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SAMENVATTING

Vegetatiepatronen en omgevingsgradiénten in Benimgevolgen voor biogeografie en
behoud

Begrip van verspreidingspatronen van plantensoamette factoren die daaraan ten grondslag
liggen is van groot belang voor het behoud en lrekaa plantengezelschappen en het
ecosysteem. De geografische verspreiding van plaoteten is niet geheel willekeurig. Er
bestaan duidelijke patronen en kunnen worden ooleiden door zorgvuldige analyse van
de verspreidingspatronen van een groot aantalesnovet deze chorologische aanpak zoals
gebruikt door White (1983), (de ruimtelijke typoiey onderzochten wij de vegetatiepatronen
in Benin, gebruik makende van moderne statistisnbthoden en bespraken de biografische
en ecologische gevolgen van deze patronen. Hodfdstoeschrijft de achtergronden en de
doelen van het onderzoek en het gebied waarinrfustraoek plaatsvond.

In Hoofdstuk 2 wordt op basis van de uitkomsten gan Two-Way Indicator Species
Analysis (TWINSPAN) en Detrended Correspondencelysim (DCA) van 598 vegetatie-
opnamen een indeling van Benin in 10 fytogeogrh@sdistricten. Chorologische analyse
voldeed als een complementaire benadering bij dakierisatie van fytosociologisch
bepaalde districten en laten toe deze in drie hdomlogische hoofdzones te groeperen,
namelijk de Guineo-Congolese en Sudan regio’s, oreten door de Guineo-Sudan
overgangszone. Het waargenomen biogeografischeguais uitgelegd in termen van zowel
ecologische factoren (klimaat, geologie en topografeliéf) en historische factoren
(klimaatsveranderingen in het verleden). De biogafgrhe uitzonderlijkheid van het district
Pobe werd verduidelijkt door de exclusieve aanwead) van endemische Guineo-Gongolese
genera zoalsAmphimas Anthonotha Distemonanthus Hymenostegia Anthrocaryon
Coelocaryon enDiscoglypremnaDe enige familie endemisch in de Guineo-Congolegéeor
die ook in Benin voorkomt is, is die der is Octokragaceae medctoknemaorealis lijkt in
Benin beperkt tot het district Ouémé. De PD’s vasdla en de Atacora bergrug, behorende
tot de Sudan regio, blijken ecologisch en biogefigph uitzonderlijke floristische gebieden
te zijn. Het achtste genus endemisch in de GuinmmgGlese regio i®\ubrevilleamet A.
kerstingii welke beperkt is tot het PD van Bassila. Het gétmematostaphisnetH. barteri
dat endemisch is in de Sudan-regio en de sbhbergiaatacoriensisendemisch in Benin
Zijn gevonden in de Atacora bergketen. De voordgstéoristische gebieden volgen de
klimatologische zonering en lijken sterk op de eeedndelingen, welke op fysiognomie van
de planten waren gebaseerd. De verbanden tusserflorigtische gebieden en de regionale
chorologische eenheden van White (1983) zijn bésro

In Hoofdstuk 3 worden de belangrijkste vegetatietyeschreven op grond van hier
voorkomende soorten. Wij concentreerden ons op Veeklaren van de gradiénten in
soortensamenstelling en de eraan ten grondslagndgy ecologische factoren. Two-Way
Indicator Species Analysis (TWINSPAN) uitgevoerd open matrix van 598
vegetatieopnamen and 1021 plantensoorten reswtedard 20 onderscheidbare vegetatie-
typen. Chorological and Detrended Correspondencalydas (DCA) van deze vegetatie-
typen leidde tot de onderkenning van vier choraolge hoofdgroepen, gegroepeerd langs een
klimaatgradiént. De vier chorologische groepen @as#& vier onderscheidbare fyto-
chorologische zones: de Guineo-Congolese en Sudgiv’'s, gescheiden door twee
overgangszones. Dit wordt ondersteund door deesteskrelatie tussen de eerste DCA-as en
chorologische categorieén. De resultaten toonden ded beschikbaarheid van water —
uitgedrukt als een functie van regenval, lengteirgansiteit van het droge seizoen, en
luchtvochtigheid — de belangrijkste factor is de wkegetatiegradiént in Benin verklaart, en
80% van de variatie in soortensamenstelling. Regleny zich verklaart slechts 30% daarvan.
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Daarom is het incorrect om de regenval op zichdalbelangrijkste factor aan te merken die
de soortenverspreiding in West Afrika verklaart.zBeesultaten tonen de voorspellende
waarde van het vegetatietype aan in termen vanoldgsche groepen en klimaat.
Fytosociologie en chorologie blijken twee completage benadering van de fytogeografie te
zijn.

Hoofdstuk 4 benadrukt de verspreidingspatronenan demi-bladverliezende bos in
Benin en hun belang voor de biogeografie. De zeshreven semi-bladverliezende bostypen
en hun floristische samenstelling (zowel op soald-op familieniveau) zijn vergelijkbaar met
die welke worden onderscheiden in andere delenwWest Afrika, waar het bladverliezende
bos meer aaneengesloten is. De ecologisch domifeamies zijn Sterculiaceae, Ulmaceae
(nu Celtidaceae), Leguminosae, Moraceae, Ebenaagd@aceae and Euphorbiaceae. De
Drypetes aframensiSlesogordonia papaverifergemeenschap bleek het type bos te zijn
waarin Celtidaceae, Sterculiaceae, Euphorbiacea®, \#olaceae het rijkst zijn
vertegenwoordigd. De vele waargenomen Opper-Guineesdemen in de semi-
bladverliezende bos-eilandjes zijn duidelijke beetj voor de floristische verbanden in het
verleden tussen de Dahomey Kloof en de West Afrikaaregenbosgebieden. Het in de
centraal-noordelijke gebieden beperkt voorkomen #arKhaya grandifoliolaAubrevillea
kerstingiigemeenschap werd uitgelegd als een resultaat weneenkomsten in het verleden
tussen het Interval en het Opper-Guinea bosgebDiedlgemene soortensamenstelling van de
semi-bladverliezende boseilandjes in zuidelijk Bemiomt grotendeels overeen met de
stuifmeelgegevens uit de natte periode van hetge@et midden-Holoceen (8500-4000 jaar
geleden), een periode waarin het Dahomey interljit bedekt geweest te zijn met semi-
bladverliezend bos. Wij nemen aan datT@¥minalia superb@iptadeniastrum africanum
gemeenschap, welke overeenkomt met het West-Afid@aochtige semi-bladverliezende
bos, de vegetatie in het Interval gedurende dimgerdomineerde. Het terugtrekken naar de
rivieroeverbossen wordt uitgelegd als een ecolbg@stwoord op het droge klimaat van het
Laat-Holoceen, welke de opdeling van het West-Afakse regenbos inluidde. Onze
resultaten tonen aan dat moderne kennis van detwtruvan de plantengemeenschappen,
soortensamenstelling en -voorkomen van essentieleing is voor het interpreteren van
pollengegevens bij de reconstructie van de palagetatie.

Hoofdstuk 5 identificeert de plantensoorten en geéén welke voorrang behoeven bij
de natuurbescherming. Niet minder dan 280 bedremjdrtensoorten worden opgesomd,
waarvan 90% in de categorieén Bedreigd en Sterkegtivallen. Dit geeft aan dat het risico
van uitsterven voor deze soorten hoog is. Van d@egmde soorten, zijn er 19 van regionaal
belang voor behoud, en 10 van belang op wereldajwealke ook op de IUCN Rode Lijst
staan. Uit de chorologische analyse blijkt dat dén€ese soorten dominant zijn in deze
categorieén en 77% uitmaken van de gerapporteedieigde soorten. Dit komt overeen met
het veelvuldig in de dichte bosrestanten voorkowem bedreigde soorten. Tot de gebieden
die het rijkst zijn aan de zeldzaamste soortenr{enoslechts op één plek voorkomend)
behoren boseilandjes zoals Pobe (17 soorten metimvoorkomen), Dangbo (11 soorten),
Ewe (9 soorten) en Ahozon (8 van zulke soorten)drida wordt gelegd op de semi-
bladverliezende bosrelicten als gebieden met ghbetdng voor natuurbehoud, omdat deze
omstreeks 20% van de Beninese flora bevatten. &ndebieden van groot belang voor
natuurbescherming zijn bijv. het moerasbos van Llipkde mangrove van Ouidah, de
monolieten (Inselberge) van het fytogeografischridisZou, en de bergrug Atacora waar de
twee soorten endemisch voor Benin voorkomen. Vasrteewezen dat de meeste van deze
gebieden bedreigde plantengemeenschappen herbeDgenstudie levert fundamentele
botanische informatie op voor de verbetering vah bestaande netwerk van beschermde
gebieden.
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Hoofdstuk 6 bevat een algemene discussie en coeslaser de kwesties bestudeerd in
dit proefschrift. De verspreiding vdRinorea(als bio-indicator genus) leverde verder bewijs
voor het biogeografische belang van de semi-bldidzende boseilanden. Wij bespraken
verder de implicaties van onze resultaten voonaaiurbehoud in Benin.

SUMMARY

Vegetation patterns and environmental gradients irBenin: implications for
biogeography and conservation

Understanding plant species distribution pattemd the underlying factors is a crucial step
for the conservation and management of plant contrearand ecosystems. The geographical
distribution of plant species is not entirely randcClear patterns exist and can be detected by
careful analysis of the distribution patterns ofasge number of species. Following this
chorological approach suggested by White (1983),ewglored the vegetation patterns in
Benin using modern statistical tools and discusesl biogeographical and ecological
implications. Chapter 1 presents the backgrourelptijectives and the study area.

