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Forest management in many developing nations aims to balance the needs of resource users and the ecological
integrity of indigenous forests, in terms of both biodiversity conservation and ecosystem services, particularly
carbon sequestration. While South Africa has legislated management policies to achieve this, implementation
has been lacking, resulting in concern that unregulated resource use is compromising forest biodiversity.
However, there is little information regarding resource use since these regulations were promulgated a decade
ago. This study reports on the current nature and extent of forest product harvesting in the Eastern Cape, South
Africa, which contains just under half of the country's indigenous forests. Extraction rates and target species of
key products, namely poles, timber and bark, were assessed across six forests, representing ﬁve forest types.
Harvest intensities indicated low to moderate levels of use, but there was considerable variation in levels of
resource use at the forest-scale, illustrating the importance of site-speciﬁc assessments. Furthermore, resource
use was species-speciﬁc, indicating that sustainability is dependent on the ecology of preferred species. Of
concern was widespread commercial-scale bark harvesting; and relatively high timber extraction from a
Pondoland scarp forest, a threatened forest type. We urge implementation of existing regulations, which distinguish between subsistence and commercial use; and commensurate capacitation of the new Department of
Environment, Forestry and Fisheries. In the case of timber and bark, we recommend licencing of the de facto
commercial harvesting taking place in order to promote regulation.

1. Introduction
Forest resources can make a critical contribution to rural livelihoods, assisting economically impoverished households meet daily
basic needs of energy, shelter, food, medicine and cash incomes
(Shackleton and Shackleton, 2004). Consequently, harvesting of forest
products by local communities represents a widespread pressure on
forests in developing nations (Luoga et al., 2002; Kumar and
Shahabuddin, 2005; Lawes et al., 2007b; Furukawa et al., 2011a). Increasingly, forest management policies aim to balance the needs of
resources users with the conservation of forest biodiversity, but regulation of forest resource use in many developing nations is largely
inadequate, as de facto open-access systems of management prevail
(Robertson and Lawes, 2005). There is thus increasing concern that
informal resource use, i.e. harvest activities that are considered illegal
or not formally approved by authorities, for subsistence and commercial purposes may compromise the conservation of forest biodiversity
(Castley and Kerley, 1996; Gardner et al., 2016). While resource use
may not necessarily result in forest habitat loss, long-term harvesting of
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forest products has driven changes in forest structure and tree species
composition in some African forests, even when occurring at relatively
low levels (Obiri et al., 2002; Ndangalasi et al., 2007; Furukawa et al.,
2011b; Sassen and Sheil, 2013), thereby aﬀecting habitat quality.
Furthermore, forest faunal populations of amphibians, birds, bats and
reptiles have been shown to be vulnerable to harvest-mediated habitat
modiﬁcation, particularly where species are specialized in their foraging or micro-habitat requirements (Sekercioğlu, 2002; Arcilla et al.,
2015; Gardner et al., 2016; Asefa et al., 2017; Leaver et al., 2019a,
2019b).
However, the severity of the ecological impacts of resource use
depends on the plant part harvested and intensity of use (Ticktin,
2004). Furthermore, resource use is often highly species- and tree sizespeciﬁc, resulting in diﬀerent resource use preferences depending on
the type of use (Furukawa et al., 2011a), with preferred species and
size-classes being more heavily impacted. The extent to which a resource has been commercialised is of particular importance, as resources used to generate or supplement income are often harvested
more intensely, and frequently unsustainability, relative to those used
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National Forest Act (NFA) of 1998 providing the legislative framework
for their management. Speciﬁcally, in recognition of their high biodiversity and socio-economic value, the NFA aims to develop and manage
indigenous forests for sustainable use so as to conserve forest biodiversity, ecosystems and habitats, while promoting fair distribution of
their socio-economic beneﬁts. Consequently, the use of indigenous trees
from state-managed indigenous forests is prohibited unless a licence, or
exemption has been issued. In 2008 and 2009, respectively, regulations
pertaining to forest product harvesting for subsistence; and commercial
purposes outlined in the NFA, were promulgated. Speciﬁcally, for
subsistence harvesting, forest oﬃcers (in charge of each forest block)
are empowered to make exemptions for members of local communities
(deﬁned as living within 10 km of a forest) to harvest dead wood for
fuelwood; and medicinal plants and bark (the latter only under the
supervision of the forester) for household consumption only, i.e. re-sale
is prohibited. For any commercial harvesting, by contrast, a licence is
required to be issued by the regional forest oﬃce, at the discretion of
the regional director.
Unlike many other parts of Africa, forest cover in the Eastern Cape
has increased by 18% since 1990 (Cooper et al., 2017). This is attributed to the revegetation of previously cultivated ﬁelds in response to
increasing trends of de-agrarianisation in rural areas (Chalmers and
Fabricius, 2007; Blair et al., 2018; Shackleton et al., 2019), together
with carbon fertilization (Bond and Midgley, 2000; Higgins and
Scheiter, 2012). However, this secondary forest often includes pioneer
shrub and alien invasive species (Shackleton et al., 2013; Jevon and
Shackleton, 2015) and may thus not provide suitable habitat for forestadapted fauna or forest species preferably used by people (Chalmers
and Fabricius, 2007). Njwaxu and Shackleton (2019) show that while
plant species richness in abandoned ﬁelds is comparable to that of indigenous forest within ﬁve decades of abandonment, species composition diﬀers. Thus, despite increases in forest cover, several studies have
reported unsustainable harvesting from indigenous forests in the
Eastern Cape (Dold and Cocks, 2002; Obiri et al., 2002; Geldenhuys,
2004a, 2004b; Hoppe-Speer et al., 2015). This has been attributed to a
decline in the capacity of DEFF and its antecedents to control forest
resources after democracy in 1994 (Obiri and Lawes, 2002); and the
increasing importance of the commercialisation of forest products to
supplement household incomes in rural areas (Paumgarten and
Shackleton, 2009; Clarke, 2012; Stadler, 2012). The last study reports
harvesting of natural products as comprising 10% and 14% of household income in rural villages in the former homelands of the Ciskei and
Transkei, respectively. Other studies have reported declining subsistence use of forest products in rural Eastern Cape since the 1990s,
attributed to changing socio-economic conditions, namely: increasing
urbanization, leading to emigration of people out of rural areas
(Chalmers and Fabricius, 2007); modernization, e.g. increased electriﬁcation, leading to declining demand for fuelwood (Shackleton et al.,
2013), and shifting building styles from traditional dwellings to more
modern houses, resulting in declining reliance on forest-based building
materials (Cawe and Geldenhuys, 2007; Geldenhuys et al., 2013, 2016);
and access to cash incomes from government grants (Chalmers and
Fabricius, 2007; Shackleton et al., 2013), and locally created wage
work (Hajdu, 2005).
The indigenous forests of the Eastern Cape require urgent management for three reasons. First, harvesting is having negative eﬀects
on functional biodiversity, as measured in birds (Leaver et al., 2019b).
Second, these forests provide an important source of both subsistence
and income for people in the region which must be sustained, particularly in the context of the decline in formal agriculture as a livelihood
(Blair et al., 2018; de la Hey and Beinart, 2017; Shackleton et al., 2019).
Third, the reforestation associated with this decline in agricultural activity provides an important source of increased carbon sequestration
(Lewis et al., 2019), which will endure only in the context of proper
management. In the context of increasing forest cover and changing
socio-economic conditions, this study aimed to assess resource use

