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Abstract: This study was conducted among local communities bordering the Mahimborondro Protected Area (PA). This ethnobotanical
research aimed to document woody forest resources harvested by local populations. The methodology combined semi-structured surveys
using a predefined questionnaire with residents of two villages, Bealanana and Beandrarezona, and a floristic inventory to assess resource
availability. Respondents were questioned about their livelihoods, particularly their relationships with forest resources. During floristic
inventory, four growth parameters were measured: density, basal area, biovolume, and regeneration rate. The surveys identified 39 useful
plant species, including three threatened species: Breonia madagascariensis, Cryptocarya vaccinioides, and Prunus africana. The uses
identified were as follows: house construction, utensil manufacturing, transportation and agricultural tools, fuelwood, traditional
medicine, and fencing. By applying Lance et al. (1994) formula, we identified eight most frequently used species: Erythroxylum
nitidilum, Ocotea laevis, Cryptocarya vaccinioides, Erythroxylum sphaeranthum, Brachylaena merana, Eugenia emirnensis, Prunus
africana, and Pittosporum verticillatum. Analysis of diameter classes revealed a significantly higher density for trees with a diameter ]0.20
to 0.30 m], which decreased for larger classes. In contrast, basal area and biovolume showed lower values for diameter ]0.10 - 0.40 m],
and higher values for trees with a diameter ]0.40 m|[. However, the stands of these species mostly exhibited a very good state of natural
regeneration, indicating active resource renewal. For sustainable use, any conservation plan for the Mahimborondro Protected Area must
integrate the needs and traditional knowledge of local populations regarding these forest resources. Its sustainable management is
essential to reconcile biodiversity conservation with community well-being.

Keywords: Ethnobotany, Forest Resources, Mahimborondro, Sustainable management, Protected Area.

1. Introduction

Wood is vital to the world economy and human communities everywhere, but the pressures of human development and
the growing demand for wood are contributing to the degradation of natural forests worldwide, creating a dilemma over future
supplies (Ramage et al., 2017). Although wood is a highly prized commodity, the economics of its production have always been
problematic. Unlike conventional agriculture, it is usually cheaper to harvest trees from the wild than to plant for harvest, and this
is often accomplished by clear cutting with little regard for the success of regeneration and other environmental consequences.
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Unfortunately, most of the world’s wood is still harvested this way, especially in developing countries (Mallik & Rahman, 1994;
Ramage et al., 2017, Sarker et al., 2011).

In Madagascar and as in many other developing and/or hotspot countries, secondary forests have become a major feature
of many forest landscapes (Chokkalingam et al., 2001; Raik, 2007; Schroeder et al., 2010; Razafintsalama et al., 2014). To help to
reduce the harvest pressures within primary forests, it is necessary to bring wood consumption in secondary forests or in corridors
between protected areas into line with the level of sustainable supply (Fenning & Gershenzon, 2002; Fredericksen & Pena-Claros,
2007; Wilde ef al., 2012). This can be achieved by either increasing production, or by reducing consumption, or both. However, in
Madagascar, given the increasing demand for wood, the implications of trying to reduce it need to be considered carefully.

Confronted with rapid forest degradation, Madagascar has adopted approaches aimed at reconciling biodiversity
conservation, the use of natural resources, and local development. This entails the empowerment of local communities. One of the
most significant of these approaches is the Contractual Management of State Forests (Gestion Contractualisée des Foréts de I'Etat -
GCF), established by Decree No. 2001-122, which enables the transfer of management rights to Local Communities (COBAs). This
system is founded on a contract between the state, represented by the forestry administration, and the local community.

Specifically, the majority of the bordering population is heavily dependent on woody forest products for their daily
subsistence and socio-economic activities. On one part, the selective harvesting of the highest-quality timber is believed to be the
cause of the rapid depletion of certain resources compared to others (Ramamonjison et al., 2003). On the other hand, illegal logging
also persists in the area (Association Reniala, 2014).

