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Abstract

Background: In the Democratic Republic of Congo (DR Congo), Oldeania alpina (K. Schum.) Stapleton provides
multiple goods and services to rural populations and is the keystone species of mountain forest ecosystems, most
of which are in a very advanced state of degradation. The present study was carried out in Lubero cool highlands
region, in the North-East of the DR Congo. It aims to highlight the knowledge of local populations on the uses of
O. alpina as well as their perceptions of the spatio-temporal dynamics of this high-altitude bamboo species.

Methods: Ethnobotanical surveys were conducted in five villages of the study area through semi-structured
individual interviews and focus groups with 245 people. The different forms of use of O. alpina organs and the local
perceptions of its spatio-temporal dynamics were the key axes of the surveys. The software R version 4.1.5 was
used to calculate the ethnobotanical indices and to carry out static analyses of the data.

Results: The results showed that O. alpina is well known by the populations of the study area and is solicited in
seven main categories of use, namely: fuelwood (22.5 %), construction (22 %), handicrafts (17 %), agriculture (14.5
%), pharmacopoeia (14 %), worship (8 %) and food (2 %). For these uses, the populations solicit the following
organs: culms (59.2 %), blades (12.24 %), shoots (10.54 %), rhizomes (6.78 %), sheaths (6.56 %) and straw (4.68 %).
Also, for the populations of the study area, the bamboo groves of O. alpina are in a regressive spatio-temporal
dynamics.
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Conclusior. In Lubero cool highlands region, O. alpina is in constant degradation due to uncontrolled human
exploitation. The results of this study provide reliable technical bases for developing conservation strategies for O.
alpina in the study area.

Keywords. Bamboo, Oldeania alpina, ecosystem services, multipurpose species, ethnobotany, threatened species,
local conservation policy, multipurpose species, Congo Basin, Lubero, DR Congo.

Background

Humans have always depended on nature, from which they draw both fossil and biological resources for their well-
being and survival (Diatta et al 2016, Gnangle et al 2017, Dje Bi et al 2020). Most biological resources used by
humans are drawn from forests, which are natural reservoirs of biodiversity (Thompson et al 2009, Boulogne 2016).
Indeed, forests provide several resources for food, feed, traditional medicine and many other socio-economic and
cultural services (Loubelo 2012, Sonwa et al 2012, Hessavi et al 2019, Traoré et al 2021, Kambale Ndavaro et al
2022a). African societies are the most closely linked to these resources in the world due to the standard of living
of the populations, especially in rural areas (Kambale et al 2016, Dicko et al 2017, Masinda et al 2017). This
dependence gives them indigenous knowledge and practices that are incorporated into their habits and passed on
from generation to generation (Badjaré et al 2018, Cissé et al 2018). This knowledge of forest resources use varies
greatly between ethnic groups and is generally correlated with several individual attributes including age, gender,
religion, level of education, main activity, etc. (Gaoue et al. 2017, Gouwakinnou et al. 2019, Gaoue et al. 2021, Traoré
et al 2021).

The forests of the Democratic Republic of Congo (DR Congo), estimated at over 152 million hectares, represent 10
% of the world's forest cover and 62 % of that of the Congo Basin (Tchatchou et a/ 2015). They are home to mega
plant biodiversity with useful species of great interest to human populations, in terms of their multiple ecosystem
services (MEA 2005, Paudyal et al 2019, Kambale Ndavaro et al 2022b). Among the most important and well-
known of these forest plant species is the upland bamboo (Oldeania alpina (K. Schum.) Stapleton) (Stapleton 2013),
a grass (Poaceae) native to Africa (Bahru et al 2021) and the regional center of afromontane endemism (White
1983, Oyicha 1997). In DR Congo, O. alpina is found only in the high mountains of the East of the country (2400
and 3200 m altitude) (Safari et al 2015, Kambale Ndavaro et al 2022b) where it is extensively exploited by local
populations for various categories of uses (Munyuli Bin Mushambanyi 2001, Amant et al. 2008, Safari et al. 2015).