on a subsistence basis, particularly where eﬀective resource use management is lacking (Luoga et al., 2000; Dold and Cocks, 2002;
Geldenhuys, 2004a, 2004b; Shackleton et al., 2005). In South Africa,
informal commercial-scale bark harvesting, driven by increasing
market-demand for traditional medicines (Dold and Cocks, 2002), has
been identiﬁed as contributing towards population declines of speciﬁc
forest tree species under high national-scale demand, namely Ocotea
bullata, Rapanea melanophloeos, Cassipourea gummiﬂua, Cassipourea ﬂanaganii and Curtisia dentata (Dold and Cocks, 2002; Grace et al., 2002;
Williams et al., 2013; SANBI, 2017). In the case of C. dentata and O.
bullata, the combination of past timber extraction and current bark
harvesting pressure has seen these species decline in abundance across
much of their range (Scott-Shaw, 1999), and even become locally extinct in some forests (Lawes et al., 2007b), and are now listed as Near
Threatened and Endangered respectively, despite these species being
protected under the National Forest Act (1998). Similarly, recent demand for C. gummiﬂua and C. ﬂanaganii bark has resulted in their listing
as Vulnerable and Endangered respectively (SANBI, 2017). Despite high
levels of national exploitation, and resultant declining populations,
none of these high-demand species are CITES listed. Millions of South
Africans treat ailments with bark (Dold and Cocks, 2002; Cocks and
Møller, 2002; Geldenhuys, 2004a, 2004b; Cocks and Dold, 2006); and
trade in medicinal plants plays an important role in rural and urban
livelihoods, generating an estimated 134,000 income-earning opportunities each year (Mander et al., 2007), particularly for rural women
with limited economic opportunities (Mander, 1998; Dold and Cocks,
2002). Despite these important socio-economic implications, trade in
medicinal plants is largely conducted in the informal sector (Mander
et al., 2007), and is consequently considered a ‘hidden economy’ in
South Africa (Dold and Cocks, 2002). Declining populations of important medicinal species as a result of poor resource use management
is not only of ecological concern, but also has important social and
economic implications.
Indigenous forest in South Africa makes up < 1% of land cover,
occurring along a naturally highly fragmented belt along the eastern
escarpment, making it one of the most limited and vulnerable vegetation types in the country (von Maltitz et al., 2003). The majority (46%)
of forest cover is found in the Eastern Cape Province, falling within the
Maputaland-Pondoland-Albany biodiversity hotspot (von Maltitz et al.,
2003). Beyond this ecological distinction, the Eastern Cape is one of the
least developed provinces in the country, characterised by a weak infrastructure, poor economic development and high rates of unemployment and rural poverty (Statistics South Africa 2018; Table 2). This is
largely attributed to economic neglect during the Apartheid-era, when
much of the Eastern Cape comprised of the former ‘homelands’ of the
Ciskei and Transkei, followed by post-democracy political failure to
address this legacy (Bank and Minkley, 2005). Consequently, the
Eastern Cape is ranked last of the country's nine provinces on the
Human Development Index, with a score of 0.649 relative to the national score of 0.699. The unemployment rate is estimated to be 48%,
relative to the national rate of 38% (Statistics South Africa, 2018).
Furthermore, the province has the highest rate of poverty, as measured
by the Food Poverty Line – the value below which individuals are unable to purchase or consume enough food; the lowest number of
households living in formal dwellings (70%); and the second lowest
annual income per capita (South African Institute of Race Relations,
2019). Thus, although forests comprise a mere 2.2% of provincial land
cover (Dold and Cocks, 2002), they support disproportionally high levels of biodiversity (Berliner, 2009; Castley and Kerley, 1996) and
thousands of rural households which are dependent on their resources
for subsistence use and to derive cash incomes (Shackleton and
Shackleton, 2004; Shackleton et al., 2007; Paumgarten and Shackleton,
2011).
The majority (70%) of indigenous forest cover in the Eastern Cape is
managed by the state (Berliner, 2009) under the newly-formed (2019)
Department of Environment, Forestry and Fisheries (DEFF), with the
2
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Fig. 1. Location of the six study forests in the Eastern Cape Province, South Africa.

patterns across ﬁve forest types across the Eastern Cape, focusing on
extraction of live biomass in three key use categories: understory trees
for poles; canopy trees for timber and crafts; and bark for medicinal
purposes. We determine the nature of resource use for each use type in
terms of harvest intensity and target species; and assess how harvest
patterns vary across forest types. This study thus provides an updated
assessment of forest resource use from state forests across the Eastern
Cape region since the promulgation of harvesting regulations over a
decade ago. We discuss options for sustainable management in the light
of these ﬁndings.