In Chapter 2, we proposed a phytogeographical subdivision ohilBebased on
multivariate and chorological analyses. Two-Wayidatbr Species Analysis (TWINSPAN)
and Detrended Correspondence Analysis (DCA) peddrmell on our data and suggest an
objective subdivision of Benin into ten phytogequr@al districts (PDs). Chorological
analysis proves to be a complementary approachh& dharacterisation of phyto-
sociologically-defined districts and allows theierging into three major phytochorological
zones, namely the Guineo-Congolian and Sudanianngglinked by the Guineo/Sudanian
transition zone. The biogeographical patterns olesemwere interpreted in terms of both
ecological factors (climate, soil, geology and ldadm) and historical factors (past climatic
changes). The biogeographical particularity ofPieof Pobé was elucidated by the exclusive
presence of the Guineo-Congolian endemic generdn ag Amphimas Anthonotha
DistemonanthusHymenostegiaAnthrocaryon Coelocaryon andDiscoglypremnaThe only
Guineo-Congolian endemic family found in Benin ist@knemataceae witl®dctoknema
borealis (now in Olacaceae), which appears to be restriciedtie PD of Ouémé valley. The
PDs of Bassila and the Atacora Chain within theg®ish Region turn out to be ecologically
and biogeographically outstanding floristic areBise 8" Guineo-Congolian endemic genus
reported in Benin waBubrevilleawith A. kerstingii which is restricted to the PD of Bassila.
The Sudaniarendemic genus Haematostaphisvith H. barteri and the Benin’s endemic
speciesThunbergiaatacoriensiswere found to be confined to the Atacora Chaine Th
proposed floristic areas reflect the climatic zaratand express a great similarity to the
previous physiognomically-based subdivisions. Tdlatronships between our floristic areas
and the regional chorological units as proposeWhite (1983) were discussed.

In Chapter 3, we classified and described the major vegetdiipas based on species
composition. It focused on elucidating the gradieint species composition and underlying
ecological factors. Two-Way Indicator Species Asay(TWINSPAN) performed on a
matrix of 598 relevés and 1021 plant species resuliwenty distinct vegetation types.
Chorological and Detrended Correspondence Anal{®€A) of these plant communities
lead to the recognition of four main chorologicabgps patterned along a climatic gradient.
The four chorological groups correspond geograglgida four distinct phytochorological
zones: the Guineo-Congolian and Sudanian regioparated by two transition zones. This
was supported by the strong correlation between fitse DCA-axis and chorological
categories. The results show that water availgb#itexpressed as a function of rainfall,



length and intensity of the dry season, and airitdityn— is the major factor determining the
vegetation gradient in Benin, and explains 80% h& variation in species composition.
Rainfall, considered alone, only accounts for 304he variation in species composition
along the vegetation gradient. Thus, it is not edrito consider rainfall alone as the prime
moisture factor underlying the species distributionWest Africa. This demonstrates the
predictive value of vegetation type with regard dioorological categories and climate.
Phytosociology and chorology turn out to be two ptamentary approaches to
phytogeography.

Chapter 4 focused on the patterns in semi-deciduous fonedttheir biogeographical
significance. The six semi-deciduous forest typescdbed and their floristic composition
(both at species and family levels) are comparabbhose recognised in other parts of West
Africa where the semi-deciduous forest is more iooius. The ecologically dominant
families include Sterculiaceae, Ulmaceae (now QGattitae), Leguminosae, Moraceae,
Ebenaceae, Rubiaceae and Euphorbiaceae. Dhgpetes aframensislesogordonia
papaverifera community appeared to be the vegetation type inchwhhe Celtidaceae,
Sterculiaceae, Euphorbiaceae, and Violaceae ateadmssented. The record of many Upper
Guinean endemic species in the semi-deciduoustf@iesnds provided strong evidence for
past floristic connections of the Dahomey Gap wiith West African rain forest zones. The
restriction of theKhaya grandifoliolaAubrevillea kerstingicommunity to the centre-northern
section was interpreted as resulted from paststiorconnections between this area and the
Upper Guinean forest block. The overall species pmsition of the semi-deciduous forest
islands situated in southern Benin is in good aper# with the pollen assemblages of the
humid period of early-mid Holocene (8500-4000 yeBR), a period during which the
Dahomey Gap was shown to be covered by a semiwmesdforest. Thd@erminalia superba
Piptadeniastrum africanursommunity, which corresponds to the West Africabisnsemi-
deciduous forest, was assumed to dominate the ategetof the gap during this period. Its
subsequent retreat to forest stream banks wagiated as an ecological response to the
general dry climate of the late Holocene, whichuited the fragmentation of West African
rain forest. The results show that knowledge of emndplant community structure, species
composition and distribution is vital for the inpdk interpretation of pollen data in the
process of palaeo-vegetation reconstruction.

In Chapter 5, plant species and areas of conservation priarése identified using the
available botanical information. As many as 28@&#tened plant species were recorded, of
which 90% was categorised as Endangered and dyitEadangered. This indicates that the
risk of extinction facing these species is high. dhg them, 19 were recognised to be of
regional conservation concern while 10 were of gllybconservation concern and are on the
IUCN Red List. The chorological analysis revealeat the Guinean species are dominant and
represent 77% of the threatened species reportbid. i§ in agreement with the high
representation of threatened species in the cltwedt remnants. The richest sites in rarest
species (i.e. species confined to one site) incthdesemi-deciduous forest islands such as
Pobé (17 range-restricted species), Dangbo (lliep)edEwe (9 species), and Ahozon (8
species). Emphasis was put on the semi-deciduowstfoelics as of high conservation
concern, since they include c. 20% of Benin’s flotdher areas of conservation priority
include the swamp forest of Lokoli, the mangrove @fiidah, the inselbergs of the
phytogeographical district of Zou, and the Atac@faain which harbours the two Benin’s
endemic plant species. Furthermore, most of thi#ss proved to harbour threatened plant
communities. This study also provides basic boanidormation for the improvement of the
existing reserve network.

Chapter 6 presented a general discussion and conclusionssmes tackled in this
thesis. The distribution dRinorea(a bio-indicator genus) provided further evidefmethe



biogeographical significance of the semi-decidudosest islands. We discussed the
implications of our research outputs for biodivigrsionservation in Benin.

RESUME

Les patrons de végétation et gradients environnemé&ux au Bénin: Implications pour la
biogéographie et la conservation

La compréhension du patron de distribution des easp&égétales et des facteurs qui les
gouvernent sont d’'une importance capitale poupleservation et la gestion des écosystemes.
La distribution des especes végétales n’est pamremtent aléatoire. Des patterns de
distribution écologiquement interprétables exist&trnpeuvent étre identifiés par une analyse
minutieuse des patrons de distribution d’'un gramnibre d'especes. En suivant cette
approche chorologique proposée par White (1983)s mous sommes donné pour objectifs i)
d’identifier sur la base de listes floristiques ¢gands types de groupement végétaux au Bénin
en utilisant les outils statistiques modernes dism®a de végétation, ii) d’analyser leur
distribution sur 'ensemble du territoire et iiig dliscuter des implications biogéographiques
et écologiques de cette étude. Le chapitre 1 pteédea fondements, objectifs et le milieu
d’étude.

Le chapitre 2, est une contribution au découpage phytogéograptdg Bénin. |l traite
essentiellement de l'application de la phytosogmoau découpage phytogéographique a
grande échelle. L’analyse numérique utilisant TWASI et DECORANA de 598 relevés
phytosociologiques et 1021 espéces végétales agpdarsubdiviser le Bénin en 10 districts
phytogéographiques (DPs). L'analyse chorologiqueladéiore des DPs a permis de les
fusionner en trois grandes zones phytochorologiqles zones Guinéo-Congolaise et
Soudanienne séparées par la zone de transition é@Gioudanienne. Ces zones
phytochorologiques proposées sur base floristiqueespondent aux trois grandes zones
climatiques reconnues au Bénin. Les facteurs détamhle patron biogéographique observé
sont d’ordre écologique (climat, sol et relief) hestorique (les fluctuations climatiques du
quaternaire). La particularité biogéographique d& @ Pobé est illustrée par la présence
exclusive de genres endémiques a la région Guimdg@aise en occurrendgmphimas
AnthonothaDistemonanthusHymenostegigAnthrocaryon Coelocaryoret Discoglypremna
Il est important de souligner que la seule famd#il@lémique a la région Guinéo-Congolaise
enregistrée au Benin (Octoknemataceae @&toknemaboreali§ est confinée au DP de la
Vallée de 'Ouémeé. Nous avons aussi élucidé lesipiés phytogéographiques des DPs de
Bassila caractérisé par 'endémique Guinéo-Cong@labrevilleaavecA. kerstingii et de la
Chaine de I'Atacora caractérisé par la présenckigive deHaematostaphisvecH. barteri
qui est un endémique Soudanien effthenbergiaatacoriensisqui est endémique au Bénin.
Nous avons aussi comparé nos unités floristiques dé@coupages phytogéographiques
antérieurs, particulierement celui de White (1983).

Le chapitre 3 s’est appesanti sur la description des groupemeiggtaux, de leur
distribution et surtout de la question de gradidiotsstiques au Bénin. L’'analyse multivariée
(DCA et TWINSPAN) de 598 relevés phytosociologigeed021 espéces végétales a permis
d’individualiser 20 groupements végétaux qui s'omgent suivant un gradient climatique.
L’analyse chorologique a permis d’agréger cesidesren quatre groupes chorologiques qui
correspondent a quatre zones phytochorologiqueamalyse de corrélation a montré que
I'indice d’humidité de Mangenot (1951) qui intedaemoyenne annuelle des précipitations, la
durée de la saison seche, l'importance des prétigis durant la période séche et
I’hygrométrie atmosphérique explique mieux le cleangnt de la composition spécifique des
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groupements végétaux{R 0,80) que la moyenne pluviométrique annuelfe{R,30). Nous
avons donc conclu le total pluviométrigue annuesh’pas le seul facteur climatique qui
détermine la distribution des communautés végétteafrique subsaharienne. Nous avons
aussi clarifié la valeur prédictive des groupememégétaux vis-a-vis des catégories
chorologiques et du climat. Cette étude a aussiv@rajue la phytosociologie et la phyto-
chorologie constituent deux approches complémegtaina phytogéographie.