Particularly in Lubero cool highlands region, O. alpinais one of the most prized non-timber forest products (NTFPs)
and of great value to local people who use it to meet their socio-economic and cultural needs (Vyakuno 2006,
Kambale Ndavaro et al 2021). However, in many parts of the forests in this region, selective logging of O. alpina
has resulted in the formation of clearings where secondary, herbaceous-dominated, restocking plant formations
develop (Masinda et al. 2017, Kambale Ndavaro et al 2021). These clearings represent major signs of degradation
of this afromontane species which runs the risk of disappearing locally in the future (Masinda et a/ 2017). This is
all the more evident as in most cases, the selective exploitation of O. alpina by the populations of Lubero cool
highlands region is done in an accelerated and uncontrolled manner, i.e. without considering their abundance,
rarity or regeneration rate (Bada Amouzoun et al 2019). Combined with the galloping population growth in the
area (Vyakuno 2006, Masinda et al. 2017, Kyungu Kasolene 2019), this uncontrolled exploitation could lead to an
alarming degradation of O. alpinabamboo groves, thus negatively impacting the benefits that humans derive from
these plant resources (Kambale Ndavaro et al 2021).

To ensure the conservation and sustainable management of O. alpina in the Lubero cool highlands region, it is
necessary, among other things, to explore endogenous knowledge of the uses and functions of this plant resource
for local populations. This approach is crucial and is justified by the fact that for the sustainability of ecosystem
services of forest plant resources, conservation actions must sufficiently consider the specific uses known by local
populations (Bada Amouzoun et al 2019, Garba et al 2019, Hadonou-Yovo 2020). Indeed, knowledge of the
ethnobotanical forms of use of forest plant resources provides a solid technical basis for the design and
implementation of the sustainable management plan of fragile forest formations (Yedomonhan et a/ 2017, Abdou
Habou et al 2020). In other words, investigations on local knowledge are imperative to capitalise on the traditional
knowledge of human communities in natural resource management strategies (Ouedraogo et al 2017, Ouattara et
al 2021).

On the other hand, it is also important to document local perceptions on the current ecological status of O. alpina
bamboo groves, and more specifically their spatio-temporal dynamics in the study region. Several studies have
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shown the value of analysing people's perceptions on the spatio-temporal dynamics of plant resources with
multiple uses (Weiss et al 2006, Toko et al 2013, Sambieni et al 2015). To this end, Mccorkle (1989) and Hahn-
Hadjali and Thiombiano (2000) indicate that in the absence of a reliable scientific basis on past vegetation, the
perception of the rural population is necessary and appropriate to detect any evolutionary or regressive dynamics
in the flora. Also, according to Brusquet (2006), the continuous adaptation of conservation strategies to the
changing needs of people and natural conditions requires the consideration of the traditional ecological
knowledge of local communities. For their part, Sambieni et a/(2015) show that the study of people's perceptions
of the spatio-temporal dynamics of forest ecosystems makes it possible to develop appropriate tools to support
policies for involving these populations in the conservation of forest resources. As for Ouattara et a/ (2021), they
consider that studies of farmers' perceptions, based on reliable ethnobotanical surveys, are an effective means of
rapidly assessing the state of vegetation evolution in a locality.

It is in this context that the present study takes place. Its objectives are to: (i) describe the different forms of use of
O. alpina by local populations; (ii) analyse the perceptions of local populations on the spatio-temporal dynamics
of O. alpina bamboo groves. The interest of this study is operational. It serves to provide the basic technical
elements for the design and implementation of conservation and sustainable management strategies for O. alpina
in the Lubero cool highlands region affected by the degradation of natural habitats of forest species.

Materials and Methods

Study area

The study was conducted in Lubero cool highlands region located in the North-East of DR Congo. This region lies
between 29°04'26.4" and 29°28'51.6" East longitude and between 0°04'26.4" North latitude and 0°32'49.2" South
latitude. The altitude varies between 2000 to 3117 m. The climate is equatorial, tempered by the mountains
(Vyakuno 2006, Masinda et al 2017, Kambale Ndavaro et al 2021). The average annual temperature varies between
15 and 17° C (Sys 1992, Vyakuno 2006). The average annual rainfall varies from 1110 to 1330 mm (Sys 1992,
Demangeot 1999, Vyakuno 2006). The soils are thick, poor, fragile and diversified by their granulometry (Pecrot &
Leonard 1960, Sys 1960, Vyakuno 2006). The vegetation consists mainly of forests with O. alpina, Podocarpus
milanjianus Rendle, Aningeria adolfi-friedericii (Engl) Robyns & G.C.C. Gilbert, Macaranga neomildbraediana
Lebrun, Newtonia buchananii (Baker f.) G.C.C. Gilbert & Boutique and £rica arborea L. (Pecrot & Leonard 1960,
Vyakuno 2006). Phytogeographically, this falls within the afromontane domain (Robyns 1948, Lambinon &
Sérusiaux 1983). This region corresponds to what White (1983) called the regional center of afromontane
endemism. The population of the Lubero cool highlands region is growing considerably over time. Between 1930
and 2020, it increased from 348,807 to 662,535 inhabitants (Etat Civil-Lubero/RD Congo 2021). The economic
activities of this population are dominated by agriculture, small and large livestock breeding, petty trade, logging
and the collection of non-timber forest products (Vyakuno 2006, Masinda et al. 2017). Logging provides fuelwood,
timber and building materials.