Actually, The Peregrine Fund and 4 local communities, which are co-manager of MPA in Beandrarezona, are wondering
about the sustainability of wood resources within their part of Mahimborondro forest and are planning to restore the most vulnerable
species. However, the most vulnerable plant species aren’t yet identified. In order to elaborate and implement a management plan
for these resources, the current study focused on "The Use of Woody Resources within the Mahimborondro Protected Area" was
conducted. Its main objective is to provide a tool and data for establishing a sustainable management plan for the site's woody
resources. The specific objectives are to (1) determine the vascular plants existed therein and used by the neighboring communities
for their daily life, (2) evaluate the current stock of wood within the forest. These basic data will be used as tools for a more
sustainable use, better conservation and valorization of this part of Mahimborondro forest.

2. Methods
2.1. Study area

Mahimborondro forest is located in northern highland of Madagascar, in Sofia region, between Bealanana and Ambanja
districts. It is between latitudes S14°10' and S14°30' and longitudes E048°35' and E049°00' (Figure 1). Historically, this area was
part of the Classified Forest of Sandrakota (Arrété N°1555/MAER/DG/PRO/FOR of 14/ April, 14" 1967). However,
Mahimborondro obtained its definitive status as a Protected Area through Decree No. 2015-782 on April, 28th 2015.This decree
classified it as a Natural Resources Reserve (Réserve des Ressources Naturelles - RRN), equivalent to IUCN Category VI.
According to the World Database on Protected Areas (WDPA), the Mahimborondro Protected Area has the WDPA ID 55569705.
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Figure 1: Map showing the location of Mahimborondro Protected Area

Mahimborondro PA is managed by The Peregrine Fund and local communities. It is a terrestrial protected area covering a
total surface area of 751.62 km?. As the manager mentioned, the main threat is the forest products exploitation for commercial and
domestic purposes (Goodman et al., 2018). The present investigation was conducted in the relatively intact forest of Ambalatanihely
and the degraded forest of Andohan'Amberivery. This area is co-managed with 4 local associations in Beandrarezona to ensure the
sustainable supply of wood for local people and involve them in managing their natural resources (Hernandez, 2019).

2.2. Interviews

Semi-structured oral interviews (Adams, 2015) were performed with local people living in Bealanana and and
Beandrarezona in order to identify all vascular plants collected from Mahimborondro Protected Area for: (1) House construction,
(2) utensil, transportation and agricultural tools, (3) source of Fuel/Energy (as charcoal and dead wood), (4) carpentering, (5)
medicinal use and (6) fence. Bealanana district was selected as the primary survey site due to its role as a commercial hub for forest
products. Beandrarezona was also chosen as the study area because it is the estimated forest source for approximately 80% of the
wood traded in the Bealanana market (Hernandez, 2019). We adopted a semi-structured interview, which is a type of interview
conducting with few predetermined questions while the rest of the questions are not planned in advance (Adams, 2015; Albuquerque
et al., 2019). Adults over 18-year-old were selected for the survey. Interviews specifically targeted households that reported using
woody forest products from Mahimborondro, encompassing professions such as carpenters and sawyers, as well as other resource
users, local authorities and traditional authorities.
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2.3. Target plant species selection

To evaluate the current stock of woody plants in the Beandrarezona forest area, a forest inventory was conducted, focusing
on species which have a high socio-economic and ecological relevance. The selection of these target species was guided by the
following two criteria:

e  Utilization Frequency: Plant species exhibiting a high frequency of use, as quantified by the established formula of Lance
et al. (1994), were designated as target species. This criterion ensures the assessment focuses on resources critical for local
livelihoods.

e  Conservation Status: Following taxonomic identification, the conservation status of all utilized species was verified against
the [UCN Red List. Any species categorized as threatened was immediately classified as a priority for preservation actions
within the management framework.

2.4. Forest inventory

Systematic sampling design (systematic line transect) was adopted to facilitate the census of target plants. The species
inventory was conducted within a 5-meter-wide belt on either side of the transect line. Target species with a Diameter at Breast
Height (DBH) of less than 10 cm were recorded, while those with a DBH greater than or equal to 10 cm were measured to determine
their height and DBH (Christopher & Chuckran, 2017). A total of 21 transects were established in the study area.

The floristic parameters considered in this study are as follows:

e Number of stems per individual of each target species

e Diameter at Breast Height (DBH) and maximum height (Hm) for individuals with DBH > 10 cm
e Vernacular name and scientific name

2.5. Evaluation of recorded species

We evaluated each cited species based on its utilization frequency by applying the formula established by Lance et al.
(1994). This formula is calculated as the ratio between the number of informants who cited a given species and the total number of
informants. A species is classified as having a High Utilization Frequency when its frequency is greater than 75%, indicating that
the species is widely known and used by the local population. Conversely, a species is classified as having a Low Utilization
Frequency when its frequency is less than 25%, reflecting its lesser importance in local practices.