classifying 25 distinct forest types in South Africa, seven of which occur
in the Eastern Cape (von Maltitz et al., 2003).
The study was conducted between April and July 2016 and included
ﬁve of the seven forest types in the Eastern Cape Province (Table 1).
Two forest types not sampled were Albany dune forest, most of which
falls within the jurisdiction of SANParks (the national parks board) and
is thus fenced; and the Eastern mistbelt forests, most of which falls
within the province of KwaZulu-Natal (Fig. 1). For each forest type, a
representative study forest was selected (Fig. 1, Table 1) based on its
size, protected status, and the proximity of surrounding human settlements. Speciﬁcally, all selected forests were > 150 ha, and unfenced;
managed by DEFF; and had rural settlements within 4 km of the forest
boundary. While most forest patches in the Eastern Cape are smaller
than 150 ha, and prone to negative eﬀects of fragmentation (Berliner,
2009), study forests were selected to represent larger, more ‘intact’
forest patches given their critical biodiversity value. Within the
Transkei mistbelt region, forests located within matrixes of timber
plantations leased by the state to private companies are often deemed to
be better protected than those which are not, so a forest in each category was sampled, i.e. Nqadu, associated with surrounding private
forestry activities; and Gomo managed entirely by DEFF (Fig. 1). Mistbelt forests sampled occur on south to south-eastern mountain slopes,
between 550 and 1550 m above sea level (m.a.s.l), and experience
colder winter temperatures, with occasional snow, while coastal and
scarp forests sampled occur between 20 and 400 m.a.s.l., and experience milder minimum temperatures.
Population densities associated with sampled forests were largely
comparable, except for Mqaba, where the population density was notably lower (Table 2). Across the study region, employment rates and
education levels are low, with the ward associated with Pirie forest

2. Material and methods
2.1. Study area
Indigenous forests in the study region of the Eastern Cape, South
Africa are naturally fragmented (von Maltitz et al., 2003; Fig. 1), a state
which has varied in intensity corresponding to diﬀerent glacial
maxima/minima during the Pliocene and Pleistocene epochs. Forest age
and persistence are consequently variable. Mistbelt and scarp forests
predate the last glacial maximum ~18,000 years ago, likely dating back
millions of years, whereas coastal forests emerged only 8000 years ago.
Climatic ﬂuctuations resulted in natural aﬀorestation/deforestation
events wherein certain forests perished while others were able to persist
as refugia for forest-dependent species. These refugia later acted as
source populations from which forest species would colonise newer
forests (Lawes et al., 2007a). Consequently, variation in palaeoclimatic
history, and current climate, altitude, latitude and topography across
the distribution of forest cover in South Africa has resulted in a diversity
of forest types, with a formalised biogeographic-ﬂoristic assessment
3
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125 ± 89
566 ± 340
219 ± 138

2.2. Study design

8–12
7–11
7–11

2207 ± 312
862 ± 467
862 ± 158

A total of 89 plots were sampled, with an average of 15 plots
sampled per forest. Sampling plots in each forest were selected to represent varying harvest intensities, based on discussion and guided
walks in each forest with DEFF staﬀ (forest managers and/or forest
guards), and local community members, in addition to visual assessment by JL of human use in each forest, conducted over two reconnaissance trips prior to sampling. Discussions and guided walks
identiﬁed areas prone to harvest activities, i.e. those close to roads,
major forest trails, or communities, and areas less prone to harvesting,
i.e. those further from roads, major trails and communities. However,
while accessibility is an important factor aﬀecting levels of resource use
(Furukawa et al., 2011a; Sassen and Sheil, 2013), it was found that
watertight classiﬁcation of “harvested” and “unharvested” areas was
diﬃcult given that the spatial distribution of harvesting within a forest
was also largely inﬂuenced by the type of resource use, as determined
by the distribution of target species. Consequently, sample plots were
established to represent the diﬀerent harvest types and intensities
present in each forest based on visual assessment of the extent of harvest activities, namely the number of tree stumps, and bark-harvested
trees present within a ﬁne spatial-scale, i.e. tens of metres. Non-random
selection of plots thus represented the continuum of harvesting disturbances present at each forest, from heavily harvested sites to those
with little or no harvesting present, after Kumar and Shahabuddin
(2005). Consequently, sample plots presented diﬀerent intensities of
biomass extraction, based on the percentage of trees harvested at the
plot-level, rather than categorical classes of resource use disturbance.
This approach aimed to provide sample plots representative of the
diﬀerent nature and intensity of harvesting occurring within each forest
to allow for the comparison of harvest activities across forests; as well
as samples from the full range of harvest activities and intensities,
against which to investigate habitat and avifaunal responses to resource
use measured on a continuous scale, in linked studies. A minimum
distance of 150 m was maintained between plots, and 50 m between
plots and the forest edge (i.e. all were within the forest interior).

60–400
80–220
20–60
1600
900
160
31°26′8.36″S 29°44′9.36″E
32°27′7.30″S 28°35′52.94″E
32°30′45.99″S 28°35′28.78″E
Pondoland Scarp
Transkei Coastal
Eastern Cape Dune
Lowland
Mqaba (n = 16)
Manubi (n = 18)
Ntlaboya (n = 10)

500
760
3170
31°0′39.34″S 29°20′44.25″E
31°25′51.12″S 28°45′56.56″E
32°45′57.88″S 27°15′24.19″E
Transkei Mistbelt
Transkei Mistbelt
Amathole Mistbelt
Montane
Gomo (n = 14)
Nqadu (n = 15)
Pirie (n = 16)

Size (ha)
Type

Co-ordinates

920–1550
980–1240
550–1200

2–6
2–6
1–10

2048 ± 133
1467 ± 462
3797 ± 377

105 ± 62
691 ± 569
1278 ± 364

showing the highest rate of employment (23%) and high school level
education (31%), and lowest percentage of traditionally built households (13%) relative to other study sites (Table 2). Study forests sampled thus represent distinct forest types, in terms of natural history,
species composition and biogeography, and variable socio-economic
conditions, such that data collected from representative forests present
case studies of forest resource use from across ecological and socioeconomic variation associated with indigenous forests in the study region.