Sampling of the surveyed population

Five villages were selected for ethnobotanical surveys based on the presence of O. alpina bamboo groves and the
existence of indicators of its use in the village. The villages were Luotu, Magheria, Masereka, Kipese and Lubango
(Figure 1). The choice of people to be interviewed followed the convenience sampling method, which consists of
interviewing people who are available at the time of the study. A key criterion for this method was the respondent's
knowledge of O. alpina and its uses. Given that the plurality of people to be interviewed always reveals a diversity
of points of view and allows for the crossing of opinions (Auzuret et a/ 2010) and that the diversification of data
sources allows for the societal realities of the populations to be considered (Sambiéni et al 2015), the sample size
chosen for the study was defined by the normal approximation of the binomial distribution proposed by Dagnelie
(1998):

N=p?1e, Pi(;z—Pi)
Where: N = sample size; Pi(80%) = the proportion of people with knowledge of O. aljpina in Lubero cool highlands
region (50-person survey); H1-/2= 1.96 (value of the normal random variable for a risk & = 0.05); 6 = 5 % (Margin
of Error).
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Thus, 245 (49 per village) people were interviewed, after explaining the aim of the research work and obtaining
their oral prior informed consent. In the selection of interviewees, only those who were at least 25 years old were
considered in order to better trace the history of the use of this plant species in the region under study.
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Figure 1. Location of ethnobotanical investigation sites on O. aljpina in Lubero cool highlands region (DR Congo).

Data collection

Using the technique of semi-structured interviews based on pre-established survey questionnaires, data was
collected in each of the five villages in the study area. For this purpose, the Free Listing technique was used. This
consisted of asking the informant to list the different uses of O. ajpina and the organs required for each use (Quinlan
2005). In addition to this, specific questions related to vernacular nomenclature, availability, abundance, degree of
spatio-temporal evolution and local conservation strategies of the plant resource under study were asked. Also, a
focus group was conducted in each village between five experts from local government departments of
environment, agriculture, livestock and forest management, as well as community leadership. The synthesis report
containing the harmonised elements of the opinions expressed in the focus group was validated by all the
stakeholders, in order to complete, by validation or questioning, the data obtained by individual interviews.

Data analysis

The Excel spreadsheet was used to build the database; and all statistical analyses were performed using R 4.1.5 (R
Core Team 2021). The use accumulation curve was performed under the "vegan" package (Oksanen et al 2019) to
account for the sampling effort and the completeness of the recorded uses. Furthermore, the packages "ggplot2"
(Wickham 2016) and "FactoMineR" (Le et al 2008) were used to perform a Multiple Correspondence Analysis (MCA),
in order to identify which organs of O. alpina are most solicited for given uses, as well as the predominant uses in
the different villages. Also, the plant part use value (PPV) index (Gomez-Beloz 2002) was calculated for each organ
and stubble type used by the following formula:

PPV = (RU/JRU)
With: RU = the number of uses reported for each organ.

PPV was compared between organs using a beta regression under the "betareg" package (Zeileis et al 2010).
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In order to model the mechanisms involved in the ownership of O. alpina bamboo groves in Lubero cool highlands
region, the effect of socio-demographic characteristics (gender, village, main activity, age and household size) on
the ownership status of O. alpina bamboo groves was tested by means of a binary logistic regression under the
package "stats" (R Core Team 2021). Ten models were tested, starting from the global model to the null model.
The Akaike Information Criterion (AIC) (Akaike 1998) was used to select the minimum adequate model. Statistically
significant effects were plotted using the effects package (Fox & Hong 2009).