2.6. Quantitative and ecological data analysis

This analysis was mainly based on the estimation of four ecological parameters as stand density index, biovolume, basal
area and regeneration rate of target species.

This stand density index (SDI), based on the ratio between number of trees per unit area and their average diameter, is premised on
the characteristic distribution of tree sizes in even-aged stands (Reineke, 1933; Dean ef al., 2020). As such, for this study, the living
trees with dbh > 10 cm in all plots were classified into five intervals by 0.10 m: [0.10 — 0.20 m], ]0.20 — 0.30 m], ]0.30 — 0.40 m]
and > 0.40 m and the average density was extrapolated for a hectare, according to the formula D = n/S where D: density (in trees/ha);
n: number of trees present on the surface considered and S: sampled area (m?) (Richard et al., 2016). Therefore, this SDI can be
used to define the degree of crowding within stocked areas, using various growing space ratios based on crown length or diameter,
tree height or diameter, and spacing (Reineke, 1933). It is usually correlated with stand volume and growth (Avery & Harold, 2002).

Biovolume is a cubic measure of the amount of wood present in an individual tree, group of trees, or stand within unit area (Adekunle
& Olagoke, 2008). It makes it possible to estimate the wood potential of the specific forest (Dawkins, 1959). In this study, as in the
stand density index, the biovolume in all plots was classified into five dbh intervals by 0.10 m, from 0.10 m to > 0.40 m and was
expressed in m*/ha. In the humid forests of Madagascar, Eduard et al. (2000) classified this biovolume into three categories:

High  : Biovolume > 250 m?ha

Average: Biovolume 50 m3/ha to 250 m>/ha
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Low :Biovolume < 50 m*ha

Basal area (m*/ha) of a tree corresponds to the area occupied by the tree trunk at the level of the DBH. It is given by the formula:
Basal area = dbh? x 0.25 x 9 (Dawkins, 1959). It can be calculated at the stand level as at the species level. In this study, the basal
area was calculated at the species level according to the dbh interval by ever 0.05 m [0.10 — 0.20 m], ]0.20 — 0.25 m], ]0.25 - 0.30
m] or 0.10 m ]J0.30 — 0.40 m] and > 0.40 m.

Regeneration rate is fundamental for determining whether current harvesting levels are sustainable or if specific conservation
measures (such as assisted natural regeneration or enrichment planting) are needed for vulnerable species. It is expressed as the
ratio of the number of regenerated individuals (i.e., those with a Diameter at Breast Height, DBH, less than 10 cm) to the number
of seed-bearing individuals (those with a DBH equal to or greater than 10 cm). We also adopted the scale of Rothe (1964) to
visualize the overall regeneration status of the target species' stands:

e TR <100% : poor regeneration;

e 100% <TR <300% : moderate regeneration;
e  300% < TR <900% : good regeneration;

e TR >900% : very good regeneration.
3. Results

3.1. Profile of vascular plant users at Mahimborondro

Interviews are consisted of a total of 53 individuals. All were direct users of the natural resources within the Mahimborondro
Protected Area. The cohort was predominantly male, representing 94% (n = 50) of the sample. The ages of the informants ranged
from 25 to 65 years, with the 35-45 age group constituting the majority (n = 33). Furthermore, most participants were farmers (n =
35) and belonged to Tsimihety ethnic group.

3.2. Species utilization and their conservation status

This study documented 39 vascular plant species used by local communities surrounding the Mahimborondro Protected Area for
construction and domestic purposes. Interviews revealed that house construction (24 species) and furniture making (18 species)
accounted for the highest diversity of species used, while medicinal applications utilized the fewest (4 species) (Annex 1). The
number of species used for other purposes—including tools (utensils, transportation, and agricultural implements; 7 species),
fuelwood and charcoal production (9 species), and fencing (5 species)—was comparatively similar.

The survey results indicated a considerable variation in the frequency of use for useful species, ranging from 9% to 75%. Among
these, Pittosporum verticillatum was identified as the most widely recognized and preferred species, while Suregada sp. was the
least utilized. By applying Lance ef al. (1994) formula, the eight most frequently used species are listed below (Table 1).