Forest

Table 1
Study forest characteristics.

Elevation (m)

Min. temp. (°C)

Mean ( ± SD) plot distance to nearest community (m)

Mean ( ± SD) plot distance to nearest road (m)

J. Leaver and M.I. Cherry

2.3. Data collection
Circular plots of 11.3 m radius (0.04 ha) were used to quantitatively
record all harvesting activities and stem diameter 1.3 m above the
ground (DBH) of all standing trees ≥5 cm DBH (living and dead). Trees
harvested for poles or timber were recorded by: stump diameter; species
(where possible); response to harvesting (recorded as a stump being
dead or alive); and stump age (based on a scale of 1–4 according to the
degree of stump decay, from Boudreau et al., 2005, pg. 151). Based on
diameter, stumps were categorized as pole (5–19.9 cm diameter) or
timber (> 20 cm diameter) harvesting, after Obiri et al., 2002.
Trees harvested for medicinal bark were recorded using: DBH; extent of bark removal on individual trees up to 3 m on the tree stem
(scored 1–6 based on percentage of bark removed, where 1 = 1–10%;
2 = 11–25%; 3 = 26–50%; 4 = 51–75%; 5 = ring-barked to any
extent %; 6 = total ring-bark i.e. up to 3 m, where ring-barked stems
are those where bark has been removed from around the full circumference of the stem, after Cunningham, 1993); species (where
possible); and response to harvesting (dead or alive). In the majority of
4
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Table 2
Demographic and socio-economic variables within municipal wards of sample forests. Annual median income per household across all wards is estimated to be R
14,600 (~US$ 980).
Forest

Montane
Gomo
Nqadu
Pirie
Lowland
Mqaba
Manubi
Ntlaboya

District; local municipality (ward)

Popln. density (people per
km2)

% households traditionally built
(2016)

% employed (2011)

% high school or higher
(2016)

Alfred Nzo; Ntabankulu (Ward 7)
O.R. Tambo; King Sabata Dalinyebo (Mhlontlo
Ward 4)
Amathole; Amahlathi (Ward 36)

69.3
57.5

76
45

7
16

8
17

54.8

13

23

31

O.R. Tambo; Ngquza Hill (Ward 23)
Amathole; Mnquma (Ward 27)

18.4
53.8

80
67

14
6.5

10
10

heavily harvested, and Pirie least harvested (Fig. 3a; Table S2). Bark
harvesting was most extensive at Gomo, where an average of 7 ± 1.0%
of trees were harvested for bark to some extent, with mean tree mortality due to extensive bark removal at 2.5 ± 0.6% of trees (Table S2).
Notably, harvest rates at Manubi, Nqadu and Ntlaboya were not signiﬁcantly lower than those recorded at Gomo, indicating comparatively
high levels of bark harvesting at four of the six forests sampled (Fig. 3a;
Table S2).

cases, bark was harvested from standing trees, with only two cases (in
Manubi and Ntlaboya) observed where trees were felled to strip bark.
2.4. Data analyses
Stem density and basal area were calculated from standing tree
diameters of living trees recorded at each survey site (all stems with
DBH ≥ 5 cm).
Pole and timber harvest rates were assessed for each size class respectively based on the accumulated harvestable stems (stumps plus
standing stems) as follows:

3.2. Pole harvesting
Pole harvesting was observed in all forests except Pirie and recorded
in 60% of plots overall, with an average of 7.3 ± 1.0% of available
trees harvested. The extent of pole harvesting was negatively correlated
to distance to the nearest community (t = −2.51, df = 87,
p < 0.001), and distance to the nearest road (t = −3.71, df = 87,
p < 0.001). Thirty-nine % of pole-sized stumps had a decay score of 1
or 2, indicating that they were harvested fairly recently, while the
majority of stumps (61%) exhibited more advanced decay (score 3 or
4). Two-thirds of pole-sized stems died from harvesting (i.e. no coppice
regrowth occurred, or coppice regrowth was dead). Fifty-ﬁve % of polesized stumps were identiﬁed, revealing 28 species: 19 were observed
three times or more (Fig. 2c), while nine were recorded occasionally
(Table S1). The most frequently encountered species was Trichocladus
ellipticus, which occurs in the montane forests sampled, and represented
16% of identiﬁed stumps. Englerophytum natalense and Strychnos henningsii occur in lowland forests and each represented 11% of identiﬁed
stumps, with E. natalense the most commonly harvested pole species at
Manubi, whereas Strychnos henningsii was the most commonly harvested species at Mqaba. An exotic Psidium species was harvested only
in Manubi. At Pirie, no pole harvesting was recorded, while the highest
rate of harvesting was at Gomo (Fig. 3b; Table S2), where a mean of
14 ± 4.0% of available stems where harvested. However, pole harvesting rates recorded at Gomo did not diﬀer from those recorded at
Nqadu, Mqaba, Manubi and Ntlaboya, indicating comparative levels of
pole harvesting across all forests, with the exception of Pirie (Table S2).