Les patrons de distribution des groupements de fieése humide semi-décidue et
leurs implications biogéographiques constituensuastance dehapitre 4. Les six grands
types de groupements végétaux décrits présentegtacieles similarités floristiques (tant au
niveau spécifique que des familles) a ceux recordarss d’autres pays de I'Afrique de
I'Ouest comme la Cote d’lvoire et le Ghana ou lefalense humide est moins perturbée en
certains endroits. Les familles les plus écologmeet importantes sont: Sterculiaceae,
Ulmaceae, Leguminosae, Moraceae, Ebenaceae, Rabiat&uphorbiaceae. Le groupement
aDrypetes aframensist Nesogordonia papaveriferast identifié€ comme celui dans lequel les
Celtidaceae (ex Ulmaceae), Sterculiaceae, Euplumdéa et Violaceae sont mieux
représentées en termes de richesse spécifiguaestéd.a présence exclusive du groupement
a Khaya grandifoliolaet Aubrevillea kerstingidans le district phytogéographique de Bassila
est interprétée comme irradiation du bloc forestiezidental durant les phases humides des
changements climatiques du quaternaire. La compodioristique des ilots de forét dense
humide semi-décidue du Sud-Bénin et 'ensemblemqlle de la période humide du début
Holocéne et de I'Holocéne moyen sont similaires.cAurs de cette période, le groupement a
Terminalia superbaet Piptadeniastrum africanupqui correspond au type le plus humide de
forét dense semi-décidue en Afrique de I'Ouest, idenait la végétation du Dahomey-Gap.
La position actuelle de ce groupement qui se trozoEfiné aux ruisseaux dans les foréts
religues de Pobé, Niaouli et Dangbo est interpré@®mme une réponse écologique a la
période séche de I'Holocene récent.

Le chapitre 5 traite des espéces et communautés végétales resndeédisparition.
Nous avons identifié 280 especes végétales mendeédisparition dont 90% présentent une
forte probabilité d’extinction. Par elles, 19 safintérét régional pour la conservation et 10
sont sur la liste rouge de I''UCN. L’analyse chagiue a révélé la dominance des especes
guinéennes qui représentent 77% des especes memacegistrées. Ce fait est corroboré par
la forte concentration des espéces menacées dafisttede foréts denses humides. Les sites
les plus riches en «espéces endémiques localesPsba (17 espéces exclusives), Dangbo
(11 espéces exclusives), Ewe (9 espéces exclusteshozon (8 especes exclusives). Un
accent particulier est mis sur la nécessité dearwas les ilots de foréts dense humide semi-
décidues qui abritent environ 20% de la flore matle. La forét marécageuse de Lokoli, la
mangrove de Ouidah, les inselbergs du DP du Zda €haine de I'Atacora qui abritent les
deux especes végétales endémiques au Bénin, méniemttention particuliere en matiere de
conservation de la biodiversité au Bénin. La plupde ces sites prioritaires pour la
conservation de la biodiversité abritent aussi demmunautés végétales menacées de
disparition. Les données sur la distribution desf@s et communautés végétales menacées
de disparition peuvent étre capitalisées dans lianaéion du réseau des aires protégees.

Une discussion générale de tous les aspects abdefésla thése est présentée au
chapitre 6. La distribution de®inoreaau Bénin corrobore I'hypothése selon laquellélts
de forét dense humides semi-décidue sont des gedtig groupements végétaux issus de la
fragmentation forestiére engendrée par la périadhes de I'Holocéne récent. Nous avons
discuté de l'intérét que nos résultats présentent e conservation de la biodiversité au
Bénin.
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Chapter 1

GENERAL INTRODUCTION
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Chapter 1: General introduction]

1.1. BACKGROUND

There is general agreement that biodiversity isenrassault on a global basis, and that
species are being lost at a greatly enhanced (esalton & May 1995, Royal Society 2003).
Around a tenth of the world’s bird species and artgr of its mammals are listed by the
World Conservation Union (IUCN) as threatened vetinction (IUCN 2002). Between half
(0.5%) and one (1%) percent of the world’s tropfcaest are still being lost each year (FAO
2001a, Achard et al. 2002). The process of defatiest in Africa, which is mainly due to
shifting cultivation and timber exploitation, isqueeding at an alarming rate. From 1990 to
2000, 12 millions hectares of forest have beenretean West Africa (FAO 2001b). The
FAQO'’s study conducted from 1990 to 1995 showed thathighest annual rate of African
forest and woodland destruction occurred in WestcAh countries such as Togo (1.44%),
Ghana (1.26%), Benin (1.25%), Guinea (1.12%), Gan{bi86), and Nigeria (0.86) (FAO
1995). The last estimate of forest cover changerteg that Benin has lost 6990 kof forest
within the period of 1990-2000, which correspondato annual deforestation rate of 2.3%
(FAO 2001b). In addition to this high rate of defstation, the vegetation of Benin and Togo
has been considerably influenced by the Holoceingatkc changes (Salzmann & Hoelzmann
2005).

Southern Benin belongs to the Dahomey Gap, whichbeadefined as the climatically
dry corridor separating the West African rain fareso the Upper and Lower Guinean forest
blocks (White 1983, Poorter et al. 2004). It isaetpd as an important ecogeographical
barrier to species exchange between the two fdolestks and is, as such, of a crucial
significance for their distribution patterns in Wedrica (van Bruggen 1989, Martin 1991,
Jenik 1994). The lowland vegetation of the Gapoimpletely devoid of evergreen rain forest
and its associated plant and animal species. largely dominated by farms, fallows and
grasslands intermingled with small islands of sdetiduous forest. The phenomenon of the
Dahomey Gap and extensive deforestation make thwahdlora of Benin — which is being
estimated to encompass c. 3000 plant species -ivedya poor in comparison with
neighbouring countries such as Nigeria, Ghana amy ICoast (Project Flora of Benin 2001).
The flora of Benin is expected to be comparablth&b of Togo, which has been estimated at
3085 plant species (Afidégnon et al. 2003, Eartendis-Togo 2003). With the growing
awareness of the problem, the biodiversity condienvan Benin has become an issue of
increasing priority both at national and internaéiblevel.

The conservation of habitats and landscapes cotestibne of the major targets (target
4) of the Convention on Biological Diversity (CBM@2) through its global strategy for plant
conservation. Meeting this biodiversity conservatiarget requires every country or state to
engage in systematic conservation planning andeckleonservation action. Some of the key
measures needed to achieve the “target 4” incl(®eidentification and classification of
habitats types (or vegetation types), (2) mappireas of habitat types, (3) assessing the
conservation values of habitat types, (4) assesbnegts, and (5) devising ideal conservation
networks. Understanding plant species distribupatterns and the underlying factors is a
crucial step for the conservation and managemerlarit communities and ecosystems.
Conservation planning will be greatly strengtherfdnlogeographical models are predictive,
which requires assessment of processes likely ftoeimce the distribution and survival of
species in the future (CBD 2002).

In general, studies on the vegetation of Beninsgaase and are only available at local
level (Paradis 1983, Adjakidjé 1984, Akoegninou4,98insin 1993, Sokpon 1995, Houinato
2001, Akoegninou et al. 2002, Oumorou 2003). Haedly general vegetation analysis based
on detailed inventories has been done. FAO/PNUDBB{L%Nnd Adjanohoun et al. (1989)
described the major physiognomic units in termthefmost abundant species. A recent study



on natural forests has provided details on climgiddterns and appears to be the only
vegetation study based on a countrywide floristicvey (Akoégninou 2004). Hitherto no
specific aspects of gradients in species composditd underlying factors controlling plant
distribution patterns have been studied. Furtheemanformation on plant species and
communities of conservation concern is almost cetapf lacking. Therefore, assessing plant
species and community distribution patterns, eaodgorocesses sustaining these patterns,
and their conservation value should be regardeahasportant step forward towards plant
biodiversity conservation in Benin.

Research objectives
The main objective of this research is to contebiat a better knowledge of the vegetation
patterns in Benin, and to elucidate the underlyngironmental factors and implications for
biodiversity conservation. More specifically, thena of this thesis are:
« To propose a phytogeographical subdivision of Behased on plant species
composition;
* To describe the major plant communities in Benid atucidate their relationships
with species distribution range types and ecolddéaors;
* To elucidate the semi-deciduous forest patternierims of ecological factors and past
climatic changes with emphasis on the Dahomey Gap;
* To identify plant species with conservation pripriuch as threatened plant species
and communities;
» To provide baseline biological information essdntifr plant biodiversity
conservation.

1.2. STUDY AREA
1.2.1. Location and area

The Republic of Benin is situated in West Africavibeen the latitudes®80’'N and 1225’N
and longitudes @5’E and 855°E. It is bordered by the republics of Togo ie thiest, Nigeria

in the east, Atlantic Ocean in the south, Burkiaad-and Niger in the north. It covers a land
area of 112 622 km The population has been estimated at 6 752 S6&bitants with an
average density of 57 inhabitants pePKihNSAE 2002).

1.2.2. Soils and geology

In general, the profile of the country is an undinig plateau with a few scattered hills in the
centre and the north. The altitude varies fromleeal to 400-650 m in the northwest, where
the Atacora chain is the outstanding feature. Ggoédly the southern part refers to the West
African Continental Terminal with sedimentary roekile the northern section refers to the
Precambrian Shield (from 730’N northwards) with granito-gneissic rock, whican be
found as outcrops (inselbergs). Four major groupsoids can be distinguished (Willaine &
Volkoff 1967): (1) ferrallitic soils covered by sewheciduous forest, (2) ferruginous soils
covered by dry forest, woodland, and savannah,véjisol in the depression of Lama
covered by a particular dry type of semi-decidufmusst, and (4) hydromorphic soils covered
by swamp and riparian forests (Figure 1.1).
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1.2.3. Climate

The mean annual rainfall varies from 900 to 1300. imlowest values are recorded in the
south-westernmost section and in the far north {8® mm). The highest precipitation
(1200-1300 mm) is confined to Southeast Benin dbkagethe tract Bassila-Djougou (Figure
1.2). The mean annual temperatures range from 281G and may exceptionally reach 35-
40°C in northern localities such as Kandi and MaldaviThe annual temperature amplitude
is low in the southern part (5-X0) while it is higher (11-1%€) in the northern part (from the
latitude 8N northwards). As in most West-African countriebg tclimate is primarily
determined by the annual cycle of the “Inner Trapi€onvergence Zone” (ITCZ). Three
climate zones can broadly be distinguished (Adjanohet al. 1989, Akoegninou 2004):

(1) The southern zone: From the coast up to thieidiat 7°N, the climate is Guinean or
subequatorial with two rainy seasons alternatinty wilong dry season (December-February).
The short dry season (July-August) rarely exceedsmonths.