Table 1: The eight tree species with the highest frequency of use by local people

Family Scientific name Malagasy name IS[tJa(t:i g;;giiﬁg;
ERYTHROXYLACEAE Erythroxylum nitidilum Nofotrakoho 62%
LAURACEAE Ocotea laevis Tafononana NT 62%
LAURACEAE Cryptocarya vaccinioides Tavolo EN 63%
ERYTHROXYLACEAE Erythroxylum sphaeranthum Menahihy LC 65%
ASTERACEAE Brachylaena merana Piro 67%
MYRTACEAE Eugenia emirnensis Rotry LC 74%,
ROSACEAE Prunus africana Hoditra VU 74%,
PITTOSPORACEAE Pittosporum verticillatum Maimbovitsika LC 75%
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Of particular conservation concern, we recorded three threatened plant species: Breonia tsaratananensis (EN), Cryptocarya
vaccinioides (EN), and Prunus africana (VU) (IUCN, 2025-1). The interview results shows that two of these species, Breonia
tsaratananensis and Cryptocarya vaccinioides, are collected as materiel to building house and making furniture. The third, Prunus
africana, is exploited for phytotherapeutic purposes.

3.3. Density, basal area and biovolume of target trees

The growth parameters, density, basal area, and biovolume at our study site exhibited distinct distribution patterns. Density was
significantly higher for trees with a DBH between 0.20 and 0.30 m, then decreased for larger diameter classes (Figure la). In
contrast, basal area and biovolume displayed much lower values for DBH classes between 0.10 m and 0.40 m, and higher values
for larger trees (DBH > 0.40 m) (Figures 2b, 2c¢).

a) Density (ind. / ha) b) M Basal surface(m3 / ha)

Ex
I 9.979 I | 4.404 | ‘ 6.246 h

[0,10-0,20] ]0,20-0,30] ]0,30-0,40]  >0,40 [0,10-0,20] ]0,20-0,30] ]0,30-0,40] ~ >0,40

C) M Biovolume (m3 / ha)

| 44.185 | | 35.413 | | 27.618 |

[0,10-0,20] ]0,20-0,30] 10,30-0,40] >0,40

Figure 2. Distribution of tree parameters across diameter classes
3.4. Regeneration of target trees

Table 2 below shows the regeneration rates for the eight target species. Following the conducted floristic census, the regeneration
rates vary among species, with values ranging from 14.44% for Prunus africana, indicating very poor recruitment of young plants,
up to 1373.63% for Pittosporum verticillatum, which reflects very good regeneration. From an overall perspective, most species
exhibit very good regeneration.
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Table 2: Overview of stand regeneration status for the target species.

Scientific name TR (%) Regeneration status
Erythroxylum nitidilum 1050.72 | Very good regeneration
Ocotea laevis 101.43 | Moderate regeneration
Cryptocarya vaccinioides 1023.33 | Very good regeneration
Erythroxylum sphaeranthum 1210.92 | Very good regeneration
Brachylaena merana 294.23 | Moderate regeneration
Eugenia emirnensis 82.47 | Low regeneration
Prunus africana 14.44 | Low regeneration
Pittosporum verticillatum 1373.63 | Very good regeneration
4. Discussion

4.1. Sustainable uses of plant species in Mahimborondro

Timber for construction is one of the many forest products used around the world (Ramage et al., 2017). In
Mahimborondro, as in many other tropical forests (Van et al., 2018), the increasing demand for timber as building materials made
the highest rate of tree species used for house construction and furniture-making. As confirmed Hernandez (2019), some timbers
collected from Mahimborondro were also transported to and frequently used to supply the neighboring town located at about 120
km from Bealanana such as Antsohihy.

Worldwide, about 80 % of people in developing countries are totally dependent on herbal drugs for their primary healthcare
(Chen et al., 2016; Van Wyk & Prinsloo, 2018) and the use of medicinal plants can be considered as threat to biodiversity in many
tropics (Van Wyk & Prinsloo, 2018). Yet, in many regions of Madagascar, contrarily to the deforestation (Vieilledent et al., 2018),
the impacts of this traditional use of medicinal plants are not a big concern to forest ecosystems (Norscia & Borgognini-Tarli, 2006;
Onjalalaina et al., 2021). In this study, amongst others plant species utilizations, medicinal uses were less recorded. However,
further study will be required to get more exhaustive results, especially for those medicinal species (as Prunus africana) that are
internationally traded (Neimark, 2010; Cunningham et al., 2016).

