaction (2-way ANOVA: F1,12 = 0.2, P = 0.7).

As predicted, tree species composition did not differ among sites with and without a

wall in any elevation (Fig. 3). Thus, any differences in seedling species composition were

likely driven by the presence of a wall. However, several tree species were found in forests

for which no seedlings were found in any of our 13 forests regardless of whether or not a

wall was present including Celtis africana (Ulmnaceae), Croton macrostachyus

(Euphorbiaceae), and J. procera in the Montane region and J. procera and Stephania

abyssinica (Menispermaceae) in the Upper Montane region (Online Resource 1).
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Fig. 3 Non-metric multidimensional scaling ordination of seedling (circles) and tree (squares) species
composition for the seven Montane sites (black symbols; range of 1700 to 2175 m asl), and for the six Upper
Montane sites (grey symbols; range of 2410 to 2800 m asl) with a large stone wall built around the forest
(solid lines) or not (dashed lines) in the South Gondar region of Ethiopia. Ellipses show the standard
deviation of point scores around each category (trees and seedlings with and without wall). Three forests at
each elevation had a wall. One Montane site and one Upper Montane site had no seedlings and were,
therefore, removed from the analysis
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Disturbance

The presence of a wall significantly influenced the mean percent human disturbance and

this depended on elevation (2-way ANOVA: F1,12 = 23.6, P\ 0.001). In the Montane

sites, human disturbance was significantly higher in the forests with a wall than without a

wall (t test: t = -4.0, df = 5, P = 0.01) while the opposite was found in the Upper

Montane sites where disturbance was significantly lower with a wall (t test: t = 3.0,

df = 4, P = 0.04, Fig. 4). When considering the same length of transect in each forest

(45 m), the relationship between forests with and without a wall in each elevation did not

differ from our analyses using the entire transect, which indicates that the differences we

detected in human disturbances were due to the presence of a wall and not the differences

in area sampled; however total human disturbance increased on average by 26 % when

considering only the first 45 m of each transect indicating a greater human presence in the

forest closest to the church.

Discussion

We found that small sacred forest fragments in northern Ethiopia with a large stone wall

had higher regeneration potential than forests without a wall. Sacred forests with a wall

surrounding them had significantly higher seedling species richness than forests without a

wall at both elevations and seedling density was significantly higher with a wall in the

Upper Montane forests. These data indicate that the presence of a wall reduces distur-

bances to the seedling community through reducing edge effects, reducing grazing by

livestock (Online Resource 2, Wassie et al. 2009b) and/or reducing human access to the
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Fig. 4 Mean (±SE) percent human disturbance in sacred forests with a large stone wall built around the
forest or not in Montane forest (1700 to 2175 m asl) and Upper Montane forest (2410 to 2800 m asl) in the
South Gondar region of Ethiopia. There were seven forests in the Montane region, three of which had a wall
and six forests in the Upper montane region, three of which had a wall. The asterisk symbol denotes
significant differences with and without a wall within an elevation according to 2-sample t tests (P\ 0.05).
Percent human disturbance was significantly higher in the Montane sites than in the Upper Montane sites
(P = 0.03)
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forest interior, and that these effects vary with elevation. The effect of the wall on seedling

communities in the Upper Montane forests, for example, was possibly driven by the

reduced human disturbance in forests with a wall. In the Montane forests, counter-intu-

itively, there was significantly higher human disturbance in forests that had a wall, which

indicates a larger human presence in those forests (Fig. 4). Despite a larger human pres-

ence, seedling species richness and tree density in Montane forests were higher with a wall

than without. Given that we chose our plots in forested areas away from trails, the higher

seedling richness and tree density in the Montane forests with a larger human presence

indicates that these forests are regenerating and the wall is directing human visitors to trails

rather than the forest interior. Because human disturbance was found to be higher closer to

the church, directing human visitors away from the forest interior is particularly important

for the smallest forests (\4 ha). Erecting a wall around the forest could maintain the

regeneration potential of sacred forests, which is vital for the long-term persistence of these

forests and the preservation of the endangered and endemic taxa (Bongers et al. 2006)

along with the preservation of essential ecosystem services to the surrounding community,

such as fresh water, shade and pollinators (Cardelús et al. 2012).