(2) The transition zone: Between the latitudes @°@N, the climate becomes subhumid
or subsudanian with a tendency to a pattern ofraimy season and one dry season. The two
rainfall peaks tend to merge into one peak, whichicates a unimodal rainfall regime.

(3) The northern zone is characterised by a trulya®ian climate with a unimodal rainfall
regime. The rain season lasts 7 months (on avesagkgdovers the period April-October with
the optimum around August/September.

1.2.4. Vegetation

Following White (1983), three major vegetation zowan be distinguished in Benin (Figure
1.3):

(1) The zone of mosaic of lowland rain forest aedomdary grassland: Most of the
original vegetation has been replaced by secondgagslands or thickets due to the
phenomenon of the Dahomey Gap and human actiste$s as shifting agriculture and
logging. The extant natural plant formations arpreésented by patches of semi-deciduous
and swamp forests. The common species inclligi@ochiton scleroxylon, Celtis zenkeri,
Cola gigantea, Milicia excelsa, Antiaris toxicarideiba pentandra, and Albizigpp.
“Undisturbed” swamp forest dominated Alstonia congensis, Xylopia rubescerend
Syzygium owarienss rare. In the extreme south, there is a sandgtabstrip with thickets
dominated byChrysobalanuscaco var. icaco. The mangrove vestiges are dominated by
Rhizophora racemosa and Avicennia germinans

(2) The zone of Sudanian woodland with abundsoiberliniaspp.: Associated species
include Monoteskerstingii and Uapacatogoensis Berlinia grandiflora and Cola laurifolia
are common in riparian forest (Natta 2003). The &yest dominated byAnogeissus
leiocarpa also occurs and generally fringes the ripariaredbor Parklands dominated by
Vitellaria paradoxa Parkia biglobosa KhayasenegalensiandAfzeliaafricanaare common
in the area (Wezel & Bocker 2000). Beside the egjmmof crop land, the traditional use of
fuel is another important factor in the reductidnmodlands. In 1995, 93% of the total fuel
energy used in Benin came from fire-wood and char@&/orldbank 1998).

(3) The zone of undifferentiated Sudanian woodldedoid oflsoberliniaexcept in few small
pockets: The commonest species incl@mmbretumspp., Acacia spp. Hyparrhenia spp.,
Loudetiaspp. andAndropogorspp.
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The country covers a land area of 112 627 kofi which 24% is covered by forest (Earth
Trends-Benin 2003). About 22.7% of the total lamdaais legally protected (CENATEL
1992, FAO 2001b) (Figure 1.3). The vegetation imesal of the protected sites has almost
entirely vanished and has even been invaded blemettts; typical cases include Alibori

Supérieur and Goungoun. Some sites such as Attiééagd Agoua are simply replaced by
plantations.
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Abstract

This study is based on 598 phytosociological redeanéd 1021 plant species taken during an
extensive vegetation survey in the Republic of BeMite selection was primarily directed
towards forest reserves on purpose, to understémed potential vegetation patterns
countrywide. Distributional patterns numericallysassed by means of Two-Way Indicator
Species Analysis (TWINSPAN) and Detrended Corredpane Analysis (DCA) suggested a
meaningful subdivision of Benin into ten phytogesgrical districts (PDs). Chorological
analysis proved to be valuable as a complementapyoach to the characterisation of the
phytosociologically-defined districts and allowecheir merging into three major
phytochorological zones, namely the Guineo-Congodiad Sudanian regions, linked by the
Guineo/Sudanian transition zone. The phytochorcklgionation reflects the general climatic
patterns. While the climate seems to be the prinfe@ator, a more complete interpretation of
the observed patterns should include the jointcefté several ecological factors (climate,
soil, geology, and land form) as well as historitadtors (past climatic fluctuations). The
biogeographical particularity of the PD Pobé in teen Benin was elucidated by the
exclusive presence of the Guineo-Congolian endgeinera such aSmphimasAnthonotha
DistemonanthuysHymenostegiaAnthrocaryon Coelocaryon andDiscoglypremnaThe PDs
Bassila and Atacora Chain turned out to be of geeatogical and biogeographical relevance
within the Sudanian regional centre of endemism.pideided evidence for a former floristic
connection of these two PDs to the Upper GuinearstWdrican forest block. Benin's
endemic plant specidhunbergiaatacoriensigAcanthaceae) was found to be confined to the
Atacora Chain. The results show how the phytosogilapproach through numerical
analysis of a large dataset constitutes an efectivethodological tool for clarifying
phytogeographical patterns at meso-scale.

Key words: Phytosociology, phytogeography, chorological asialy TWINSPAN, DCA,
Benin Republic, West Africa.
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2.1. Introduction

One of the reasons for making vegetation maps hlesys been that vegetation faithfully
portrays the character of the environment. Indeedgetation mapping is the only effective
method to represent the ecological order of oundjvspace (Kichler 1988). This is true,
because only on a map the extent and the distibudf plant communities can be shown
objectively.

Important contributions to the phytogeographicalision of Africa include, among
many others, the work of Chevalier (1933), Lebrd@4(7), Aubréville (1949a & 1949b),
Monod (1957), Trochain (1970), and White (1979 &3p These authors attempted to divide
the African continent into a number of chorologicalits such as Regions (or Phytochoria),
Domains, and Sectors. These units display a degreedemism and climatic distinctiveness
that decrease from Region level to sector levehBrBlanquet 1932; Trochain 1970; Guinko
1983). A district, which is the lowest recognisapleytogeographical rank, is characterized
by some infra-specific endemism and an absencelimfatic particularities (Lacoste &
Salanon 1969). It can be a result of floristic diegions from surrounding centres of
endemism. The most outstanding contribution to #feican phytogeography is the
chorological map of White (1983) who developed stey of regional centres of endemism,
Transition zones, and Regional mosaics. White (LS8t stipulated the criteria of a
Regional Centre of Endemism: it should both haveentban 50% of its species confined to
it, and a total of more than 1000 endemic spedésegional scale, the Republic of Benin
(West Africa) falls into three phytochorologicalras: the Guineo-Congolian regional centre
of endemism, the Guinea-Congolia/Sudania regionahsttion zone and the Sudanian
regional centre of endemism (White 1983).

Major local phytogeographical studies in Benin uu® the work of Adjanohouet al.
(1989), Wezekt al. (1999), Houinateet al. (2000) and Akoegninou (2004). Based on field
experience and literature review involving the wofk<eay (1949) in Nigeria, Ern (1979) in
Togo, Hall & Swaine (1981) in Ghana, Adjanohoetal (1989) distinguished ten major
vegetation types grouped into four floristic zonesluding the Coastal zone, the Guineo-
Congolian zone, the Guineo/Sudanian transition zomeé the Sudanian zone. Based on the
work of Adjanohoun (1989) and satellite image iptetation, Wezeétal. (1999) recognised
Six major vegetation zones in Benin. Houinatal. (2000), documenting the map established
by Adjanohouretal. (1989), recognised ten phytogeographical distriesing the distribution
of Eragrostisin Benin. Based on the work of Adjanohoeiral. (1989) and climate zonation,
Akoegninou (2004) subdivided the country in tentsex None of these studies were
performed on a phytosociological basis and thesudéfined were held together just by a
certain physiognomic or climatic similarity, not figristic relationships. It is important that
phytogeographical analysis be made on floristiaigds, as taxa and communities generally
provide the best assessment of the environmentb@uamire 1968, Hill 1977). Natural
regions are best defined by functional relationshigetween physical factors of the
environment and biological components such as a@igatand animal communities (Rowe &
Sheard 1981).

Floristic patterns have interested phytogeograpf@rsenturies, and the subject has
been approached in several ways, for instance bgmimng the phytogeographical
distribution of individual species, physiognomiafieres or plant communities (Preston &
Hill 1997, Ojedaet al 1998, Dahl 1998). The description and interpretabf distributional
data for many species at biogeographical scalessept a holistic approach to biogeography
that can provide hypotheses to be tested by furtimervation and by experimental,
deductive, and historical studies (Birks 1976). fdundation of quantitative phytogeography
lies in the fact that all range-limited speciesnga, and families are related to certain
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communities, and these communities indicate thentbaties of biogeographical units. The
analysis of general patterns in biogeography thuslves considering many species at the
same time at many sites, and hence, inevitably \negothe use of multivariate methods
(Myklestad & Birks 1993). Here we report a phytogephical subdivision for Benin, based
for the first time on an extensive phytosociologisarvey and numerical-chorological
approaches. It is assumed that clear patterns exidtcan be detected by careful analysis of
the distribution patterns of large number of spgcigus, this paper aims to explore how well
numerical analyses based on phytosociological ptiorm at meso-scale (i.e. country level)
in retrieving the major phytogeographical units argplitting them into lower
phytogeographical ranks such as district. Our psgpwas to develop a comprehensive,
phytosociologically and chorologically-based phyographical subdivision in Benin.

2.2. Materials and Methods
2.2.1. Survey area

The study was conducted in the Republic of Bentoated in West Africa between latitudes
6°10’'N and 1225'N and longitudes®@5’E and 855°E (Figure 2.1). In general, the profile of
the country is an undulating plateau except fava $cattered hills in the centre and the north.
The altitude varies from sea level to 400-650 nthm northwest, where the Atacora chain is
the outstanding feature. Four major groups of smils be distinguished (Willaine & Volkoff
1967): (1) ferrallitic soils covered by semi-demds forest, (2) ferruginous soils covered by
dry forest, woodland, and savannah, (3) vertisnlshie depression of Lama covered by a
particular type of semi-deciduous forest, and (Ajromorphic soils covered by swamp and
riparian forests.

