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Abstract
The Limbe Botanical Garden (LBG) is a relict urban forest located in the heart of the city of Limbe. This
forest has many ecological, economic, social and tourist functions and is the green lung of the city of
Limbé. Unfortunately, this forest has always been threatened by various anthropic pressures and more
recently by invasive exotic species. These threats make us fear the progressive disappearance of this
massif, which would be a threat to the plant and animal populations, the riparian communities and the
ecosystem services such as carbon regulation. The general objective of our study is to assess the validity
of the hypothesis of increased carbon sequestration of invasive species compared to native species. For
the floristic inventory, twenty 100 m2 (10 m x 10 m) plots were set up in this LBG urban forest. We
recorded information such as the number of adult and juvenile individuals and the diameter of trees
greater than or equal to 10 cm. The inventory recorded 349 plant species. The most frequent species is
Cyathea camerooniana with 92.3% presence. Cedrela odorata has a frequency of occurrence of 76.9% in
this urban forest and a frequency of 60% in the LBG. This taxon has a very high above-ground biomass
(187.4 tC/ha) and therefore the highest carbon storage capacity (93.7 tC/ha). It is followed by Diospyros
crassifolia and Dialium pachyphyllum, both native species. Cedrela odorata has a positive impact on
carbon sequestration and therefore contributes to the well-being of the people. However, the conclusion
needs to be qualified because invasive species can influence the functioning of forests in the long term.

Introduction
The problem of biodiversity management in Africa can be summed up as reconciling, on the one hand,
the socio-economic development needs of societies and, on the other, the need to preserve biological
diversity. Cameroon, by aligning itself with the international community, has adopted, among other
solutions, the creation of protected areas which, according to Wolf et al., (2021), must subscribe to the
primary objective of protecting biodiversity against the extinction of species or threats to ecosystems.
The creation of national parks and reserves, classified forests, but also herbariums and botanical gardens
are among the priorities for the protection of Cameroon's forests. Despite these current policies for the
conservation of flora in Cameroon, weaknesses still exist, when it is estimated that the current loss of
these ecosystems is caused by their abusive exploitation (Cheek et al., 2021). Ex-situ conservation,
although not an alternative, can be a plus for this policy of sustainable biodiversity management. This
refers to techniques for conserving plants or animals outside their original habitat, generally through the
collection and storage of genetic material in a seed bank, herbaria or in zoological or botanical gardens.
In botanical gardens, plants are cultivated and studied generally to meet four main objectives :
conservation, scientific research, education, teaching and tourism (Faraji & Karimi, 2022). These gardens
are also another solution advocated as carbon sinks, through afforestation or reforestation projects
(Babbar et al., 2022). They can thus be considered as one of the main strategies to stabilise the
concentration of the main greenhouse gases in the atmosphere (Lynch et al., 2020). Several botanical
gardens were created in Cameroon, among which the best known and oldest is the Limbe Botanical
Garden (LBG). This botanical garden is a relict urban forest located in the heart of the city of Limbé.
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Today it has become a dense humid forest on poor clay soil of the terminal continental. This forest has
many ecological, economic and social functions. In particular, it shelters a good part of the water table
that supplies the city with drinking water. Unfortunately, this forest has always been threatened by various
anthropic pressures and more recently by invasive exotic species. Invasive species such as Chromoleana
odorata, Tithonia diversifolia, Cecropia peltata, Lantana camara, Cedrela odorata are currently present
(Rai, 2022).

Introductions of invasive alien species are, to date, considered to be an important component of human-
induced global change (Sirbu et al., 2022). In some cases, this leads to species extinctions (Pyšek et al.,
2020). In Cameroon, to date, around fifty exotic species are listed as invasive. These threats raise fears of
the gradual disappearance of forest massifs, which would threaten plant and animal populations,
riparian communities and ecosystem services. Recent studies have shown that invasive alien plants can
alter ecosystem processes such as photosynthesis, respiration and carbon sequestration (Su et al., 2021 ;
Sprunger et al., 2023). Invasive plants often have a higher aboveground biomass and therefore sequester
more carbon than native species (McLeod et al., 2021). They can also be effective competitors of native
species for water, nutrients, light and living space. It is generally recognised that these plants are fast
growing and more productive than native species (Liu et al., 2022). It must be acknowledged that until
now, most studies have focused on the distribution and life history traits of invasive species, very few
studies have looked at the effects of biological invasions for ecological functions such as biomass
production and carbon sequestration in forest ecosystems. 