Tree Harvest Index j
= number stumpsj/(number stumps j + number stems j),
where j represents the size class being assessed.
Bark harvest rates were assessed based on the proportion of trees
harvested for bark to any extent, based on accumulated harvestable
stems (standing trees alive and dead); and on a bark harvest index
derived from summed bark removal scores assigned to individual barkharvested trees, calculated at each plot, as follows:

Bark Harvest Index
= summed bark removal score/no. individuals bark − harvested
The proportion of trees harvested was based on trees with stem
diameter ≥10 cm, as no trees < 10 cm DBH were observed to have
been harvested for bark.
3. Results
3.1. Bark harvesting
Bark harvesting was recorded in all six forests, and in 57% of plots
overall: an average of 4.6 ± 0.7% of trees ≥10 cm DBH were harvested, with an average of 1 ± 0.2% of recorded stems ≥10 cm DBH
dead due to bark harvesting. Of the 147 trees recorded as harvested for
bark, 29% were dead. The proportion of trees dead due to harvesting
was negatively correlated to distance from the nearest community
(t = −2.40, df = 87, p < 0.001), while the negative relationship with
distance to the nearest road was marginally signiﬁcant (t = −1.84,
df = 87, p = 0.07). Most (73%) bark-harvested trees were identiﬁed,
yielding a list of 15 bark-harvested species: eight of these were recorded
three times or more (Fig. 2a), while seven were recorded only occasionally (Table S1). Ocotea bullata, Protorhus longifolia and Rapanea
melanophloeos were harvested most and were recorded in both montane
and lowland forests. Cassipourea gummiﬂua, Calodendrum capense and
Curtisia dentata each represented < 10% of harvested trees. Cumulatively, these six species represent 82% of all bark-harvested species
recorded, with all except C. capense frequently ring-barked. Bark harvest rates diﬀered between forests, with Gomo and Manubi most

3.3. Timber harvesting
Timber harvesting was the least common harvest activity, observed
in four of the six forests (Gomo, Mqaba, Manubi and Ntlaboya) and
recorded in 27% of plots overall. A mean of 3.1 ± 0.7% of available
timber-sized trees was harvested across all forests: 24% of stumps
showed signs of having been harvested recently, with a decay score of 1
or 2, while the majority of stumps (76%) exhibited more advanced
decay (score 3 or 4), and 78% of stumps were dead. Timber harvest
rates recorded per plot were negatively correlated with distance from
the nearest community (t = −2.84, df = 87, p < 0.001), while the
negative relationship with distance to the nearest road was marginally
signiﬁcant (t = −1.92, df = 87, p = 0.07). Seventy-one % of stumps
5
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Fig. 2. Frequency of commonly encountered species harvested for a) poles, b) timber and c) bark, represented as proportion of identiﬁed species. Species recorded
more than three times are depicted. In a) light grey bars represent species harvested in lowland (coastal and scarp) forests, while dark grey bars represent harvested
species recorded in montane forests. In b) and c) light grey bars represent lowland species and dark grey bars represent species harvested in both lowland and
montane forests.

Overall, very low levels of harvesting were recorded at Pirie compared to other forests. This may be attributed to the fact that Pirie was
less accessible than other sampled forests, with the closest community
and road > 3 km, and 1 km away, respectively. Furthermore, interviews of nearby village residents suggest that forest oﬃcials actively
monitor harvesting at Pirie (Opperman et al., 2018). Additionally,
slightly better socio-economic conditions in the region, such as higher
employment rates, education levels and more modern building styles
relative to other study forest regions (Table 2), may result in lower
reliance on forest products by surrounding communities. With the exception of Pirie, pole harvest rates were comparable across forests
sampled, while timber harvesting was largely limited to lowland forests, namely Manubi and Mqaba. While bark harvesting was recorded to
some extent in all forests, extensive harvesting, indicative of commercial-scale demand, was evident in four forests; two montane (Gomo and
Nqadu) and two lowland (Manubi and Ntlaboya).
Resource use was also shown to be species-speciﬁc, with diﬀerent
species used for poles, timber and bark respectively. Consequently,
harvest intensities vary at the species-level such that sustainable resource use is highly dependent on the ecology of target species.
Furthermore, given the variable species composition at the diﬀerent

were identiﬁed: four species were encountered three times or more
(Fig. 2b), while three were observed only occasionally (Table S1).
Ptaeroxylon obliquum, Millettia grandis and Strychnos henningsii, together
represented 78% of trees, and were recorded only in two lowland forests: Mqaba and Manubi. Xymalos monospora represented 8% of harvested species, and was recorded in both lowland (Mqaba) and montane
(Gomo) forests. The highest rates of timber harvesting were recorded at
Manubi and Mqaba, where 7.0 ± 2.0% of available stems were harvest, whereas no harvesting was recorded at Nqadu and Pirie (Fig. 3c;
Table S2).
4. Discussion
This study demonstrates that valuable information regarding patterns of resource use can be derived from assessing evidence of harvesting in forests, such as stumps and bark-harvest scars. Our ﬁndings
indicate that state forests were widely used by people, but that patterns
of resource use were largely site-speciﬁc. Thus, while harvest rates
measured at the regional scale were relatively low, patterns of resource
use, in terms of resource type and harvest rates, varied widely across
forests.
6
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2017). Consequently, management action is needed to better regulate
current commercial-scale harvesting activities, and to address issues of
habitat degradation arising from previous unsustainable harvesting.
These issues are discussed in further detail for each resource use type
separately in the following sections.
4.1. Bark harvesting
Bark was the most widespread harvested resource, recorded in all
six forests. The extent of bark removal on individual trees distinguishes
between commercial and subsistence bark harvesting: commercial
practices often result in ring-barking of tree stems up to a height of 3 m,
and subsequent tree death, whereas subsistence use is indicated by
more moderate bark removal with negligible impact (Cunningham,
1993; Geldenhuys, 2004a, 2004b; Tshisikhawe et al., 2012). Regionally, a third of recorded bark-harvested trees were ring-barked,
closely matching the 29% mortality rate recorded, and indicating widespread commercial-scale bark harvesting from state forests in the
Eastern Cape. Commercial-scale harvesting, as indicated by a high incidence of ring-barking, was highly species-speciﬁc, with ﬁve focal
target species identiﬁed: O. bullata, Protorhus longifolia, R. melanophloeos, C. gummiﬂua and C. dentata. Thus, although only 5% of all
trees were harvested for bark, harvest rates for these ﬁve species would
reveal much higher rates of use. Findings of this study thus reﬂect the
declining population status of O. bullata, R. melanophloeos, C. gummiﬂua
and C. dentata, which has been largely attributed to unsustainable bark
harvesting for the medicinal plant trade (Williams et al. 2013; SANBI,
2017). Beyond species-level resource depletion, increased canopy tree
mortality rates due to ring-barking has signiﬁcant impacts on forest
structure (Leaver et al., 2019a).
Current control of bark harvesting from state forests is thus not effective, leading to habitat degradation and resource depletion. Better
management is urgently required, both in terms of ensuring that current
demand is supplied sustainably, and that habitat degradation from past
harvest activities is addressed. Given the commercialised context within
which bark harvesting occurs (Dold and Cocks, 2002; Williams et al.
2013), sustainable management requires the integration of ecological,
socio-economic and policy components (Geldenhuys, 2004a). In this
regard, an integrated action plan has been implemented, and welldocumented, in the Umzimkulu region of the Eastern Cape
(Geldenhuys, 2002, 2004a, 2004b), and provides a model upon which
future sustainable bark harvesting management could be based. Speciﬁcally, this approach aims to bring resource users and the Department
of Environment, Forestry and Fisheries (DEFF) together in the process
of acquiring a licence for user associations to conduct legal commercial
harvesting, with the licence subject to a management plan for sustainable use which includes: guidelines for sustainable harvest practices; planting for alternative resources; and monitoring of resource use
impacts. This approach thus draws on the legislative framework provided by the National Forest Act (1998), which makes provision for
licencing resource harvesting for commercial purposes; aims to promote
Participatory Forest Management, where there is shared responsibility
of forest management between key stakeholders and the state; and aims
to develop indigenous forests for sustainable use.
A vital component of licencing commercial harvesting is ensuring
that wild populations are sustainably harvested, and in developing
diﬀerent sources of bark, thereby alleviating pressure on mature trees in
indigenous forests. In the case of the former, studies have shown that
the extent to which a tree has been ring-barked has a greater impact on
tree canopy health than the overall percent of bark removed from the
stem (Geldenhuys, 2002). Consequently, the likelihood of post-harvest
tree survival is much greater if bark is harvested in narrow, vertical
strips rather than from horizontal strips around the tree stem. It has
thus been proposed that controlled bark harvesting of individual trees,
wherein bark is harvested from 1 m long vertical strips that are 5 cm
wide in 5-year cycles, would ensure the survival of debarked trees.