While the other uses of vascular plants such as for charcoal making (Vezina ef al., 2020), utensil, transportation
and agricultural tools and fence (Randrianarivony ef al., 2016) can make a non-neglecting environmental effects, this study would
suggest that the impacts of these uses in Mahimborondro might probably be less severe. The continuous technical supports to the
members of the local association “Zalahibe” in community-based forest management by The Peregrine Fund may have a significant
positive conservation impact. The record of seven threatened species within very limited survey period and surface (from only ten
transects) would support this hypothesis. The peregrine Fund has several year experiences in the community-based capacity
strengthening for the sustainable management of natural resources (Rabearivony et al., 2008).

4.2. Density and biovolume as growth parameters

In Mahimborondro, according to Hernandez (2019), the low density and biovolume at the dbh [0.10 — 0.20 m] and > 0.40
m may reflect the level of tree species utilization within those intervals. Accordingly, in this study, most of vascular plant species
used for house construction fall within dbh [0.10 — 0.20 m] and made up a total to 20 species, while those used for furniture-making
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within dbh > 0.40 m and in total 17 species. For these dbh intervals, management of growth parameters such as density and
biovolume is required to ensure that studied stands have several individuals of future to ensure the regeneration. This can be
achieved by setting much appropriate harvesting quotas for each extracted species and investing in low-impact harvest methods
(Torres-Rojo et al., 2016). However, in Madagascar as worldwide, these slow-growing natural forests are unable to meet current
demand (Fenning & Gershenzon, 2002); and planting fast growing exotic species in the peripheral zone of protected area is needed
to supply the bulk of humanity’s wood needs on a long-term basis. For this purpose, reforestation undertaken by The Peregrine
Fund - Madagascar Project has involved in peripheral zone of Mahimborondro Protected Area.

4.3. Basal area as a tool for estimating site productivity

Despite harvesting impacts in some dbh classes, Mahimborondro forest still had a high potentiality in wooden plants, as
showed its total basal area of 102 m? / ha. This value is much higher than those of other humid forests in Madagascar, as in Amber
Forest of 51 — 60 m? / ha, northern Madagascar (Randimbiarison, 2014).

In each dbh class, the high basal area of tree species commonly used by local population supported the site productivity in
Mahimborondro: Erythroxylum sphaeranthum and Erythroxylum nitidilum for the dbh [0.10 — 0.20 m], Garcinia verrucosa and
Macaranga sp. for the dbh ]10.20 — 0.25 m], Eugenia emirnensis for the dbh 10.25 — 0.30 m], Eugenia sp. and Ocotea laevis for the
dbh ]0.30 — 0.40 m] and Cryptocarya vaccinoides for the dbh > 0.40 m. Furthermore, the presence of threatened species confirmed
the conservation value of the Mahimborondro site.

5. Conclusion

This study on the use of vascular plants in the Mahimborondro zone represents pioneering ethnobotanical research in this remote
area of Madagascar. The investigations identified the diverse uses of vascular plants for the local communities of the
Mahimborondro Protected Area, which are integrated into numerous aspects of their daily lives. These uses include house
construction, tool and utensil fabrication, transportation and agricultural implements, firewood and supplies, as well as needs for
traditional medicine and fence building. This finding suggests that any conservation plan for the Mahimborondro Protected Area
must incorporate the needs and knowledge of local populations regarding these resources. The sustainable management of these
resources is essential to reconcile biodiversity conservation with community well-being.

Acknowledgement

We would like to extend our sincere gratitude to all those who contributed to the realization of this work. Special thanks are due to
the field staff of The Peregrine Fund project working in the Mahimborondro Protected Area for their invaluable support during the
fieldwork. We are also profoundly grateful to the members of the local communities, who welcomed us with generosity and agreed
to share their way of life with us.

References

[1]. Adams, W. C. 2015. Conducting semi-structured interviews. In Handbook of practical program evaluation, eds. Newcomer, K.
E., Hatry, H. P. & Wholey, J. S., pp 492-505. Fourth Edition, Jossey-Bass, A Wiley Imprint.