The overall objective of our study is to assess the validity of the hypothesis that invasive plants have a
higher aboveground biomass and sequester more carbon than native species. We chose Cedrela odorata
(Meliaceae) as our study model. This species, which originates from tropical America, was introduced
into Cameroon in the 1950s in various reforestation programmes, particularly in the forest attached to the
Limbé Botanical Garden. It is a tree much appreciated for its straight bole which makes it an excellent
timber. However, in recent years, further studies have shown that Cedrela odorata regenerates abundantly
in the understorey and therefore constitutes a danger for the biological diversity and survival of native
species in this forest ecosystem (Novor et al., 2020 ; Bempah et al., 2021 ; Oladoye et al.,
2022). Specifically, the aim was to estimate the plant diversity present in the introduction area, to assess
the above-ground biomass of the trees encountered and to calculate their carbon storage capacity

 

Methodology
1.1. Study site

The Limbe Botanical Garden (LBG) is the first botanical garden in Cameroon and the oldest in Africa. It
was created in 1892, during the German colonial era, in Victoria (former name of Limbé), between the
ocean and Mount Cameroon at 4°0'49.46″N and 9°12'3.13″E. Initially intended for agricultural purposes, it
has become one of the main curiosities of the South West Cameroon Region. The Limbe Botanical
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Garden has also served as a training centre for Cameroonians in the fields of agriculture, horticulture and
forestry. It is also an international centre for biodiversity research.

Today, the garden, which originally covered 250 hectares, has only 48 hectares, the rest (202 hectares)
being the forestry part which is the subject of this study. The garden has about 1,500 taxa (1,000
herbaceous and 500 woody plants). There are rare or endangered plants : 150 endemics, 100 from the
south-west, including Calamus sp, Prunus africana, Gnetum spp. Some plants are the object of particular
attention, notably the African palms, the endemic plants of Mount Cameroon, the Musa spp. Others are
cultivated for conservation purposes: Irvingia gabonensis, Garcinia kola, Afrostyrax kamerunensis, Cola
spp, Prunus africana, Gnetum spp, Pterocarpus soyauxii, Diospyros, Rauvolfia vomitoria, Nauclea
diderrichii, Terminalia spp, Enantia chlorantha, Eremomastax speciosa, Bryophyllum spp and
Physostigma venenosum. The botanical garden also houses a herbarium, which in 2001 had about
21,000 specimens and more recently 30,000. Its acronym in the Index Herbariorum is SCA.

1.2. Data collection

For the flora inventory, we used plots of 100 m2 (10 m x 10 m). Twenty (20) surveys were set up in the
forest of the Limbé botanical garden and the area of influence. Thus, on each plot, tree species were
identified and their diameters (DBH ≥ 10 cm) were measured at 1.30 m above the ground. We noted
information such as the number of adult and juvenile individuals. The species nomenclature is consistent
with the different floras of Africa and Cameroon (Sosef et al., 2017 ; Willie et al., 2018 ; Qian, 2019). The
Shannon-Weaver diversity index was used to measure the average amount of information given by the
species indication of an individual in the collection. This average was calculated from the proportions of
species found. This index represents the total information given by the frequency of the various species
along the inventory area. This index is calculated as follows:

 with 

where

H' = Shannon Biodiversity Index,

i = A species in the study area,

Pi = Proportional abundance or percentage importance of the species,

S = Total number of species,

ni = Number of individuals of a species in the sample,

N = Total number of individuals of all species in the sample.

Thus, the value of H' depends on the number of species present, their relative proportions, the sample size
and the log base. The Shannon index ranges from 0 to log S.

H
′ = −∑s

i=1 PiIogPi P (i) =
ni

N
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Structural parameters and estimation of above-ground plant biomass

Structural parameters (density, basal area) were calculated to account for the structure of the garden
vegetation. The above-ground plant biomass was estimated. In order to do this, faced with the limitations
of the direct method (Walker et al., 2011), namely, the execution time, the cost of operations and the
destruction of tree stems, we opted for allometric methods. The equation of Chave et al., (2005) was
used. It is given by the following mathematical equation:

 

In this formula,

AGB is the aboveground biomass determined in kg;

DBH, the diameter at breast height or 1.30 m above ground level (in cm);

⍴, the anhydrous specific gravity of wood (in g/cm3);

ln, the natural logarithm and

exp, the exponential function.