Fig. 3. Mean harvest rates based on a) bark harvest index derived from extent
of bark removal on individual trees summed within plots, b) proportion of polesized stems harvested, and c) proportion of timber-sized trees harvested,
compared between forests and relative to the overall mean across forests.

forest types sampled, species use varied across forests, with a clear
distinction in species used from montane and lowland forest types.
Lastly, ﬁndings of this study reveal that much of the harvesting occurring in state forests in the Eastern Cape, particularly of bark and
timber, is occurring at a commercial-scale, and thus driven by demand
beyond that of surrounding communities. This has important implications for management as harvesting of this nature has greater ecological
implications, and involves a wider range of role players.
Consequently, three key resource use issues require urgent management attention: i) exploitation of certain tree species under high
commercial-scale demand for timber and medicinal bark; ii) depletion
of certain preferred species harvested for poles, and iii) forest degradation as a result of past and current harvest activities. Harvesting is
having measurable eﬀects on avian functional diversity and forestspecialist species richness (Leaver et al., 2019a, 2019b) suggesting that
other faunal groups are likely being similarly aﬀected, despite an 18%
increase in forest cover across the province since 1990 (Cooper et al.,
7
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relatively low compared to those recorded in east and southern Africa,
where harvest intensities ranged from 7 to 72% (cf. Table 3 in Boudreau
et al., 2005). Within South Africa, Obiri et al. (2002) recorded 10% of
pole-sized stems harvested in the community forests of coastal Pondoland in the Eastern Cape, whereas Boudreau et al. (2005) reported
harvest rates of 11.6% at Ongoye and Lawes et al. (2007b) rates of 36%
at iGxalingenwa, lowland and montane forests respectively, located in
the neighbouring province of KwaZulu-Natal. Low pole harvesting may
reﬂect declining demand for poles in the Eastern Cape, where houses
are increasingly being built with bricks and corrugated iron instead of
traditional materials (Cawe and Geldenhuys, 2007; Chalmers and
Fabricius, 2007; Geldenhuys et al., 2013; Shackleton et al., 2013;
Geldenhuys et al., 2016). This is supported by the observation that most
recorded stumps were estimated to be more than ten years old based on
stump decay, suggesting that extraction rates may have declined over
time.
Susceptibility to overexploitation is largely dependent on the lifehistory traits of harvested species, such as the spatial scale at which
regeneration takes place; availability; and the size of the forest harvested (Obiri et al., 2002; Boudreau et al., 2005). In montane forests
(Gomo and Nqadu), Trichocladus ellipticus, a dominant understory species, represented the largest proportion (45%) of trees harvested. Similarly, Englerophytum natalense, an abundant understory tree occurring
in the lowland forests sampled (Manubi, Mqaba and Ntlaboya), was one
of the most commonly harvested pole species. Given the high availability of these species, their ﬁne-grained spatial scale of regeneration,
and the size of the forests sampled, current harvest rates of < 10% in
each case, are likely to be sustainable (Obiri et al., 2002; Boudreau
et al., 2005; Boudreau and Lawes, 2005). Understory species may at
high densities even exclude or inhibit the regeneration of canopy tree
species, so thinning of these species through harvesting may be beneﬁcial for forest regeneration (Geldenhuys et al., 2013), particularly in
forests with an historical legacy of intensive logging (King, 1941),
where a dense understory can suppresses canopy-tree recruitment
(Lawes et al., 2007b). However, potential beneﬁts of harvesting are
highly dependent on the ecology of the species harvested. For example,
Lawes et al. (2007b) showed that the preference for young canopy trees
species (as opposed to understory species) by pole-harvesters in iGxalingenwa forest, due to their straight-stems, suppressed the regeneration of these canopy species. This, compounded by the dense understory
resulting from logging disturbance of the past, has negative long-term
ecological implications. This raises concern over the high harvest rate
of Strychnos henningsii, a canopy species which was the most commonly
harvested pole species in Mqaba. Furthermore, unlike T. ellipticus and E.
natalense, which were harvested exclusively for poles, S. henningsii was
harvested for poles, timber and medicinal bark in Mqaba. Anecdotal
observations of local harvesters indicate that the abundance of this
species has declined severely in Mqaba, with only individuals without
straight stems persisting. Similarly, this species was found to be absent
in several coastal forests of the Nqabara region of the Eastern Cape,
possibility due to over-exploitation (Geldenhuys et al., 2013). Sustainable management of pole harvesting thus necessitates that speciesspeciﬁc management practices be developed, as the diﬀerent ecology of
targeted species determines their susceptibility to over-exploitation.