[2]. Adekunle, V. A. J. & Olagoke, A. O. 2008. Diversity and biovolume of tree species in natural forest ecosystem in the bitumen-
producing area of ondo state, Nigeria: a baseline study. Biodiversity and Conservation, 17: 2735 — 2755.

[3]. Albuquerque, U. P., Nascimento, A. L. B., Soldati, G. T., Feitosa, I. S., Campos, J. L. A., Hurrell, J. A., Hanazaki, N., de
Medeiros, P. M., da Silva, R. R. V., Ludwinsky, R. H., Jinior, W. S. F. & Reyes-Garcia, V. 2019. Ten important
questions/issues for ethnobotanical research. Acta Botanica Brasilica, 33: 376-385.

[4]. Avery, T. E. & Harold, B. 2002. Forest Measurements 5th edition. Virginia Polytechnic Institute and State University,
Waveland Press, Long Grove Illinois.

[5]. Chen, S. -L., Yu, H., Luo, H.-M., Wu, Q., Li, C. -F. & Steinmetz, A. 2016. Conservation and sustainable use of medicinal
plants: problems, progress, and prospects. Chinese Medicine, 11: 1-10.

Vol. 53 No. 2 November 2025 ISSN: 2509-0119 376



International Journal of Progressive Sciences and Technologies (IJPSAT) SCHOLAR Al
ISSN: 2509-0119. ?
© 2025 Scholar AI LLC.

IJPSAT https://ijpsat.org/ Vol. 53 No. 2 November 2025, pp. 369-380

55N:2509-0119

[6]. Christopher, A., & Chuckran, R. (2017). Standard protocols for forest structure assessment. Journal of Applied Ecology, 54(3),
123-145.

[7]. Chokkalingam, U., Smith, J. & de Jong, W. 2001. A conceptual framework for the assessment of tropical secondary forest
dynamics and sustainable development potential in Asia. Journal of Tropical Forest Science, 13: 577 — 600.

[8]. Cunningham, A., Anoncho, V. F. & Sunderland, T. 2016. Power, policy and the Prunus africana bark trade, 1972-2015. Journal
of Ethnopharmacology, 178 :) 323 — 333.

[9]. Dawkins A.C. (1959). The management of natural tropical high-forest, with special reference to Uganda. Commonwealth
forestry, Institute University of Oxford. England. 155p. FAO, 2001 — State of the world's forests. F A O. Rome.

[10].  Dean, T. J.,, D’Amato, A. W, Palik, B. J., Battaglia, M. A. & Harrington, C. A. 2020. A Direct Measure of stand density
based on stand growth. Forest Science, 67: 103 - 115.

[11].  Eduard, N., Ramamonjisoa, B., Roger, E., Rabarison, H. & Raharison, R. 2000. Etude sur la politique de conservation des
ressources forestiéres 8 Madagascar. Conservation International et Direction Générales des Eaux et Foréts de Madagascar. 25p.

[12].  Fenning, T. M. & Gershenzon, J. 2002. Where will the wood come from? Plantation forests and the role of biotechnology.
Trends in Biotechnology, 20: 291 — 296.

[13].  Fredericksen, T. S. & Pena-Claros, M. 2007. Protected reserves within tropical forests managed for timber production:
Recommendations using Bolivia as a case study. International Forestry Revew, 9: 835 — 841.

[14].  Goodman, S. M. & Wohlhauser, S. 2018. Introduction to Part II. In The terrestrial protected areas of Madagascar: Their
history, description, and biota, eds. S. M. Goodman, M. J. Raherilalao & S. Wohlhauser, pp. 676-687. Association Vahatra,
Antananarivo.

[15]. TUCN, 2022. The IUCN Red list of Threatened Species. <http://www.iucnredlist.org>. Accessed 05 October 2023.

[16]. Lance, A. N., Catling, P. C., & Wann, J. 1994. A review of habitat-related issues affecting the sustainability of forestry in
New South Wales. State Forests of New South Wales.

[17].  Mallik, A. U. & Rahman, H. 1994. Community forestry in developed and developing countries: A comparative study. The
Forestry Chronicle, 70 : 737 — 735.

[18].  Neimark, B. 2010. Subverting Regulatory Protection of ‘Natural Commodities’: The Prunus africana in Madagascar.
Development and Change, 41: 929 - 954.