To better explain the factors that determine local people's perception of the spatio-temporal evolution of O. alpina
bamboo groves, modelling of the influence of O. alpina bamboo ownership status, village and main activity on the
perception of the spatio-temporal evolution of the said groves was done using ordinal logistic regression under
the "ordinal" package (Christensen 2019). Four models were tested and compared in order to find the most suitable
model.

Finally, the Local Conservation Priority Index (LCPI), adapted from Albuquerque (2009), was calculated using the
following formula:

LCPI = NC + DA + DR

With: NC = Number of Citations (two points are added for each use category cited: scale 1-10); DA = Degree of
Attention which here translates into the ownership status of O. alpina bamboo groves: Non-owner =10; Owner =
1; DR = Relative Density of the species in the wild which here translates into the degree of abundance perceived
by each respondent: Rare = 10; Not very abundant = 7; Abundant = 4; Very abundant = 1.

This index was compared between survey villages using a simple linear regression followed by a multiple
comparison test under the "multcomp" package (Vihinen et al 1992) to assess the urgency of conservation
measures for O. alpina in the study area.

Results

Sampling effort

The sample of respondents provided satisfactory and comprehensive information on the different categories of
use of O. alpina in the Lubero cool highlands region, given the asymptote obtained on the accumulation curve of
recorded uses (Figure 2).

Number of use category
4
|

1 1 1 1 1
0 50 100 150 200

Number of surveyed persons
Figure 2. Accumulation curve of O. alpina uses.

Uses of O. alpina

In descending order of frequency of use, O. alpina is used in seven areas by the people of Lubero cool highlands
region (Figure 3): wood energy (22.5 %), construction (22 %), handicrafts (17 %), agronomy (14.5 %), pharmacopoeia
(14 %), worship (8 %) and food (2 %). The number of specific forms of use reported per organ and stubble type of
O. alpina was as follows: blades (one form of use), straw (two forms of use), rhizomes (two forms of use), shoots
(three forms of use), young culms (four forms of use), mature culms (three forms of use) and old culms (one form
of use) (Table 1). Figure 4 illustrates some of these uses of O. alpina in Lubero cool highlands region.
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Figure 3. Areas of use of O. alpina.
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Figure 4. Illustrative photos of some of the uses of O. alpina by the people of Lubero cool highlands region: a)
Wood energy; b) Construction (house); ¢) Handicraft (basket); d) Agriculture (staking); e) Construction (fence); f)
Handicraft (chair). Pictures of Kakule Vyakuno (2003) and Kambale Ndavaro (2022).
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Table 1. Response rate of O. alpina organs use by people in five villages of Lubero cool highlands region

Relative frequency of O. alpina organs users by survey village (%)

Organs Areas of use Forms of use Purpose of use Luotu Magheria Masereka Kipese Lubango
(n=49) (n=49) (n=49 (n=49) (n=49)
Decoction Otitis - 14,3 6,1 41 -
Cooking or powder Stomachache 36,7 42,8 18,4 6,1 -
Limb Medicinal Cooking High blood pressure 29 23,2 10,3 - 11,7
Decoction Boil - 10,2 4,1 - 8,2
Decoction Hemorrhoid 42,8 38,8 16,3 30,6 8.2
s Construction Straw Hut roofs 49,9 65,3 77,5 67,3 571
traw
Combustible Straw Kitchen fire 59,2 75,5 85,7 79,6 45,0
Decoction Stomachache - 14,3 41 32,6 -
) Medicinal Decoction Snake bite 2,0 18,4 10,2 82 -
Rhizome - -
Decoction or powder Diarrhea 6.1 16,3 4,1 28,6 -
Agriculture Rhizome Plant material 24,5 34,7 449 184 22,4
Decoction Otitis - 6,1 41 2,0 -
Medicinal i
Decoction or powder Stomachache - 12,2 16,3 - 81
Cut and slit Baskets 67,3 77,5 75,5 85,7 79,6
Shoots -
) Cut and slit Baskets 37,7 48,9 26,5 571 28,6
(< 1year) Artisanal
Cut and slit Mats 224 347 65,3 326 3838
Cut and slit Zither - 10,2 14,2 - -
Food Cooking Vegetable 2 - - 3 2
Construction Cut fences 63,3 67,3 79,6 61,2 34,7
Young thatch Cut and split Doors 10,2 24,5 16,3 21,0 4,0
(1-4 years: green) Artisanal Cut and split Beds 26,5 551 69,4 59,2 63,3
Cut and split Chairs 59,1 75,5 73,5 77,5 69,4
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Cut and split Stretchers - - 411 - 7,0
Agriculture Cut out Staking 714 95,9 89,8 83,7 93,9
Combustible Cut Firewood 93,9 100 100 95,9 100
Cut Fences 67,3 100 100 95,9 57,1
Construction
Cut Houses 53,1 63,3 42,8 69,4 75,5
Mature thatch
Cut Doors - 184 - - -
(5-7 years: yellow . i
Artisanal Cut and slit Beds 38,8 61,2 48,9 28,6 44,9
and hard)
Cut and slit Chairs 67,3 77,5 87,7 83,7 79,6
Combustible Cut Firewood 100,0 100,0 95,9 100,0 97,9
Old thatch ) .
Combustible Cut out Firewood 100,0 100,0 100,0 100,0 100,0