For specific densities (⍴), we used the reference list of Reyes et al. When a species had several values, we
used the mean value. For species for which we do not have the specific density, the default value (default
ρ = 0.58 g/cm3) for African tropical forests was used as recommended by Djomo et al., 2017. The
sequestered carbon rate is estimated at 50% of the biomass (IPCC, 2019). Finally, the mass of carbon
dioxide (CO2) is obtained by multiplying that of carbon by 0.27.

Data analysis

The data collected from the floristic inventory were analysed qualitatively and quantitatively to assess
floristic richness, composition and diversity, Sorensen's similarity coefficient (Sorensen 1948) and
Shannon's diversity index (Shannon 1948).

For the comparison of the means of the structural parameters between the park forest and the LBG, we
used the parametric Student's t test. To test the existence of possible relationships between some
structural parameters of Cedrela odorata and those of other species, we used Pearson's r correlation.
These tests were carried out using the R software version 2020 for Windows

 

Results
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The inventory resulted in the identification of 349 plants species. Dicotyledons are the most represented
(90.86% of species) with 43 families. Monocotyledons are represented by 10 families. The best
represented families are Euphorbiaceae and Apocynaceae with proportions varying from 7 to 9% of
species. The flora is mainly composed of Microphanerophytes (51 and 34%), Mesophanerophytes (24 to
25%), Nanophanerophytes (11 to 21%) and Megaphanerophytes (9 to 13%). Species from African forest
regions (A GB) are the most numerous (97%). They are followed by species endemic to the forest blocks
in Western Nigeria (A GCN) (11.83%) and species that occur naturally in the savannah-forest transition
zone (AGB-ST) (2%).

The most frequent species in the forest is Cyathea camerooniana with 92.3% presence. It is followed by 4
other species with a frequency of 76.9% respectively, Lophira alata, Craterispermum angustifolium,
Cynometra hankei and Cedrela odorata. In the contiguous periphery, 6 species have a frequency of 100%.
These are Hymenostegia brachyura, Schefflera abyssinica, Saccoglotis gabonensis, Lovoa trichilioides,
Mansonia altissima, Berlinia bracteosa and Cedrela odorata has a frequency of 60%.

Sorensen's coefficients of similarity calculated for the forest plots vary from 6.45 to 52.05%. For the plots
in the zone of influence, these range from 32.87 to 46% with an average of 38%. The calculated
coefficient of similarity between the forest and the zone of influence is 48.8%. The Shannon indices
calculated for the two zones are quite low. They range from 1.03 to 2.72 for the forest and from 1.99 to
3.06 for the zone of influence.

The average density of all species is 33515.3 ± 8131.3 individuals/ha for the forest and 44420.0 ± 
23342.8 individuals/ha for the zone of influence. The difference between these two densities is not
significant (Student's t-test, t = 2.12; p = 0.305). There is also no significant difference between the mean
densities of species with a DBH ≥ 10 cm (Student's t-test, t = 2.12; p = 0.085). In the forest, on the other
hand, there was a significant correlation at the α = 0.05 threshold between the density of individuals (DBH 
≥ 10 cm) of Cedrela odorata and the density of the other species (Peason's test, r = − 0.6; p = 0.029).
Cedrela odorata has the highest density with 12,292.31 individuals/ha. It is followed by Cyathea
camerooniana and Macaranga hurifolia with 2130.77 and 1992.31 individuals/ha, respectively. In the
area of influence, Cedrela odorata has a density of 1480 individuals/ha all in the juvenile stage. The
mean densities of Cedrela odorata individuals between the two study areas were not significant
(Student's t-test, t = 2.12; p = 0.466).