[19].  Norscia, I. & Borgognini-Tarli, S. M. 2006. Ethnobotanical reputation of plant species from two forests of Madagascar: A
preliminary investigation. South African Journal of Botany, 72: 656 — 660.

[20]. Onjalalaina, G. E., Sattler, C., Razafindravao, M. B., Wanga, V. O., Mkala, E. M., Mwihaki, J. K., Ramananirina, B. M.
R., Jeannoda, V. H. & Hu, G. 2021. Ethnobotanical survey in Tampolo Forest (Fenoarivo Atsinanana, Northeastern
Madagascar). Forests, 12: 2 —24.

[21].  Rabearivony, J., Fanameha, E., Mampiandra, J. & Thorstrom, R. 2008. Taboos and social contracts: Tools for ecosystem
management — lessons from the Manambolomaty Lakes RAMSAR site, western Madagascar. Madagascar Conservation &
Development, 3: 7 — 16.

[22].  Raik, D. 2007. Forest management in Madagascar: An historical overview. Madagascar Conservation & Development, 2 :
5-10.

[23]. Ramage, M. H., Burridge, H., Busse-Wicher, M., Fereday, G., Reynolds, T., Shah, D. U., Wu, G., Yu, L., Fleming, P.,
Densley-Tingley, D., Allwood, J., Dupree, P., Linden, P. F. & Scherman, O. 2017. The wood from the trees: The use of timber
in construction. Renewable and Sustainable Energy Reviews, 68 : 333 — 359.

Vol. 53 No. 2 November 2025 ISSN: 2509-0119 377



International Journal of Progressive Sciences and Technologies (IJPSAT) SCHOLAR Al
ISSN: 2509-0119. ?
© 2025 Scholar AI LLC.

IJPSAT https://ijpsat.org/ Vol. 53 No. 2 November 2025, pp. 369-380

55N:2509-0119

[24]. Ramamonjisoa, B. S., Hemma, P., & Tasse, M. 2003. Analyse économique de la gestion des ressources forestiéres
naturelles @ Madagascar : cas de la forét d’Ambohilero (Fianarantsoa). [Economic analysis of natural forest resource
management in Madagascar: case of the Ambohilero forest (Fianarantsoa)]. Cahiers d’Outre-Mer, 56 (223) : 323-342.

[25]. Randimbiarison, C. H. 2014. Analyses structurale et floristique de la végétation sur coulées de lave de la montagne
d’Ambre (Région DIANA). Mémoire pour I’obtention du Dipléme d’Etude Approfondies (DEA). Université d’ Antananarivo,
Antananarivo. pp. 1-128.

[26].  Randrianarivony, T. N., Andriamihajarivo, T. H., Ramarosandratana, A. V., Rakotoarivony, F., Jeannoda, V. H., Kuhlman,
A. Randrianasolo, A. & Bussmann, R. 2016. Value of useful goods and ecosystem services from Agnalavelo sacred forest and
their relationships with forest conservation. Madagascar Conservation & Development, 11 : 44 — 51.

[27].  Razafintsalama, V., Ramananantoandro, T., Belloncle, C., Rajoelison, G. L. & Sorg, J.-P. 2014. Utilisations villageoises
et potentialités technologiques des bois de foréts secondaires dans le Menabe Central, Madagascar. Bois et Foréts des
Tropiques, 320: 59 — 73.

[28].  Reineke, L. H. 1933. Perfecting a stand-density index for even-aged forests. Journal of Agricultural Research, 46 : 627—
638.

[29].  Richard, K. K., Adama, B., Anatole, N. K. & Djezou, K. 2016. Diversité et structure floristiques sous des peuplements
d’Acacias Australiens en zone forestiére de la Cote d’Ivoire. European Scientific Journal, 12: 229 — 246.

[30].  Rothe, P. L. 1964. Régénération en forét tropicale. Dipterocarpus drey Dau sur le versant Cambridgien du Golf de
Siam. Bois et foréts des tropiques, (8), 386-397.

[31].  Sarker, S. K., Deb J. C. & Halim, M. A. 2011. A Diagnosis of existing logging bans in Bangladesh. International Forestry
Review, 13: 461 - 475.