While this strip harvesting approach represents a simple shift in harvest
practice, implementation requires the development and capacitation of
eﬀective regulating mechanisms, as should arise from any licencing
agreement entered between harvesters and DEFF.
However, the variable response of target species to strip harvesting
suggests that best practice for sustainable harvesting needs to be species-speciﬁc (Vermeulen et al., 2012). For example, while strip harvesting of O. bullata presents a sustainable management option, given
good bark regrowth and limited susceptibility to insect and fungal attack, the comparatively poor response of C. dentata and R. melanophloeos, due to poor bark regrowth and susceptibility to fungal and
insect attack, especially in the case of R. melanophloeos, indicate that
these species require alternative harvesting methods. Speciﬁcally, fulltree harvesting has been proposed as a possible option for high-demand
tree species that do not recover from bark stripping, such as R. melanophloeos, with cutting rates dependent on the species population dynamic (Geldenhuys, 2004a, 2004b; Vermeulen et al., 2012). This option
presents the opportunity to harvest all bark from a felled tree, as well as
the timber. Furthermore, the creation of canopy gaps through full-tree
harvesting, may facilitate the regeneration of target species such as O.
bullata and R. melanophloeos (Geldenhuys, 2004a, 2004b).
Findings of this study show that urgent management action is
needed to address the issue of trees that have been ring-barked, and are
dying as a result. In this regard, studies have shown that dying trees
may be salvaged by cutting, if they produce coppice shoots in response,
as in the case of O. bullata (Geldenhuys, 2002, 2004a, 2004b). Cutting
of dying, ring-barked trees would thus allow for tree survival through
coppice development, and for all remaining bark on the cut tree to be
harvested, as well as the bole and braches to be harvested for timber
and crafts, respectively. Fewer trees would thus need to be harvested to
supply bark demand, and timber could be supplied as a by-product,
thereby reducing the impact on the forest. Furthermore, coppice shoots,
if adequately protected from browsers, would provide stems from
which young bark could be strip harvested in the future (Geldenhuys,
2002, 2004a, 2004b). Additionally, the leaves of many high demand
species have been shown to contain medicinal compounds present in
the bark, such that plant-part substitution has been suggested as an
important mechanism to reduce bark harvesting pressure (Drewes and
Horn, 2000; Zschocke et al., 2000; Shai et al., 2009). Coppicing shoots
of cut trees could thus also provide leaves which could be easily harvested.
Lastly, the propensity of certain high-demand species, such as O.
bullata and R. melanophloeos, to regenerate naturally under pioneer
stands on forest margins, including plantations and stands of exotics,
presents the opportunity to collect and re-plant seedlings to develop
cost-eﬀective alternative sources of bark and leaves. Speciﬁcally,
seedlings from outside the forest could be used to rehabilitate forest
gaps created by cut ring-barked trees or full-tree harvesting inside the
forest (Geldenhuys and Delvaux, 2002), or abandoned cultivated ﬁelds
on forest margins. Furthermore, seedlings could be planted and cultivated as low, multi-stemmed coppice systems near communities, from
which young bark and leaves could be harvested sustainably. Consequently, several important management options exist, and have been
proposed for the development of sustainable harvest practices; alternative sources of high-demand bark species; and rehabilitation of degraded forests. However, eﬀective implementation ultimately requires
eﬀective communication and collaboration between resources users
and DEFF.

4.3. Timber harvesting
Timber harvesting was the least encountered harvest activity, with
current timber felling activities restricted to lowland forests, namely
Manubi and Mqaba. At Gomo and Ntlaboya, recorded stumps were in
advanced stages of decay, indicating that these harvest activities occurred more than ten years ago, while no timber harvesting was recorded at two of the three inland forests sampled, namely Pirie and
Nqadu. While harvesting of canopy trees for timber was most common
at Mqaba and Manubi, where 7 ± 0.2% of canopy trees had been
harvested, the vast majority (85%) of timber-sized stumps recorded at