The total above-ground biomass for the two areas together is estimated at 295.9 tC/ha ; this corresponds
to a sequestered carbon stock of 147.9 tC/ha. The CO2 equivalent is 39.9 tC/ha. This above-ground
biomass per tree varies from 0.2 tC/ha for the species Pausinystalia johimbe to 187.4 tC/ha for Cedrela
odorata. This corresponds to an individual carbon stock that varies from 0.1 to 93.7 tC/ha (Table 1).
Native species such as Diospyros crassifolia and Dialium pachyphyllum have lower biomasses than
Cedrela odorata (43.9 and 38.2 tC/ha, respectively). Another exotic species, Musanga cecropioides,
sequesters a very small amount of carbon (3.7 tC/ha). There was a significant negative correlation
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between the above-ground biomass of Cedrela odorata and that of the other plant species present in the
plots (Pearson test, r = -0.81 ; p < 0.0001)

Table 1
Plant above-ground biomass, sequestered carbon and mass of CO2 equivalent calculated in tonnes of

carbon per hectare
Espèces végétales Biomasse aérienne

(tC/ha)
Stock de carbone
(tC/ha)

CO2 équivalent
(tC/ha)

Musanga cecropioides 7,5 3,7 1,0

Pycnanthus angolensis 0,5 0,2 0,1

Distemonanthus
benthamianus

2,0 1,0 0,3

Coelocaryon preussii 0,4 0,2 0,1

Myrianthus arboreus 1,1 0,5 0,1

Pausinystalia johimbe 0,2 0,1 0,0

Sterculia tragacantha 1,4 0,7 0,2

Strombosia pustulata 0,7 0,4 0,1

Cedrela odorata 187,4 93,7 25,3

Cordia platythyrsa 1,2 0,6 0,2

Annickia chlorantha 1,1 0,5 0,1

Dialium pachyphyllum 38,2 19,1 5,2

Pterygota macrocarpa 1,8 0,9 0,2

Petersianthus
macrocarpus

0,4 0,2 0,1

Diospyros-crassifolia 43,9 21,9 5,9

Prunus africana 6,3 3,1 0,8

Acacia crassicarpa 1,6 0,8 0,2

Total 295,9 147,9 39,9

Discussion
Biological invasions are nowadays a major concern for biologists and nature managers. They are
increasingly recognised as altering agents of ecosystem processes (Srivastava et al., 2019). Due to its
nature as a mixed, semi-natural planted forest, the Limbe Botanical Garden forest provides an excellent
model for understanding the consequences of invasive species introduction on carbon storage in forest
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stands. The study recorded 349 plant species in contrast to the recent study conducted in the Mvog-Bets
Zoo-Botanical Garden, Nkwemoh et al., (2017) recorded 276 plant species instead. The high floristic
diversity observed in our study could be explained by the fact that the forest is old and planted with
indigenous and exotic species with a fairly high floristic diversity. The results are in agreement with those
authors who pointed out that the best represented families are Euphorbiaceae and Apocynaceae. The
study showed that Cedrela odorata is present in high density compared to other planted and native
species. In a study on the invasion strategy and potential of Cedrela odorata in forest stands, Galindo et
al., (2020) demonstrated that this species has a high potential for land occupation with an average basal
area of 28.139 m2/ha. Cedrela odorata exerts a strong competitive pressure. This taxon regenerates
enormously in the undergrowth compared to other plants. Besides adult individuals, there are numerous
juvenile individuals of various sizes and ages.

This study found that Cedrela odorata has the highest above-ground biomass and therefore the highest
carbon storage capacity. It is followed by Diospyros crassifolia and Dialium pachyphyllum, both native
species. These results support the hypothesis that invasive plants have a high above-ground biomass
and sequester more carbon than native species. These results also raise the thorny question of the short
and long term impact of invasive species on carbon sequestration. In this case, they show that this taxon
has a positive impact on carbon sequestration and therefore indirectly contributes to the well-being of the
Limbe populations. However, this conclusion must be qualified because it should not make us forget that
invasive species influence biomass production and thus indirectly the functioning of forests (Scherer-
Lorenzen et al., 2023). Their invasive power alters the dominance of indicator species, thus changing the
structure of communities, biomass and therefore the carbon stock (Matos et al., 2023). The work of
Hernández-Máximo et al., (2021) has shown that Cedrela odorata has a very high reproductive capacity. It
is a very abundant species with low production and a depressive and aggressive effect on other plants.
With the advent of global change, the effects of Cedrela odorata on the structure of plant communities
may become more pronounced. In the context of our study, we can conclude that any management
activity including Cedrela odorata will require a clear analysis of short- and long-term carbon gains and
losses. This management may not necessarily result in a carbon gain as it has been shown that while an
invasive species is a source of carbon gain, these gains may be lost when the species is managed.