The mean annual rainfall varies from 900 to 1300. itsnlowest values (900-950 mm)
are recorded in the southwest and in the far nditle. highest precipitation (1200-1300 mm)
is confined to Southeast Benin as well as to thet Bassila-Djougou. East-west and south-
north rainfall gradients can be distinguished. Tean annual temperature ranges from 26 to
28°C and can exceptionally reach 35@0n northern localities such as Kandi. The annual
temperature amplitude is low (5-1@) in the southern part while it is high (11°C3 in the
northern part (from the latitude’® northwards). As in most West-African countrielse t
climate is primarily determined by the annual cyofethe “Inner Tropical Convergence
Zone” (ITCZ). Three climate zones can broadly b&tidguished (Adjanohoun et al. 1989;
Akoegninou 2004): (1) From the coast up to 7°-7RBahe climate is subequatorial with two
rainy seasons alternating with a long dry seas@té¢hber-February), and a short dry season
(July-August), which rarely exceeds two months. B2fween the latitudes 7°-7°30’and 9°,
the climate becomes subhumid or subsudanian witndency to a pattern of one rainy
season and one dry season. (3) The northern sdstioharacterised by a truly Sudanian
climate with a unimodal rainfall regime.

Benin’s southern part belongs to the Dahomey gapctwis the dry wedge that
separates the West African rain forest belt intee thipper Guinea and Lower
Guinea/Congolian Forest Blocks (White 1983). Asulit, this part of the country (from the
coast up to c. 7°30’'N) consists of savannah, gaasslfarmland, and fallow intermingled
with small islands of closed forest (semi-deciduandg swamp forests). From c. 7°30'N to
12°25' N, the natural vegetation is essentially madeaopatchwork of woodlands and
savannahs with belts of riparian forest along sver
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Figure 2.1: Map of Benin indicating the variousdstsites.

2.2.2. Data collecting

The vegetation map of Benin (FAO/PNUD 1980) wasduas the basis for site selection.
Guided by field experience of local botanists acol@gists, we made a checklist of protected
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areas, sacred or communal forests, and all unpgeate&ireas hosting a tract of relatively
“undisturbed” vegetation. To be certain that a# thajor vegetation zones were covered, we
prepared a map showing the distribution of the libea where “undisturbed vegetation” is
likely to be found. At each locality, we avoidedgeg¢ation plots with strong human
interference in the choice of sites and placemésample plots.

Phytosociological relevés according to Braun-Blarigu(1932) approach were carried
out at sites hosting the major plant formationshsas mangrove, swamp forest, semi-
deciduous forest, dry forest, riparian forest, waad, and savannah (Aubréville 1957). At
each site we selected representative and homogesample stands, following the variations
in dominant species and the major environmentalofacsuch as soil texture, outcrops,
topography etc. The geographical coordinates atimicdd were noted using a GPS (Global
Positioning System). General information related swil conditions (texture, flooding,
outcrops etc.) and topography (plateau, slope vafidy) was noted. The vegetation structure
(number of layers, their cover and height) was diesd. We visually estimated the cover of
each species using the Braun Blanquet cover/aberdscale (Westhoff & van der Maarel
1978): +: rare, less than 1% cover, 1: 1-5% co2eB-25% cover, 3: 25-50% cover, 4: 50-
75% cover, and 5: 75-100% cover. In total 598 élici relevés were, in most cases,
performed within quadrates of 30 x 30 m excepilpanian forest, where rectangular plots of
50 x 10 m were laid out. The relevé points wereag@rover the whole country in such a way
that they can be considered as representativeeagh#jor vegetation types.

Climatic data (rainfall, temperature and air huryidifor the period 1956-1996 were
obtained from 24 meteorological stations. The ddfashich consists of monthly climate
values, is available from the Laboratory of Botaatythe University of Abomey-Calavi
(Benin). Akoegninou (2004) provided a synthesigr{atic map) of these data. The major soil
types were derived from the pedological map of BéWillaine & Volkoff 1967).

2.2.3. Data processing
Identification of floristic patterns

A dataset including 598 relevés and 1021 plantispagas set up using the version 2.0 of the
software “Community Analysis Package (CAP)” (PISCE&servation LTD 2002). In order
to work out the major floristic units or trend aiuntry level, we excluded from the overall
analysis the 236 relevés taken from a-zonal fonatisuch as swamp forest (29 relevés),
mangrove (2 relevés), riparian forest (133 relewés) its fringing dry forest (72 relevés). But
they were included in the chorological and similaganalyses later on. Each major floristic
unit was partially analysed to generate smalleridlie units, which geographically
correspond to phytogeographical districts.

The classification and ordination were respectivpgrformed using the Two-Way
Indicator Species Analysis (TWINSPAN) (Hill 1979ahd the Detrended Correspondence
Analysis (DECORANA or DCA) (Hill 1979b). The purpesof the classification was to
categorise the relevés into clusters based on pieit species composition. The purpose of
the ordination was to obtain, for each vegetatielewé, a numerical score indicating its
position along an axis representing the main trehdariation in the floristic data. The
numerical techniques adopted here have been stubespplied to data at biogeographical
scales (Pedersen 1990, Hill 1991, Ojedal. 1998; Lawesson & Skov 2002). They are all
based on the weighted-averaging eigenvector oidm&tchnique of correspondence analysis
(CA) (Hill 1973 & 1974, Jongmaset al. 1995) that attempts to recover major patterns or
structure as the first few ordination axes, ancetegate individual responses and noise within
the data to later axes (Gauch 1982).
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The geographical interpretation of TWINSPAN classifion and DECORANA
ordination was based on the spatial distributiontref clusters (vegetation relevés). The
mapping of these clusters and the phytogeograplsigbtiivisions per se were performed
using the software Arc View.

Exclusive species- i.e. species completely or almost completely cuwedito a given
phytogeographical district (Braun-Blanquet 1932)were used to floristically characterise
each phytogeographical district.

Patterns of (dis)similarities among phytogeograghiistricts

Once the country was divided into to a number obgamisable phytogeographical districts,
the degree of distinctiveness of their floras wgdaed. This is an evaluation of the floristic
relationships among the phytogeographical distbeised on their overall floristic content.
The plant species recorded from all the major \adget types (zonal and a-zonal) were
involved in this analysis. We set up a presencefad®s matrix consisting of a number of
defined phytogeographical districts and 1021 péqetcies. The pattern of (dis)similarities in
species composition among phytogeographical distwas assessed using the index of
similarity of Jaccard (1901), which is given by foemula:

P =100 x
. a+b-c

where Ris Jaccard’s community coefficient, a is the numbeérspecies present in the
community A, b is the number of species in the camity B, and c is the number of species
shared by A and B.

The coefficient of dissimilarity (D) is merely deéd as:
D=1-P

The computation was automatically performed with sbftware CAP (PISCES Conservation
LTD 2002). This index has proved to be a consistegbod measure of similarity for
presence/absence data (Mucina & van der Maarel)1989

Chorological spectrum of phytogeographical district

It should be stressed that the phytogeographidticis defined by means of multivariate
analyses should be regarded as reference points nahdas definitive entities. The
chorological (distribution range types) charactdre was decisive to fully understand the
floristic patterns. We used the publications of K&aHepper (1954-1972), White (1983),
and Aké Assi (2001 & 2002) to determine the chapetyi.e. distribution range type) of each
species. The five main chorotypes used are aswsll&GC: Guineo/Congolian species, S:
Sudanian species, SZ: Sudano-zambesian speciesG @ @ea-Congolia/Sudanian transition
species i.e. linking elements between the GuineogGlian and Sudanian Regions, and Wd:
Species with wide distribution such as Cosmopalitantropical, and Paleotropical. The
proportions of the various chorotypes were caledaising the species checklists compiled
for each phytogeographical district. The mergingtloé phytogeographical districts into
chorological zones was based on the variationamptioportions of GC, S arZ.

16



Chapter 2: Phytogeographical subdivision

Climatic data handling

Climatic data including rainfall, temperature arukit distribution over the year were
summarized in the form of ombrothermograms (or atimdiagrams). The climatic diagrams
display monthly averages for temperature and rhiofeer the year. When the rainfall curve
supersedes the temperature curve, it delimits @a, avhich corresponds to the period of the
rainy season. When the rainfall curve falls under temperature curve, the area between
them indicates the dry season (Gaussen 1955, W&IE).

2.3. RESULTS
2.3.1. Preliminary analysis
The TWINSPAN classification of the 362 relevés &6& plant species from zonal formation

resulted in foumain clusterswhich correspond to the second dendrogram |éved. DCA
ordination shows that these clusters are pattesltety a climatic gradient (Figure 2.2).
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Figure 2.2: DCA ordination of 362 relevés and 86&np species taken from zonal formation in Benin,
showing four clusters. CLI: Semi-deciduous foredt2Cdry semi-deciduous forest, CL3: Woodland, sanadm
woodland and tree savannah, CL4: Tree and shrub salvaNote: The geographical interpretation of tHese
clusters is presented in Figure 2.3.

The four clusters can be described as follows:

(1) Cluster CL1: includes the 136 semi-deciduousdbrelevés from the southern part of the
country. The most frequent species within this telusre Triplochiton scleroxylon Cola
gigantea Trichilia prieureana Celtis zenkerj Celtis prantlii, Antiaris toxicaria, Dialium
guineensg Lecaniodiscuscupanioides and Rothmannialongiflora. The most differential
species isTriplochiton scleroxylon This cluster geographically corresponds to tloeidtic
zone “So” (Figure 2.3), where the rainfall regimmébimodal with a rainfall gradient from east
(1300 mm/year) to west (900 mm/year). The soiersdllitic without concretions.
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(2) Cluster CL2: includes the 40 dry semi-decidutrgst relevés from the centre-western
part of the country. The common species encom@ada gigantea Celtis zenkerj Celtis
toka Antiaris toxicaria, Holoptelea grandis Erythrophleum suaveolens and Khaya
grandifoliola. This cluster is characterised by the absendgipfochiton scleroxylonand the
exclusive presence dkhaya grandifoliola and Aubrevillea kerstingii It geographically
corresponds to the floristic zone “Nw” (Figure 2.8)here the rainfall regime is unimodal
with an annual rainfall of 1200-1300 mm. The ssitarralitic with concretions.