(> 8 years: dry)

Legend: n = number of people
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Almost all organs of O. alpina are used by local people in the five villages investigated (Figure 5). These organs are
grouped into six categories: culms (59.2 %, of which 16.98 % are young culms, 15.52 % are old culms, 14.58 % are
mature culms and 12.12 % are dead culms), blades (12.24 %), shoots (10.54 %), rhizomes (6.78 %), sheaths (6.56 %)
and straw (4.68 %).

B Young stubbles

M Old stubbles

Straws
Sheaths [T Mature stubbles
% Rhizomes Dead stubbles
g
S seedings ETEEN
m Organs Stubbles Leaf blades
Leaf blades | IIERRYIE Seedlings Rhizomes Sheaths
Straws
Stubbles 16,98 15,52 1212 i
0 10 20 30 40 50 60

Percentage
Figure 5. O. alpina organs used by local people.

The PPV of these O. alpina organs indicates that local people do not place the same importance on them. Figure 6
shows that this index differs significantly between organs used. The different types of culms (young, mature, old
and dead) have the same use value as the blades. Similarly, rhizomes, shoots and sheaths have relatively equal use
values for local populations. Straw has a significantly different use value than the other organs and types of stubble
used. They are the least important part of the plant for local people, while the blades and the different types of
culms are the most valued parts.
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Dead.stubble Leafblades Mature.stubble Old.stubble Rhizome Seedlings Sheath Straw Young.stubble
Part and type of stubble

Figure 6. Multiple comparison of the use value of the various organs of O. alpina used. Box plots with different
letters differ significantly and are otherwise identical.

The MCA revealed the organs preferences for certain villages and the corresponding areas of use (Figure 7). It can
be seen that young and old culms are mainly used for house and fence construction, while mature culms are used
more as energy wood. The shoots of O. alpina are much more used for human consumption, while the rhizomes
and limbs are more used in pharmacopoeia. Food use is more pronounced in Lubango and Masereka than in the
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other three villages. The use of O. alpina for construction is more mentioned in Luotu. Kipese shows a strong

tendency towards agronomic uses of O. alpina.

1.5+ Food
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o~ 0.5 Fuel.wood ‘
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R 0 1 2
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OTSU
Ownership
Sex
Use.Cat
Village

Figure 7. Factor plane (1,2) of the Multiple Correspondence Analysis. Legend: OTSU = organs and type of stubble;

Use.cat = use category.

Mechanisms involved in the ownership of bamboo groves (0. alpina)
Of the 10 models in the binary regression testing the effect of socio-demographic characteristics on the ownership
status of bamboo groves (O. alpina), model 9 is more parsimonious according to AIC (Table 2). This model shows
that only the main activity is likely to influence ownership status. Thus the probability of owning bamboo groves
(O. alpina) for a farmer is significantly lower than that of a herder but is the same for a teacher and a practitioner of

other activities (Figure 8).

Table 2. Modelling the mechanism influencing the ownership of bamboo groves (O. alpina) in Lubero cool highlands

region

Models Main effects Interactive workforce df AlC

fmo Age; Household size; Gender; Main  Age n Sex; Age n Village 19 330.5
activity; Village Agen Main activity

fml Age; Household size; Gender; Main  Age n Sex, 16 3276
activity; Village Age n Village

fm2 Age; Household size; Gender; Main  Age n Gender 12 3235
activity; Village

fm3 Age; Household size; Gender; Main - 11 3219
activity; Village

fm4 Age; Household size; Gender; Main - 7 3175
activity; Village

fm5 Age; Household size; Gender - 4 319.6

fmé6 Age; Household size - 3 317.7

fm7 Age - 2 317.0

fm8 Main activity; Village - 8 3193

fm9 Main activity - 4 314.6

fmi0 - - 1 316.3
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Figure 8. Comparison of the probability of owning bamboo groves (O. alpina) according to respondents’ main
activities.