Conclusions
This study showed that the floristic diversity in the forest attached to the Limbe Botanical Garden is
estimated at 349 plants species. The above-ground plant biomass is 295.9 tC/ha. The carbon stock for
the whole is estimated at 147.9 tC/ha. The CO2 equivalent is 39.9 tC/ha. The invasive alien species
Cedrela odorata has a high aboveground biomass (187.4 tC/ha) and the highest carbon storage capacity
(93.7 tC/ha). This invasive species therefore contributes effectively to carbon sequestration in the Limbé
botanical garden compared to other species present. Further studies in the short and long term, taking
into account other forest ecosystems, will allow a better understanding of the consequences of biological
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invasions for carbon sequestration and, above all, to demonstrate the effectiveness of invasive species
management in tropical forests in terms of carbon gain and loss.

Declarations
Acknowledgments 

None

Funding 

None

Conflicts of interest 

The authors declared that there is no conflict of interest

References
1. Babbar D, Chauhan SK, Sharma D, Upadhyay K, Dwivedi MD, Sahana M, Kumar S (2022) Spatial

analysis of soil quality using geospatial techniques in Botanic Garden of Indian Republic, Noida,
Uttar Pradesh, India. Environmental Sustainability, 1–22

2. Bempah AN, Kyereh B, Ansong M, Asante W (2021) The impacts of invasive trees on the structure
and composition of tropical forests show some consistent patterns but many are context dependent.
Biol Invasions 23:1307–1319

3. Chave J, Andalo C, Brown S, Cairns MA, Chambers JQ, Eamus D, Fölster H, Fromard F, Higuchi N, Kira
T, Lescure J-P, Nelson BW, Ogawa H, Puig H, Riéra B, Yamakura T (2005) Tree allometry and improved
estimation of carbon stocks and balance in tropical forests. Oecologia 145(1):87–99

4. Cheek M, Ndam N, Budden A (2021) Notes on the threatened lowland forests of Mt Cameroon and
their endemics including Drypetes burnleyae sp. nov., with a key to species of Drypetes sect.
Stipulares (Putranjivaceae). Kew Bull 76(2):223–234

5. Djomo AN, Ngoukwa G, Zapfack L, Chimi CD (2017) Variation of wood density in tropical rainforest
trees. J Forests 4(2):16–26

6. Faraji L, Karimi M (2022) Botanical gardens as valuable resources in plant sciences. Biodivers
Conserv 31(12):2905–2926

7. Galindo Segura LA, Finegan B, Delgado-Rodríguez D, Mesén Sequeira F (2020) Intraspecific variation
of functional traits in Cedrela odorata L. in the Nicoya Peninsula, Costa Rica. Revista mexicana de
ciencias forestales 11(57):57–86

8. Hernández-Máximo E, Vargas-Hernández JJ, López-Upton J, Sánchez-Monsalvo V (2021) Structure
of genetic variation in vegetative phenology of Cedrela odorata L.: implications for tree breeding.New
Forests,1–23



Page 10/12

9. IPCC (2019) Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories:
Agriculture, Forestry and Other Land Use. Intergovernmental panel on climate change (Japan: IGES)
p 68 (4), ed

10. Liu W, Chen X, Wang J, Zhang Y (2022) Does the effect of flowering time on biomass allocation
across latitudes differ between invasive and native salt marsh grass Spartina alterniflora?.Ecology
and Evolution, 12(3), e8681

11. Lynch J, Cain M, Pierrehumbert R, Allen M (2020) Demonstrating GWP*: a means of reporting
warming-equivalent emissions that captures the contrasting impacts of short-and long-lived climate
pollutants. Environ Res Lett 15(4):044023

12. Matos FA, Edwards DP, Magnago S, Heringer LF, Viana Neri G, Buttschardt A, Dudeque T, Fernando
RZ, de Zamborlini LT, Gonçalves FS, Safar CERS, Silva NVH, Pacheco M, Sebastião MDS, Brancalion
VM, P. H. S., Meira-Neto A (2023) J. A. Invasive alien acacias rapidly stock carbon, but threaten
biodiversity recovery in young second-growth forests. Philosophical Transactions of the Royal
Society B, 378(1867)

13. McLeod ML, Bullington L, Cleveland CC, Rousk J, Lekberg Y (2021) Invasive plant-derived dissolved
organic matter alters microbial communities and carbon cycling in soils. Soil Biol Biochem
156:108191