(3) Cluster CL3: encompasses the 96 relevés fromdiand, savannah woodland, and tree
savannah dominated ligoberliniaspp. The tree layer is 8-15 m tall and its coamges from
40 to 80%. The common species within this clustetuide Isoberlinia doka Isoberlinia
tomentosa Anogeissusleiocarpa Pterocarpus erinaceus Vitellaria paradoxa Burkea
africana, Prosopisafricana, Pericopsislaxiflora, fzelia africana, and Kaempferiaaethiopica
The exclusive species algoberlinia spp. It geographically corresponds to the flacigibne
“Cn” (Figure 2.3), where the rainfall regime is onudal with an annual rainfall of 1000-1200
mm. The solil is ferruginous.

(4) Cluster CL4: includes the 90 relevés from ted shrub savannahs, in whidoberlinia
spp. is scarce. The tree layer is very sparse (dess than 20%) or practically absent. The
common species within this cluster arenogeissusleiocarpa Vitellaria paradoxa
Pterocarpuserinaceus Lanneaacida Burkeaafricana Combretumcollinum Combretum
nigricang Balanites aegyptiaca Combretum glutinosum Detarium microcarpum
Crossopteryxfebrifuga Acacia spp., andBombaxcostatum The exclusive species include
Haematostaphys barteri, Erythrophleum africanuminiiealia brownii, Albizia chevalieri,
Balanites aegyptiacaand Lonchocarpus laxiflora It geographically corresponds to the
floristic zone “Fn”, where the rainfall regime isimodal with an annual rainfall of 2000-900
mm. The soil is ferruginous.

The four clusters described above are geograpyisaflarated and correspond to four distinct
floristic zones (Figure 2.3).
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Phytogeographical subdivision
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2.3.2. Analysis of the relevés of the floristic zen“So”

167 vegetation relevés are involved in this analys86 relevés from semi-deciduous forest,
29 releveés from swamp forest and 2 from mangrove DCA ordination and TWINSPAN
classification of these 167 relevés and 561 plpaties shows five vegetation types (Figure
2.4) occurring in four geographically separatedasreWe considered these areas as
phytogeographical districts.
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Figure 2.4: DCA ordination of 167 vegetation sammpénd 561 plant species from the floristic zone”,;'So
showing 5 vegetation types. Type 1: Mangrove, TypEdastal semi-deciduous forest, Type 3: Swamp forest
Type 4: Semi-decidous forest under an annual riofal200-1300 mm, Type 5: Semi-deciduous foresteund
an annual rainfall of 900-1100 mm.

They can be described as follows:

* Types 1 & 2: include the relevés of mangrove éyl) and relevés of coastal forest (type 2).
Characteristic species of mangrove incliRtézophoraracemosaand Avicenniagerminans
Those of the coastal forest inclu8gzygiumguineensevar. littorale, Chrysobalanuscaco
subsp. icaco, Diospyros tricolor and Trichoscyphaoba These two vegetation types
geographically correspond to a distinct floristiobszone, which we refer to as the
phytogeographical district “Cétier”. The annualnfaill ranges from 900-1300 mm. The
hygrometry is very high (80% on average) due tloxipmity of the sea. The soil is sandy.

* Type 3: includes the relevés of swamp forest gdrbmorphic soil. Exclusive species
encompassMitragyna ledermannji Uapaca paludosa Syzygium owariense Xylopia
rubescensAnthostemaubryanum andRothmannia munsa@&he annual rainfall ranges from
1100-1300 mm. It geographically corresponds toséirdit floristic sub-zone, which we refer
to as the phytogeographical district “Vallée deu&né” (or Ouémé Valley).

* Type 4: includes the relevés of semi-deciduougdb of south-eastern Benin. The most
exclusive species includgtrombosigustulata DistemonanthubenthamianusandCanarium
schweinfurthii The annual rainfall is 1100-1300 mm. The soifa@gallitic on sedimentary
rock. It geographically corresponds to a distifati$tic sub-zone, which we refer to as the
phytogeographical district “Pobe”.
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Chapter 2: Phytogeographical subdivision

* Type 5: consisted of other relevés of semi-desiduforest in southern Benin. Exclusive
species include€eltis mildbraedii Rinoreabrachypetala Dennetiatripetala and Griffonia
simplicifolia. It is better described by the absence of theuska species of the vegetation
type 4. The annual rainfall ranges from 900-1100.ntre soil is ferrallitic on sedimentary
rock. It geographically corresponds to a distifati$tic sub-zone, which we refer to as the
phytogeographical district “Plateau”.

2.3.3. Analysis of the relevés of the floristic zan"Nw”

The DCA ordination and TWINSPAN classification d# 4emi-deciduous forest relevés and
178 plant species result in three vegetation typiisout clear geographical patterns. The
three vegetation types can be characterisedudyrevilleakerstingii Khaya grandifoliola,
andErythrophleumsuaveolensespectively. The annual rainfall is 1200-1300 amd the soil

is ferrallitic on crystalline rock. Since it is npbssible to divide this floristic zone unit into
further geographical subunits, we refer to it aspghytogeographical district Bassila.

2.3.4. Analysis of the relevés of the floristic zan“Cn”

The TWINSPAN classification of 96 relevés (from wiend, savannah woodland and tree
savannah) and 393 plant species discriminate thegetation types. The DCA ordination

shows that these vegetation types are patterned acsouth-north climatic gradient (Figure
2.5). Within the floristic zone “Cn” (Figure 2.3}he climate gradually changes from a
tendency to unimodal rainfall regime in the southeart to a truly unimodal rainfall regime

in the northern part. Consequently, the speciesposition change is gradual along this
climatic gradient.
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Figure 2.5: DCA ordination of 96 vegetation reley&sm woodland, savannah woodland and tree sa¥gnna
and 393 plant species from the floristic zone “Cstipwing three vegetation types. Type 1: Relevés fthe
area between the latitude$-7°30’ and 8-8°30'N, Type 2: Relevés from the area between théutids 8-
8°30’N and 930’-1C°N, Type 3: Relevés from the area between the la##80’-10°N and the northern limit
of the floristic zone “Fn” (Figure 2.3).
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The three vegetation types 1, 2 and 3 are ecolibgiead geographically separated and

correspond to three distinct floristic sub-zonebkjol we refer to as the phytogeographical

districts Zou, Borgou-Sud and Borgou-Nord respetyivThey can be described as follows:

* Type 1: includes the vegetation relevés from dhea between the latitude$-7°30°'N and
°—8°30'N. It is characterised by the absence of spesigsh aslsoberlinia tomentosa
Hexalobus monopetalus Uapaca togoensis and Grewia cissoides The most exclusive

species iAframomumatifolium.

* Type 2: includes the vegetation relevés from dhea between the latitude$-830°'N and

9°30’N. It can be characterised by the exclusive abseof species such @ombretum

glutinosum Ozoroa insignis Acacia ataxacantha and Acacia macrostachya The most

exclusive species iBetrapleuraandongensis

* Type 3: includes the vegetation relevés from dnea between the latitudé39’'N and the

southern limit of the floristic zone “Fn” The mastclusive species Sordylapinnata

2.3.5. Analysis of the relevés of the floristic zen“Fn”

TWINSPAN and DCA of 90 relevés (from tree and shsalvannahs) and 336 plant species
discriminate two vegetation types (Figure 2.6):
* Type 1: includes the relevés from the Atacora Mtains. The most exclusive species
encompassHaematostaphydarteri, Erythrophleum africanum, Terminalia brownignd
Commiphora pedunculata
* Type 2: includes the relevés from the plateaue ®xclusive species includélbizia
chevalieri Lonchocarpus laxifloraBalanites aegyptiacandGuiera senegalensis

These two vegetation types are ecologically andgggahically separated and
correspond to two distinct floristic sub-zones, ethwe refer to as the phytogeographical
districts Atacora Chain and Mékrou-Pendjari.
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Figure 2.6: DCA ordination of 90 relevés (from t&shrub savannahs) and 336 plant species, shawing
vegetation types.
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Chapter 2: Phytogeographical subdivision

2.3.6. Spatial interpretation of the clusters or vgetation types

The major floristic zones So, Nw, Cn and Fn (FigRr&) were respectively subdivided into
four (4), one (1), three (3) and two (2) phytogemipical districts (hereafter PD) on the basis
of species composition (Figure 2.7).
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For each PD, the ombrothermograms (climatic diaghaoi some localities are displayed
reflecting the south-north climatic gradient. Thedlities were chosen such that the climatic
diagram reflects the general climatic conditionthimi each PD.

2.3.7. Floristic relationships among phytogeographbal districts (PD)

Table 2.1 displays the patterns of R-diversity agnghytogeographical districts using
Jaccard’s similarity coefficient. The floristic tasice (D) between any two phytogeographical
districts is more than 50%. So, each of the ten @&sstand as floristically distinct unit. The
higher the value of the floristic distance, the enonportant the ecological difference (soil,
climate and land form) between PDs.

Table 2.1: Matrix of dissimilarity between phytogeaghical districts based on species compositiomgutsie
similarity index of Jaccard

Phytogeographical CcO PO PL VO BA ZO BS BN AT

districts

co

PO 67

PL 71 52

VO 78 71 75

BA 79 70 61 82

Z0 83 81 69 87 53

BS 87 86 78 89 56 54

BN 90 90 83 91 61 61 51

AT 89 90 82 91 63 65 61 55
M-P 97 96 90 97 74 71 69 56 63

CO: Cdtier, PO: Pobe, PL: Plateau, VO: Vallée deué®é, BA: Bassila, ZO: Zou, BS: Borgou-Sud, BN:
Borgou-Nord, AT: Chaine de I'Atacora, M-P: Mékrourlgri. Highest and lowest values of dissimilasie
shaded.

2.3.8. Chorotypic composition of the phytogeographbal districts (PDs)

Table 2.2 presents the proportions of the mainalbgical types in each PD.