The floristic composition of the seedling community differed in sites with and without a

wall at both elevations, and the presence of a wall enabled the regeneration of some species

that are known to have low regeneration status. For example, O. europaea ssp. cuspidata

is known to have poor regeneration in the South Gondar Zone (Wassie et al. 2009a; Zegeye

et al. 2011). Seedlings of O. europaea ssp. cuspidata were not found in forests without a

wall, confirming its low regeneration status, but they were found in forests with a wall

indicating the importance of the wall for the continued presence of this species in these

forests. Other species were not influenced by the wall and showed regeneration in all

forests including P. africana, which was also found to have low regeneration status

(Wassie et al. 2009a), M. ferruginea, which is endemic to Ethiopia, M. kummel and T.

nobilis. Other species were not regenerating in any of the forests with or without a wall

including J. procera, a shade-tolerant, endemic, old-growth species that has low regen-

eration status even with livestock exclusion (Wassie et al. 2009b), and R. albersii that has

poor regeneration in the Lake Tana region (Alelign et al. 2007). Thus, forests with a wall

were less degraded than forests without a wall as they had a more abundant and diverse

seedling community, particularly for species with low regeneration status. However, these

forests may require more active restoration efforts, such as planting, for species that were

not regenerating in forests with a wall.

Releasing tropical forests from grazing pressures can help promote the recovery of

native vegetation. In sacred forests of the South Gondar region of Ethiopia, seed germi-

nation, seedling survival and seedling growth were higher in forests that excluded livestock

by building fenced enclosures than forests that allowed access to livestock (Wassie et al.

2009b). In Hawaiian tropical dry forest, forests with grazers excluded for 40 years had

greater native plant diversity and regeneration than forests without grazer exclusion (Cabin

et al. 2000). This could explain the greater density and species richness of seedlings in

sacred forests with a wall that excluded grazers than without a wall. Furthermore, livestock

and grazers could be changing forest composition by selectively grazing particular species,

which may explain the differences in seedling species composition between sites with and

without a wall. Foraging selectivity by grazers often drives changes in the dominance of

particular species because species with high leaf nutrient concentrations and low chemical

defenses are preferentially selected (Allen et al. 1984; Augustine and McNaughton 1998;

Mason et al. 2010). Seedlings of native tree species R. vulgaris, C. mollie, and C. oligo-

carpum, for example, were abundant in sites with a wall and rare in sites without a wall
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whereas seedlings of other native tree species, including T. nobilis, M. ferruginea, M.

kummel, and D. abyssinica were found in forests with and without a wall. If grazers are

selectively grazing on particular seedlings, such as R. vulgaris or C. mollie, their continued

presence in forests without a wall may be compromised. Grazers can also have strong

impacts on vegetation structure at the tree stage (Spear and Chown 2009), which could

influence the future of these forests because stand regeneration depends on an abundant

and viable seed supply (Kozlowski 2002). Given the limited seed bank of native tree

species in sacred forests (Wassie and Teketay 2006) and the difficulty of seed dispersion

between isolated fragments (Jorge and Garcia 1997), the continued presence of large seed-

producing native trees and their seedlings in these forests is imperative for the continued

persistence of these forests on the landscape.

We found that the regenerative capacity of sacred forest fragments was higher in forests

with a wall than without a wall, and the use of large stone walls in Ethiopia as well as in

other tropical regions may enhance the ability of sacred forest fragments to regenerate.

However, walls were not traditionally used to protect sacred forests and most churches in

the South Gondar region do not have walls at all. Some churches have low and incomplete

walls that are older and were used to demarcate the church boundary (Klepeis et al. in

press), which could be improved to protect the regeneration of these forests. Those

communities that have built the new walls examined in our study did so for different

reasons, including status, a desire to protect grave sites from livestock, and to delineate

definitively land controlled by the church (Klepeis et al. in press). Thus, we recognize that

any effort to use walls as a conservation strategy should be part of community-based

initiatives. We also acknowledge that building a wall around a forest fragment may impede

forest expansion. Thus, the use of a barrier to protect forest regeneration should be con-

sidered as a short-term strategy in places where forests are at high risk of degradation, such

as those whose seedling communities are at risk from grazing and trampling, and for those

that are small, isolated, and have a depleted seed bank. Walls would be particularly useful

for small forest fragments surrounded by a matrix of agriculture with low quality residual

vegetation (Chazdon 2003, 2008), given the importance of the landscape matrix in the

recovery of degraded forests (Chazdon 2003).

In order to examine the effectiveness of sacred sites for biodiversity conservation for the

long term, we need to move beyond measures of species richness and the number of

endemic species. While other management practices may be effective at preserving the

sacred forests and their endemic species that currently exist on the landscape, such as

establishing national policies for sacred forest management (Juhé-Beaulaton 2008) or

incorporating sacred forests into already established protected forest networks (Bhagwat

and Rutte 2006), few strategies mention conserving the seedling communities. The pro-

tection of the seedling community in sacred sites needs to be considered in evaluating their

effectiveness at conserving biodiversity. Preserving the seedling community will ensure

the capacity of the forests to regenerate and maintain biodiversity as well as sustain the

livelihoods of the surrounding communities in isolated remnant tropical forest patches in

light of ever increasing anthropogenic pressures on tropical forests worldwide.
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