14. Nkwemoh CA, Tchindjang M, Afungang RN (2017) The impact of urbanization on the vegetation of
Yaounde,(Cameroon). International Journal of Innovative Research and Development, 6(5)

15. Novor S, Abugre S (2020) Growth performance, undergrowth diversity and carbon sequestration
potentials of tree species stand combinations, Ghana. Open J Forestry 10(01):135

16. Oladoye AO, Osobase LA, Henry CA, Oyedokun AB (2022) Diversity and Composition of understory
species in Cedrela odorata and Pinus caribaea plantations in Omo Biosphere Reserve, area J4, Ogun
State. LOCAL ORGANISING COMMITTEE (LOC, p 268

17. Pyšek. PEH, Dan S, Sven B, Tim MB, James TC, Wayne D, Franz E, Llewellyn CF, Piero G, Jonathan
MJ, Ingolf K, Andrew ML, Nicholas EM, Laura AM, Aníbal P, Helen JP, Hanno ER, van Montserrat S V.,
Michael J. W., Richardson DM (2020) Scientists' warning on invasive alien species. Biological
Reviews, 95(6), 1511–1534

18. Qian H (2023) Intercontinental comparison of phylogenetic relatedness in introduced plants at the
transition from naturalization to invasion: A case study on the floras of South Africa and China.
Plant Diversity

19. Rai PK (2022) Environmental degradation by invasive alien plants in the anthropocene: challenges
and prospects for sustainable restoration. Anthropocene Sci 1(1):5–28

20. Scherer-Lorenzen M, Gessner MO, Beisner BE, Messier C, Paquette A, Petermann JS, Soininen J, Nock
CA (2022) Pathways for cross-boundary effects of biodiversity on ecosystem functioning. Trends in
Ecology & Evolution

21. Shannon CE (1948) A mathematical theory of communication. Bell Syst Tech J 27:379–423



Page 11/12

22. Sirbu C, Miu IV, Gavrilidis AA, Gradinaru SR, Niculae IM, Preda C, Oprea A, Urziceanu M, Camen-
Comanescu P, Nagoda E, Sirbu IM, Memedemin D, Anastasiu P (2022) Distribution and pathways of
introduction of invasive alien plant species in Romania. NeoBiota 75 : 1–21

23. Sorensen T (1948) A method of establishing group of equal amplitude in plan sociology based on
similarity of species content and its application to analysis of the vegetation on Danish commons.
Biol Skr 5:1–34

24. Sosef MS, Dauby G, Blach-Overgaard A, van der Burgt X, Catarino L, Damen T, Deblauwe V, Dessein S,
Dransfield J, Droissart V, Duarte M, Engledo C, Fadeur W, Rui G, Roy F, Olivier EG, David JH, Janneke
JH, de Heij SJ, Klomberg H, Ley A, Barbara C, Meerts AM, van de Poel JL, Sonké, Stévart B, Piet T,
Svenning S, Sepulchre J, Rainer P, Wieringa Z J. J., Couvreur TL. P., Couvreur TL (2017) Exploring the
floristic diversity of tropical Africa. BMC biology, 15(1), 1–23

25. Sprunger CD, Lindsey A, Lightcap A (2023) Above and belowground linkages during extreme
moisture excess: Leveraging knowledge from natural ecosystems to better understand implications
for row-crop agroecosystems.Journal of Experimental Botany,erad045

26. Srivastava V, Lafond V, Griess VC (2019) Species distribution models (SDM): applications, benefits
and challenges in invasive species management.CABI Reviews,1–13

27. Su JQ, Han X, Chen BM (2021) Do day and night warming exert different effects on growth and
competitive interaction between invasive and native plants? Biol Invasions 23:157–166

28. Walker W, Baccini A, Nepstad M, Horning N, Knight D, Braun E, Bausch A (2011) Field Guide for Forest
Biomass and Carbon Estimation, Version 1.0. Field Guide

29. Willie J, Tagg N, Lens L (2018) Diversity and community composition of herbaceous plants in
different habitat types in south-east Cameroon. Afr J Ecol 56(2):312–322

30. Wolf C, Levi T, Ripple WJ, Zárrate-Charry DA, Betts MG (2021) A forest loss report card for the world’s
protected areas. Nat Ecol Evol 5(4):520–529

Figures



Page 12/12

Figure 1

Location of study area: Limbe botanical garden