Table 2.2: Chorological spectrum of the phytogeokica districts

Phytogeographical districts %

N GC SG S SZ S &Sz wd
Pobe 284 78 13 1 1 2 7
Vallée de 'Ouémé 209 76 16 0 2 2 6
Catier 191 68 16 1 3 4 12
Plateau 396 61 19 3 6 9 11
Zou 351 26 25 12 24 36 13
Bassila 424 36 23 11 19 30 11
Borgou-Sud 335 20 24 15 26 41 15
Borgou-Nord 316 12 25 18 30 48 14
Chaine de I'Atacora 330 18 24 16 32 48 10
Mékrou-Pendjari 244 3 27 22 31 53 17

N: Number of species recorded in each phyotgeodgraptistrict, GC: Guineo-Congolian species, S: &udn
species, SZ: Sudano-zambezian species, SG: GuinggelSudania transition species, Wd: widespread
species. Shaded lines indicate the phytogeogrdmtigtects where major floristic changes occur.
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Chapter 2: Phytogeographical subdivision

Reading the table from top to bottom i.e. from kotd north, the proportion of Guineo-
Congolian species (GC) decreases while that of adaS) and Sudano-Zambezian (SZ)
increases, if disregarding the PDs Bassila and ok&a€hain, of which the values do not
follow the general trend. This variation becomearglwhen moving from Plateau to Zou: 61-
26% for GC versus 9-36% for S & SZ. This indicaae®ajor change in species compaosition,
which suggests a shift from one phytochorologicahez to another. From the PD Zou
northwards the variation of GC and S & SZ becomesengradual. Along this south-north
gradient, the most important change in the spemagposition occurs when shifting from the
PDs Borgou-Sud to Borgou-North: 20-12% for GC ahe8% for S & SZ. Because of these
variations, the 10 PDs can be merged into threlbenighytochorological units (Table 2.2 &
Figure 2.7):

(1) The Guineo-Congolian region, where the proportbtf GC (61-78%) is remarkably high
and that of S & SZ (2-9%) is very low. It includd®e PDs “Cétier”, “Pobe”, “Plateau”, and
“Vallée de 'Ouémé”. The importance of GC clearbcdeases from Pobé to Plateau. This can
be related to the decrease of the annual raintadinamoving eastwards or northwards within
this phytochorological region. The rainfall reginie bimodal with two rainy seasons
throughout the area.

(2) The Guineo/Sudanian transition zone, where giraportions of GC and S & SZ are
relatively similar. It includes the PDs Zou, BorgBud and Bassila. The climate exhibits a
tendency to a unimodal rainfall regime and the taiafall peaks tend to merge into one peak,
which indicates one rainy season. Within this zdhe,PD Bassila is relatively richer in GC
elements than its southern and eastern neigboarias i.e. Zou and Borgou-Sud. This fact
seems to be favoured by particular ecological dar (annual rainfall of 1200-1300 mm
and ferrallitic soil) prevailing in this PD. Howevéhe proportion of S & SZ (30%) clearly
reflects its northern position.

(3) The Sudanian region, where S & SZ (48-53%) aitevit includes the PDs Borgou-Nord,
Atacora Chain, and Mékrou-Pendjari; the rainfajiinee there is unimodal. The difference
between the importance of GC and S & SZ is remdykiatportant in Mékrou-Pendjari (GC:
3% and S & SZ: 53%), where the climate is muchrdiiée proportion of GC in the PD
Atacora Chain (18%) is higher than in Borgou-Not@%) and Mékrou-Pendjari (3%). This
fact can be related to the altitudinal influence tbe mountain range, which makes the
environment cooler in the Atacora Chain compareitsteurroundings.

2.3.9. Floristic and ecological background of thelp/togeographical districts
Table 2.3 summarises the chorological, floristicl @tological characteristics of each PD.

From this table and Figure 2.7, the climate and gges appear as the major factors
determining the observed phytogeographical patterns
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Table 2.3: Ecological, chorological, and floristitaracterisation of the phytogeographical districts

Phytogeographic R

districts

Cotier

Pobe

Plateau

Vallée de

'Ouémé

Bassila

Zou

Borgou-Sud

Borgou-Nord

Chaine de
I’Atacora

Mékrou-Pendjari

Bi

Bi

Bi

Bi

TUn

TUn

TUn

un

uUn

un

Rainfall
(mm)

900-1300

1200-1300

900-1100

1100-1300

1100-1300

1100-1200

1100-1200

1000-1200

1000-1200

950-1000

Major soil types

Sandy +
Hydromorphic &
halomorphic soils

Ferrallitic soils
without concretions

Ferrallitic soils
without concretions

Hydromorphic soils

Ferrallitic soils with
concretions and
breastplates

Ferruginous soils on
crystalline rocks

Ferruginous soils on
crystalline rocks

Ferruginous soils on
crystalline rocks

Poorly evolved &
mineral soils

Ferruginous soils
with concretions on
sedimentary rocks

PChor

GCR

GCR

GCR

GCR

GS

GS

GS

SR

SR

SR

Major plant
formation

Coastal forest and
derived thickets,
Mangrove

Semi-deciduous
forest

Semi-deciduous
forest

Swamp and semi-
deciduous forest

Semi-deciduous
forest, woodland, anc
riparian forest

Dry forest,
woodland, and
riparian forest

Dry forest,
woodland, and
riparian forest

Dry forest,
woodland, and
riparian forest

Riparian forest, dry
forest, and woodland

Tree and Shrub

savannahs, dry forest

and riparian forest

Species exclusive to the phytogeographical district

Diospyros tricolor, Chrysobalanus icasuibspicaco, Syzygium guineengar. littorale, Barteria
nigritana, Trichoscypha oba, Cassipourea barteme&thmannia pubescens, Dalbergia ecastaphyllum

Strombosia pustulata, Canarium schweinfurthii, Bisbnanthus benthamianus, Chytranthus
macrobotrys, Coelocaryon preussii, Amphimas ptenociges, Euclinia longiflora, Sherbournia
bignoniiflora, Hannoa klaineana, Landolphia incerta

Celtis mildbraedii, Rinorea brachypetala, Dennettigetala, Pouchetia africana, Lasiodiscus mannii,
Griffonia simplicifolia, Mansonia altissima, Pterg macrocarpa

Syzygium owariense, Xylopia rubescens, Mitragyderteannii, Uapaca paludosa, Rothmannia
megalostigma, Nauclea xanthoxylon, Tricalysia rgtita, Harungana madagascariensis, Anthostema
aubryanum, Lasiomorpha senegalensis Cynometra woge¢wia malacocarpa, Grewia barombiensis,
Zacateza pedicellata, Eremospatha macrocarpa

Khaya grandifoliola, Aubrevillea kerstingii, Erytbphleum suaveolens

Hildegardia barteri, Eugenia nigerina, Aframomuntifalium, Acridocarpus smeathmannii, Millettia
warneckeivar. porphyrocalyx*

Tetrapleura andongensis

Cordyla pinnata, Irvingia smithii*, Trichilia retues*

Haematostaphys barteri, Erythrophleum africanumiealia brownii, Commiphora pedunculata,
Bewsia biflora, Trachypogon spicatus, Eriocoelumstirgii*, Broenadia salicina*, Uvaria
angolensis*, Synsepalum passargei*, Thunbergiaatansis*, Chrysobalanus icacsubsp
atacorensis*, Garcinia ovalifolia*, Gardenia impetis*

Albizia chevalieri, Balanites aegyptiaca, Guierasgalensis, Sclerocarya birrea, Cadaba farinosa,
Lonchocarpus laxiflora, Grewia flavescens, Aca@gad, Ziziphus spinahristi*, Garcinia
livingstonei*

R: Rainfall regime: Bi: Bimodal (2 rainy seasoriB)in: Tendency to unimodal, Un: Unimodal (1 raingsen).
PChor: Phytochorological zones based on the coriposn distribution range types: GCR: Guineo-Coligyoregion, GS: Guineo/Sudanian transition zor&, Sudanian region. * Typical riparian forest spsci
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2.4. DISCUSSION
2.4.1. Interpretation of the phytogeographical unis

The previous phytogeographical subdivisions esthbli on the basis of physiognomic units
or climatic zonation (Adjanohoun et al. 1989, Weetlal. 1999, Houinato et al. 2000,
Akoegninou 2004) partly (in many instances) fit daoristic subdivisions based on vegetation
species composition using TWINSPAN classificatiamd @DECORANA ordination. Our
floristic units present some relationships with sarecognised in Togo (Ern 1979) and
Nigeria (Keay 1949 & 1953). However, interestingtéaand some modifications of the
original vegetation zone map (Adjanohoun et al. %&me up:

(1) The PD “Ouémé Valley” and Bassila emerge asasgp floristic areas in contrast to
Adjanohounet al. (1989). The pristine vegetation of the Ouémé &falis composed of
swampy and periodically-flooded forests on hillo¢karadis 1975). The presence of plant
species such aMlitragyna ledermannji Uapaca paludosa Syzygiumowariense Xylopia
rubescensAnthostemaubryanum Rothmannia munsa&pondianthupreussij andCarapa
procerasubstantiates itBoristic link to the Guineo-Congolian swampy for€g/hite 1983).

Its biogeographical particularity can be illustchtey the fact that the only family hitherto
considered endemic for the Guineo-Congolian refpomd in Benin — i.e. Octoknemataceae
(now in Olacaceae) witbctokneméeborealis (White 1983) — appears to be restricted to this
PD. As for the PD Bassila, its floristic particutgr had already been pointed out by
Adjanohouretal. (1989), Ayichédéhou (2000), Natta (2003), and édinou (2004).

(2) The PD Plateau is revealed as a homogenous @raeacterised by the species
combinationTriplochiton scleroxylonCeltis zenkeriwhile Adjanohounet al. (1989) split it
into two units.

(3) Far in the north, the PDs Atacora, Pendjari ‘&ddu Niger” of Adjanohouretal. (1989)
are simplified to the PDs Atacora Chain and Mékirmndjari. The Atacora Mountain turns
out as an ecologically and floristically distinatiuseparating the PD Mékrou-Pendjari into
eastern and western parts, which proved to besticailly similar.