Perception of the spatio-temporal dynamics of bamboo groves (O. alpina)

In Lubero cool highlands region, seven different types of O. alpina habitats were listed. Considering the decreasing
order of magnitude of the frequency of citations, we have respectively: dense forests (31.51 %), open forests (21.03
%), cultivated fields (14.11 %), fallows (13.18 %), plantations (12.41 %), riverbanks (6.03 %) and savannah (1.69 %).
From the point of view of the perceived abundance of this multiple-use plant resource, most of the respondents
found bamboo (O. alpina) to be scarce or scarce regardless of the type of habitat considered. In fact, 80 % of
respondents perceive that bamboo groves (O. alpina) are in decline, while 15 % mention the stability of these groves
and, on the other hand, 5 % perceive that bamboo groves (O. alpina) are in a progressive dynamic in the study area
(Figure 9).

Progress

Dynamic

0 10 20 30 40 50 60 70 80 90

Percentage

Figure 9. Spatio-temporal evolution of bamboo groves (O. alping) in Lubero cool highlands region according to
respondents.

The AIC indicates that model 3 (null model) is the minimum adequate model (Table 3). Table 4 shows that neither
location (village of residence) nor ownership status influences an individual's perception of the spatio-temporal
evolution of bamboo groves (O. alpina). Thus, Figure 10 shows that the probability of perceiving a regressive
evolution of bamboo groves (O. alpina) is about 100 % regardless of ownership status on the one hand, and at least
70 % regardless of the village considered.
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Table 3. Comparison of models of the determinism of local people's perceptions of the spatio-temporal evolution
of bamboo groves (O. alpina) in Lubero cool highlands region

Models Main effects Interactive effects df AIC

rego0 Village; Ownership status Village n Ownership status 8 65.48146
regol Village; Ownership status - 5 61.47991
rego2 Ownership status - 2 57.87183
rego3 - - 1 55.98417

Table 4. Effect of ownership status and village on the spatio-temporal evolution of bamboo groves (O. alpina) in
Lubero cool highlands region

Coefficient Std error z value Pr (>|z|)
Progression|Stability -1.2926 0.8129 -1.59 -
Lubango -0.5197 1.0713 -0.485 0.628
Luotu 0.3650 1.1040 0.331 0.741
Masereka -0.9744 0.9856 -0.989 0.323
Owner.status 0.3361 0.7111 0473 0.636
A 1.001 T T - B 1.004 -
0.754 o 0.754 o)
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o) | 8 23
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Figure 10. Comparison of the perception of the spatio-temporal evolution of bamboo groves (O. alpina)
according to A) the ownership status and B) the village of the respondent.

The LCPI is not significantly different between the surveyed villages (LCPI=18), except for Magheria whose LCPI (22)
is significantly different and higher than those of the other four villages (Figure 11). With all LCPI values above 15,
this suggests that bamboo (O. alpina) is under heavy use pressure and that its availability is critical in the study area.
The situation is even more worrying in Magheria where the index is very close to the maximum value (30).
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Figure 11. Local Conservation Priority Index of O. alpina per surveyed village. The red line indicates the threshold
at which the species can be considered a conservation priority.