4.2. Pole harvesting
Pole harvesting was recorded in all forests except Pirie, with the
highest frequency of occurrence at the plot-level (60%), indicating that
it was the most proliﬁc resource use encountered, with harvest rates
ranging from 5% (Ntlaboya) to 14% (Gomo) of available stems.
Regional harvest rates of 7.3% of the available pole-sized stems are
8
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of forest types, which sheds light on critical resource use issues in the
region. In our view, DEFF should consider issuing licences for commercial-timber harvesting of P. obliquum and M. grandis, in an eﬀort to
regulate illegal timber harvesting in lowland forests such as Mqaba.
Speciﬁcally, the licencing process should be subject to assessments to
determine current stocks; development of sustainable harvest quotas
and ensuring that these are regulated. Pole harvesting is of less concern
as it appears to be on the decline owing to reduced demand; is occurring at sustainable levels in any event; and is likely to be mostly for
household use, although the regulations do not provide for it. With
regard to bark, harvesting for household use is legal, but it is suggested
that foresters oversee harvesting in terms of the exemption regulations;
and record quantities of each species harvested so that sustainable levels can be ascertained. In addition, keeping records of the products
collected by individual harvesters should at least limit the extent of sale
of forest products. However, a large portion of bark harvesting is driven
by commercial demand, and is thus illegal. As in the case of timber,
legalization of bark harvesting for commercial purposes may provide
for better regulation; and ensure that local forest communities beneﬁt
from forest products. Regulations pertaining to both household and
commercial harvesting can be properly implemented only in the event
of the development of appropriate capacity within the DEFF, where the
Forestry and Fisheries divisions of the former Department of
Agriculture, Forestry and Fisheries are currently being amalgamated
with the former Department of Environmental Aﬀairs.
The management of indigenous forests in South Africa dates back to
the colonial period, historically characterised by policing, exclusion and
enforcement of laws (Brown, 2003). However, as seen in other developing African nations (Wily, 2000), forest policies in South Africa have
been reformed under the NFA (1998), which aims for joint forest
management between the state and local communities. This global
trend of delegation of rights and responsibilities at the local level has
been motivated by acceptance that state-level management is often
inadequate to protect forests (Wily, 2000; Obiri and Lawes, 2002),
particularly where they are widely dispersed and fragmented, as in
South Africa. Furthermore, public participation is considered a vital
component of developing eﬀective sustainable use policies. Consequently, Participatory Forest Management (PFM), which aims for the
shared responsibility of forest management between resources users
and the state, has been legislatively adopted as the key process to drive
forest management in South Africa (NFA, 1998). Legalization of commercial-scale timber and bark harvesting, as proposed by this study as a
means to improve regulation of these practices, thus necessitates that
resource users be involved in this process. While similar policies of
joint, or collaborative forest management have been successfully implemented in several developing nations, such as India (Prasad and
Kant, 2002), Nepal (Gautam et al., 2004) and Tanzania (Wily et al.,
2000; Blomley et al., 2008), this has remained elusive in South Africa
(Horn, 2002). Capacity-development should thus focus on issues relating to implementing PFM policies, such as the established of community-based harvester associations, through which negotiation and
collaboration with state forest bodies may occur (Geldenhuys, 2004a,
2004b). While forest-user communities in South Africa support the
notion of PFM (Obiri and Lawes, 2002; Robertson and Lawes, 2005),
this process must be driven by DEFF, and cannot take place in the
current context of a void in personnel, both on the ground and at
management level. No new forest guards have been appointed since
2013 to replace those who have left the department, where the post of
Deputy-Director General (Forestry) has been vacant for some years.

Manubi were old, indicating that timber harvesting has largely declined
over time in this forest. Conversely, close to half (43%) recorded at
Mqaba were recent, indicating that informal selective harvesting of
canopy trees is still an important form of resource use in this forest.
Timber harvesting was highly species-speciﬁc, with four focal species identiﬁed: Ptaeroxylon obliquum, Millettia grandis, Strychnos henningsii and Xymalos monospora. Ptaeroxylon obliquum and M. grandis
were the most commonly harvested timber species, comprising 60% of
timber-sized trees harvested. Previous studies in coastal regions of the
Eastern Cape have reported similarly high use of these species (Obiri,
1997; Ham and Theron, 2001; Obiri et al., 2002; Cawe and Geldenhuys,
2007; Fearon, 2010). Speciﬁcally, the high desirability of P. obliquum
for fence posts; and M. grandis for crafts, has resulted in past unsustainable harvest rates of these two species in the Pondoland region
(Obiri, 1997; Obiri et al., 2002). However, the ability of both species to
coppice in response to harvesting, and their abundant regeneration
observed in harvested forests, indicates that these high-demand species
have the potential to be harvested sustainably (Obiri et al., 2002; Cawe
and Geldenhuys, 2007; Geldenhuys et al., 2013). However, this would
require the implementation of eﬀective management practices, particularly in forests such as Mqaba, where current informal timber harvesting practices select for large, straight-stemmed individuals, which
are consequently becoming less abundant in the forest (personal
comm., S. Tsini, May 2017).
The degree to which current illegal timber harvest activities threatens forest biodiversity, beyond direct population-level impacts on
target species, is dependent on the frequency of disturbance, and the
extent of incidental habitat damage associated with harvest activities.
For example, mechanised selective logging operations cause considerable damage to the broader forest environment through indirect damage due to clearing for roads and log storage sites (Johns, 1988).
Conversely, informal timber harvesting in Mqaba was largely un-mechanised, beyond the use of chain-saws, with felled timber split in the
forest, and carried out on foot along narrow footpaths (personal observations). The frequency of disturbance is thus of greater concern,
particularly in the case of Mqaba, which had the highest current rate of
timber harvesting in the region. Mqaba is one of the largest remaining
patches of the nationally threatened Pondoland scarp forest, and the
presence of an informal trade network transporting locally harvested
timber to Lesotho appears to be driving timber harvest activities in this
forest, and requires urgent management (personal comm., Monica
Mvakade, October 2016). Given the commercial nature of this harvesting, it is suggested that an approach similar to that described above
for sustainable commercial bark harvesting be implemented. Speciﬁcally, through the formation of harvesters associations, agreements
between harvesters and DEFF could be negotiated, and a commercial
harvesting licence issued subject to the development of an ecologicallyinformed management plan and guidelines for sustainable timber harvesting from Mqaba forest. This should include the development of
alternative resources of target species, such as the planting of P. obliquum and M. grandis in previously degraded areas of the forest, forest
margins and abandoned cultivated ﬁelds, where these light-demanding
species will do well (Obiri et al., 2002; Njwaxu and Shackleton, 2019).
Furthermore, planting of preferred species in abandoned cultivated
ﬁelds along forest edges would increase resource availability.
To our knowledge, this is the ﬁrst regional-scale study of forest resource use in the Eastern Cape subsequent to the promulgation of
regulations regarding resource use issued in 2008 and 2009. Although
these provide for permits to be issued for commercial-scale harvesting
of poles, timber and bark, none have been issued by the Eastern Cape
regional oﬃce, so all harvesting of this nature reported here is illegal.
This study is limited by a relatively small sample size, given that the
approach aimed to cover a broader range of forest types, at the cost of
more intensive sampling in fewer forest types, such that data presented
here may not be regionally representative. Nonetheless, we provide a
recent assessment of resource use patterns across a representative range
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