[32].  Schroeder, J.-M., Oke, D. O., Onyekwelu, J. C. & Yirdaw, E. 2010. Secondary forests in West Africa: A challenge and
opportunity for management. In Mery, G., Katilia, P., Galloway, G., Alfaro, R. 1., Kanninen, M., Lobovikov, M. & Varjo, J.
(eds), Forests and Society — Responding to Global Drivers of Change, pp 335-353, (IUFRO World Series N° 25. International
Union of Forest Research Organizations (IUFRO).

[33]. Van, D. T, Kozan, O., Yamamoto, M., Hai, V. D., Phung, D. T., Thang, N. T., Hoang, T., Manh, T. D., Lam, V. T. &
Thinh, N. H. 2018. A natural forest of commercial timber species: Logging or not logging. Small-scale Forestry, 17: 555 — 568.

[34].  Vezina, B. 1., Ranaivoson, A., Razafmanahaka, J. H., Andriafidison, D., Andrianirina, H., Andrianarisata, S., D... &
Jenkins, R. K. B.2020. Understanding livelihoods for protected area management: Insights from Northern Madagascar.
Conservation & Society 18, 4: 327 — 339.

[35].  Vieilledent, G., Grinand, C., Rakotomalala, F. A., Ranaivosoa, R., Rakotoarijaona, J.-R., Allnutt, T. F. & Achard, F. 2018.
Combining global tree cover loss data with historical national forest cover maps to look at six decades of deforestation and
forest fragmentation in Madagascar. Biological Conservation, 222: 189-197.

[36]. Wilde, M., Buisson, E., Ratovoson, F., Randrianaivo, R., Carri¢re, S. M. & Lowry, P. P. 2012. Vegetation dynamics in a
corridor between protected areas after slash-and-burn cultivation in south-eastern Madagascar. Agriculture, Ecosystems and
Environment, 159 : 1 — 8.

[37].  Van Wyk, A.S. & Prinsloo, G. 2018. Medicinal plant harvesting, sustainability and cultivation in South Africa. Biological
Conservation, 227: 335 — 342.

Vol. 53 No. 2 November 2025 ISSN: 2509-0119 378



International Journal of Progressive Sciences and Technologies (IJPSAT)

ISSN: 2509-0119.

© 2025 Scholar AT LLC.
IJPSAT https://ijpsat.org/

55N:2509-0119

-: SCHOLAR Al

Vol. 53 No. 2 November 2025, pp. 369-380

Annex 1. List of vascular plants utilization, Mahimborondro Protected Area

Vascular plant use

;Itjcth Utensils, Fuelwoo
Scientific name Malagasy name (232lgf coﬁls(t)rlfcetio transzﬁgatlon (cha(ricoal Furni'ture Medicine | Fence
1) n agricultural , dead making
tools wood)
Abrahamia grandidieri Nanto X
Albizia gummifera Sambalahy LC x
Aphloia theiformis Kirandrambaiavy LC
Bathiorhamnus louvelii Telotritry NT X X
Brachylaena merana Piro X X X
Breonia tsaratananensis Valotra EN X
Bridelia tulasneana Kitata LC X X
Calophyllum parviflorum
Commiphora orbicularis Matambelona
Cryptocarya vaccinioides Tavolo EN X X
Diospyros haplostylis Maintipototra LC X X
Erythroxylum nitidilum Nofotrakoho X X
Erythroxylum sphaeranthum Menahihy LC X X
Eucalyptus sp.
Eugenia sp. Levakivaky
Psidium guajava LC X
Garcinia verrucosa Vongo LC X
Harungana madagascariensis LC X
Kaliphora madagascariensis Kimpantrozona LC X
Macaranga madagascariensis | Mankaranga X
Mangifera sp.
Mundulea laxiflora LC X
Ocotea laevis Tafononana NT X
Eugenia emirnensis Rotry LC X X X
ZZZ(ZZ?ZZZMW Antohiravina LC X
Phylloxylon xylophylloides NT X X X
Pinus sp. X
Pittosporum verticillatum Maimbovitsika LC X
Polycardia orientalis X X
Prunus africana Hoditra VU X
Psidium guajava Goavy LC X
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Psorospermum revolutum Harongampanihy X X
Suregada sp. X

Symphonia urophylla Hazina LC X

Tamarindus indica LC X

Trema orientalis LC

Weinmannia rutenbergii Lalogno LC X X
Zanthoxylum tsihanimposa Tsiagnaniamposa NT X
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