Discussion

Uses and ownership status of O. alpina

The results of this study reveal that people in Lubero cool highlands region are familiar with O. alpina and use it
extensively for several purposes. This confirms the conclusion of Badjaré et al (2018) that the use of a plant resource
requires knowledge about it. The accumulation curve of the use domains of O. alpina has reached the asymptote.
It can be deduced from this that all the information on the uses of O. alpinawas collected from the people surveyed
in the study area. The ethnobotanical surveys identified several uses of O. ajpina grouped into seven main categories
of use: food, worship, medicinal, agronomic, craft, construction and energy. These multiple uses of O. alpina are
mentioned by several studies conducted in different mountainous regions of Africa (Oyicha 1997, Mekuriaw et al
2011, Guadie et al 2019). Indeed, the use of O. alpina as firewood and as construction material for dwellings and
fences is reported by Bitariho and Mosango (2005) among the riparian populations of Bwindi and Mgahinga
National Parks in southwestern Uganda. Gebrekidan et al (2018) and Bahru et al. (2021) also report the consumption
of O. alpina saplings as a food supplement in some mountainous regions of Ethiopia. The same authors also report
the use of O. alpina as firewood and as material for beehives, house construction and fences. The use of O. alpina
in the traditional treatment of several diseases is also reported by Munyuli Bin Mushambanyi (2001), Byabashaija
(2004) and Woldetensay (2014), respectively in DR Congo, Uganda and Ethiopia. Furthermore, some studies point
to the use of O. alpina in religious rituals of some human communities in highland areas (Tamang et al 2014).
However, some uses of O. alpina not inventoried in the study area are mentioned by several other studies. These
include, for example, flooring (Guadie et al 2019), livestock feed (fodder) (Gebrekidan et al 2018), toothpick making
(Sigu 1991, Tamang et al. 2014), fishing rods (Tamang et al 2014), household utensils (Guadie et al 2019, Bahru et
al. 2021), charcoal briquettes and paper (Gebrekidan et a/. 2018). All these forms of use of O. alpina that were not
recorded among the respondents in the study area can be explained by the fact that the use of a plant resource
depends not only on the utility sought by the population, but also on the endogenous knowledge related to the
use of this plant resource (Dossou et al. 2012, Ouattara et al 2021).

Although knowledge about the use of O. alpinais evenly distributed among the populations of the study area, the
relative frequency of each of the seven categories of use identified is diverse depending on the locality of origin of
the respondents. Indeed, as multiple as the uses of O. alpina may be in Lubero cool highlands region, there is a
tendency for demand to be oriented towards a given form of use according to the villages. The use of O. alpina for
food is more pronounced in Lubango and Masereka than in the other three villages investigated. On the other hand,
the uses of this species in construction and in agriculture are more mentioned in Luotu and Kipese respectively.
This strong tendency towards agronomic uses of O. alpina observed in Kipese corroborates the findings of Vyakuno
(2006) and Kambale Ndavaro et al (2021) who mention this village as the largest focus of agricultural production
in the study area.

In addition, for the different demands on O. alpina, six organs of this species are used by the population in the
study area. The stubble, at all stages of development (young stubble, mature stubble and old stubble) is the most
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used, with a frequency of use of about 60 %. This result is in line with other studies (Sigu 1991, Bitariho & Mosango
2005, Hunde et al 2010, Tamang et al 2014, Bahru et al 2021) that mention the culm as the organ most involved
in the different types of use of O. alpina. The same finding was observed by Honfo et al (2015), in Benin, regarding
the use value of organs of three different other bamboo species, namely: Oxytenanthera abyssinica (A. Rich.) Munro,
Bambusa vulgaris Schrad. ex J.C. Wendl. and Dendrocalamus asper (Schult. & Schult. f.) Backer ex K. Heyne. In the
same vein, a recent study by Dje Bi et al (2020) indicates thatch as the organ of B. vulgaris most valued by the
populations of the Azaguié sub-prefecture in south-eastern Ivory Coast. In any case, this suggests that this organ
(thatch) would be the purpose of conservation and private plantations of O. alpina in different mountainous areas
of Africa. Also, the binary regression revealed that only the main activity is likely to influence the ownership status
of bamboo groves (O. alpina) in the study area. To this end, the most parsimonious model showed that herders are
the ones who in most cases own bamboo groves (O. alpina) in the study area. This finding points out a competition
pattern for space between agriculture and owning bamboo grove in one hand and a mutualistic pattern between
animal husbandry and owning bamboo grove in the other hand. Indeed, people whose main income is based on
agriculture need more space to expand their farm for more production and they are not willing to allocate space
for bamboo plantation. At opposite, bamboo groves offer shade and forage to animals, so breeder find it a good
idea to plant bamboo.

Spatio-temporal dynamics of bamboo groves (O. alpina)

The results of the surveys showed that, for the populations of the study area (80 % of the interviewees), the bamboo
groves (O. alpina) are in a regressive spatio-temporal dynamic rather than progressive or even stable. This peasant
perception confirms the results of forest inventories carried out by Masinda et al. (2017) which highlight a regressive
dynamic of O. alpina which, until 2011, colonised more than half of the Mount Tshiabirimu forest, in the North-East
of Lubero cool highlands region. Furthermore, regardless of the ownership status of bamboo groves (O. alpina), the
probability of perceiving a regressive trend is 100 %, on the one hand, and at least 70 % regardless of the village
considered. These results corroborate the conclusions of Kambale Ndavaro et al (2021), who report a severe
degradation of the forest landscape of Lubero cool highlands region, characterised by an estimated net loss of 70.4
% of forest between 1987 and 2019. In this overall context, the regressive dynamics of O. alpina in the study area
can be explained by the fact that the degradation of a forest landscape affects all the natural resources it contains
(Toko et al 2013). It leads, in particular, to the decrease of some important plant species useful for human
communities, the rarefaction of large fauna and the impoverishment of soils (Sambieni et al 2015). This
concordance of people's perceptions and the results of scientific studies based on satellite remote sensing and
Geographic Information Systems (GIS) reveals the relevance of exploring local knowledge on the evolution of
natural resources within a degraded landscape.

On the other hand, the regressive dynamics of the bamboo groves (O. alpina) perceived by the populations of the
study area could be linked to the multiple solicitations of this plant resource for different uses. Indeed, many
authors, such as Traoré et al (2011) and Ouattara et al (2021), have demonstrated that the demands made on a
species and the nature of the organs harvested provide information on its vulnerability. Indeed, these authors
indicate that the abundant exploitation of certain plant species whose fruits are harvested in the green state and
whose seeds are consumed or used for purposes other than reproduction would lead to the progressive decline of
these species as a result of the problem of dissemination. These conclusions could apply to O. alpina, which in only
a few cases is able to flower every year. Indeed, like several other bamboo species, it takes 30 and even 80 years for
O. alpina to start forming flowers (Chao Chi-son & Renvoize 1989; Schmidt et a/, 2013). Fournier and Millogo-
Rasolodimby (2007) point out that the harvesting of vegetation for human use is a threat to species and
environments, as the overexploitation of natural resources makes their sustainability precarious.

Implications for the conservation of O. alpina

The present study provides scientific evidence of the degree of threat (LCPI > 15) to which O. alpina is subjected in
Lubero cool highlands region. This could be a very necessary step towards a general awareness among actors at
various levels of the status and urgency of conservation of this plant species, whose disappearance would
undoubtedly lead to an enormous imbalance in the ecosystem services enjoyed by local populations. Moreover, the
complete disappearance of this species in the study area would be a real ecological disaster. It would lead to the
deterioration of the conservation status of the biodiversity that necessarily depends on this upland bamboo,
especially the mountain gorillas (Gorilla beringei graueri Matschie), which not only have bamboo groves (O. alpina)
as their preferred habitat, but also feed on its young shoots (Figure 12) (Masinda et al 2017, Kyungu Kasolene 2019,
Kamabale Ndavaro et al 2021). And if nothing is done in the shortest possible time, the current population growth
in the study area is likely to exacerbate this alarming environmental problem (Vyakuno 2006, Kyungu Kasolene



Ethnobotany Research and Applications 15

2019). The results of this study also show that local people are aware of the level of threat to O. alpina, which they
use to meet various socio-economic and cultural needs. This can therefore be a steppingstone for the success of
any participatory initiative involving these populations in the conservation of the species.

ik A @Al .‘;.‘A“ b /§ "‘1' S — _— - 4
Figure 12. View of: (a) a bamboo grove (O. alpina) and (b) a mountain gorilla (G. beringei graueri) eating a young
bamboo shoot. Pictures of Kambale Ndavaro (2021) and Cimbembe and Mangambu (2014).

Conclusions

This study highlights the different uses made of bamboo (O. alpina) and the implications for its conservation in
Lubero cool highlands region. It shows that the organs used are taken from wild populations of this species. This
has led to a regressive trend in the spatio-temporal dynamics of bamboo (O. alpina) in the study area. The Local
Conservation Priority Index indicates that this species is in a vulnerable state in the face of threats and therefore
conservation actions should be considered. Thus, we advocate the promotion of the cultivation of this plant which
is of great socio-economic and cultural importance for the populations of Lubero cool highlands region, in order
to reduce the pressure on the groves of wild bamboo (O. alpina) populations.
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