In general, the various phytogeographic boundaaiesfloristically and ecologically
better supported. The phytochorological pattermlesved from species distribution ranges
coincides with the major climatic zones as suggebteAdjanohoun (1989) and documented
by Akoégninou (2004). Using the climatic index ofaMyenot (1951), Akoegninou (2004)
identified three main climatic zones in Benin, whiccorrespond to the three
phytochorological zones identified on the basisahposition in distribution range types: the
Guineo-Congolian and Sudanian regions separatetthdoysuineo/Sudanian transition zone.
The northern boundary of the Guineo-Congolian negiorresponds to the major change in
species composition and ecological factors suatliamte (bimodal versus unimodal rainfall
regimes), soil (ferrallitic versus ferruginous) amgology (sedimentary plateau versus
Precambrian shield). The vegetation consists ofi-seeiduous forest patches, farms, and
secondary succession to forest when moving soutsvaf this boundary, while the
vegetation includes Sudanian woodlands and savanfems, and secondary succession to
savannah when moving northwards (Hopkins 1992).

In fact, the observed phytogeographic pattern cdudd described as a result of
numerous ecological factors (geology, landform| aod climate) and historical processes
(human activity and past climatic changes). Thenhigportance of rainfall seasonality as
well as the amount of annual rainfall and soil typeobvious. Considering the high influence
of soil on the vegetation of the PDs Coast (sarml) and Ouémeé-Valley (hydromorphic
soil), the basic phytogeographical pattern seentsetthe zonal sequence Plateau & Pobé —
Zou — Borgou-Sud — Borgou-Nord — Mékrou-Pendjate Tchorological analysis clearly
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depicts this south-north floristic zonation (Tal&, Figure 2.7), which corresponds fairly
well with the climatic patterns (Akoegninou 200Zhe distinction of the PDs Pobé from
Plateau can be interpreted as a response to thigesstrsouthwest and south-north gradients
of decreasing annual rainfall (Paradis 1983). Theratypic and species compositions of the
PDs Bassila (in our Guineo/Sudanian transition ycered Atacora-Chain (our Sudanian
region) seem to be determined by other factors #w@logical factors, namely historical
processes. The past climatic changes would havealstdong impact on the vegetation of
southern Benin (Tossou 2002, Salzmann & Hoelzm&@bPas well as on the vegetation of
the PDs Bassila and Atacora Chain (Aubréville 19&fpagana 1989).

2.4.2. The phytochorological position of Southern &nin

The climax vegetation of southern Benin (from thast up to latitude c.°30'N) is described
as a semi-deciduous forest ofriplochitonCeltis type” (Paradis 1983, Sokpon 1995,
Akoegninou 1998), which corresponds to the drypyesial semi-evergreen rain forest of the
regional Guineo-Congolian phytochorion (Guillaun&tAdjanohoun 1971, White 1983,
Kouaméet al 2004). Among the three endemic plant speciekeBludanian Regional Centre
of Endemism (White 1983), onlitellaria paradoxahas been recorded around the latitude
7°N. This fact, added to the dominance of the GuiBeagolian species as shown by the
chorological analysis, leads to the logical conidghat the southern Benin should belong to
the Guineo-Congolian regional centre of endemismhi{®/ 1983). This hypothesis is
supported by earlier local studies (Adjanohatml. 1989; Sokpon 1995; Akoégninou 1998
& 2004) and numerical analyses of African planttrédisition patterns (Linder 1998).
However, it should be stressed that, in Benin,Gleo-Congolian endemic genera such as
Amphimas Anthonotha DistemonanthuysHymenostegiaAnthrocaryon Coelocaryon and
DiscoglypremnaWhite 1983) are restricted to the PD Pobe (seaitt- Benin). This lends
support to White (1983) who described southern Bems part of the Guinea-
Congolia/Sudania regional transition zone, excdya PD Pobeée that he included in the
Guineo-Congolian regional centre of endemism. Maxplicitly, southern Benin belongs to
the Dahomey gap, which is the dry wedge or savarmmahidor that separates the West
African rain forest belt into the Upper Guinea dmmver Guinea/Congolian Forest Blocks
(Aubréville 1937, White 1983, Ern 1988, Jenik 19B8ipont & Weinelt 1996, Nagedt al
2004). Palynological studies in Benin revealed ttte gap was “closed” in early-mid
Holocene times and its re-opening was induced leyabrupt climate change of the late
Holocene (4000-3000 years BP) (Tossou 2002, Salar&Hdoelzmann 2005). Nevertheless,
the present ecological conditions (bimodal rainfaljime, deep and well-drained ferrallitic
soil) are still favourable to the establishment anaintenance of a semi-deciduous forest,
which therefore seems to be the climax vegetatibnthis zone in the absence of
anthropogenic influence (Mangenot 1951, Akoégnii®98 & 2004). Aubréville (1962)
underlined soil type and even distribution of thegipitation throughout the year as strong
ecological determinants for the establishment @i farest. West African semi-deciduous
forest characteristic species suchCadtis spp.,Triplochitonscleroxylon Mansoniaaltissima
Nesogordoniapapaverifera Pterygota macrocarpa Milicia excelsaand moist elements
including Piptadeniastrumafricanum and Parkia bicolor (Vooren & Sayers 1992) are still
frequent in some semi-deciduous forest islandsunhern Benin.

In Benin, the Guineo-Congolian region (as defineateh is climatically (bimodal
rainfall regime), pedologically (ferrallitic soil)geologically (sedimentary plateau) and
floristically distinct from the Guineo/Sudanian risition zone. The PD Zou, which is the
southern part of our Guineo/Sudanian transition ezoffialls within the Guinea-
Congolia/Sudania regional transition zone of WI{it883). The transitional character of its
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Chapter 2: Phytogeographical subdivision

flora is well portrayed by its chorotypic compositi(GC: 26% and S & SZ: 36%) and the
climate prevailing in this PD. The climatic diagraxhBohicon and Save shows that the two
rainfall peaks (i.e. two rainfall seasons) tendnterge into one peak (i.e. one rainfall season),
indicating the transition to the Sudanian climatéiggre 2.7). Characteristic plant
communities of the Guineo-Congolia/Sudania regidnahsition zone have been reported
from the PD Zou: the dry semi-deciduous forest a@atad byHildegardiabarteri, Diospyros
mespiliformis and Pouteria alnifolia (Adjanohoun 1989, Akoégninou 2004) and riparian
forest dominated byParinari congensis Cynometramegalophylla Cola laurifolia and
Berlinia grandiflora (Natta 2003). It should be emphasised that therabvegetation of the
transition zone have been largely destroyed by ifegmlogging and fire, and thereby
converted into savannah (Keay 1959, White 1983 &kperiments at Olokemed;i in the
regional Guinea-Congolia/Sudania transition zondligeria, which showed that secondary
wooded grasslands, when protected against farnmddiee, can be directly invaded by forest
species and revert to close forest dominate#iildegardiabarteri, Diospyrosmespiliformis
andPouteriaalnifolia (MacGregor 1937, Clayton 1958, Charter & Keay 1960)

2.4.3. Biogeographical significance of the PDs ofaBsila and Atacora Chain

The natural vegetation (in absence of disturbanédghe PD Bassila seems to be a semi-
deciduous forest (Akoegninoet al. 2002) floristically similar to the dry semi-deamus
forest “fire zone subtype” of Hall & Swaine (19815 species composition is similar to the
Khaya grandifoliola - Aubrevillea kerstingii community described in Ivory Coast as a
northern type of semi-deciduous forest (Guillaum8etAdjanohoun 1971). Even if this
floristic zone is located in the Sudanian regiaraitre of endemism (White 1983), it appears
as floristically and chorologically more similar the Guineo-Congolian region. This fact is
illustrated by the presence of characteristic s#esiduous forest species such as
Triplochyton scleroxylon Celtis zenkerj Holoptelea grandis Cola gigantea Trilepisium
madagascarienseRinoreadentata Trichilia prieureana Pierreodendronkerstingii Albizia
ferrugineg and Rothmanniaongiflora. At first sight, it is difficult to say that theorthern
position of these species is either a consequehtigeopresent climatic (annual rainfall of
1200-1300 mm) and pedological (fairly deep fertiallsoil) conditions or an indication that
they survived the dry periods of quaternary climatianges. But, a thorough analysis of the
flora reveals that the populations of many spedetidingKhayagrandifoliola, Aubrevillea
kerstingii ErythrophleumsuaveolenandPentadesm#éutyraceaare restricted to this part of
the country. Green & Sayer (1978) pointed out tlbeascstent record of the monotypic
Guineo-Congolian endemic genésibrevilleawith A. kerstingii which is often associated
with Holopteleagrandis Celtis zenkeri Ricinodendronheudelotij Cola gigantea Antiaris
toxicaria, andEnglerophytunoblanceolatumThese facts constitute a floristic justificatitmn
the hypothesis that the flora of this PD have oagged from the Upper Guinea Forest Block
using the Togo Mountains as route of dispersioninduthe past climatic fluctuations
(Aubréville 1937, Guillaumet 1967, Adjanohoehal. 1989, Akpagana 1989A bridge of
rain forest connecting the PD Bassila to the Uppamea would have existed during the
humid periods of early Holocene to mid-HoloceneO@38000 years BP) (Tossou 2002,
Salzmann & Hoelzmann 2005). The record of a dengelption ofRinoreadentataprovides
further evidence for the existence of a true seaaidlious forest in a recent past, even though
currently the area is largely covered by woodlaadsl savannahsRinorea species are
considered as rainforest bio-indicator species umzaf their slow seed dispersal ability
(Achoundong 1996 & 2000). It is probable that ttaddra Chain has played a major role in
the ecological and historical processes leadirtgediloristic particularities of the PD Bassila.
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The Atacora Chain acts as a physical and florigigcontinuity dividing the PD
Mékrou-Pendjari into western and eastern parts,chvhiroved to be floristically and
ecologically similar. Furthermore, the Chain actsaarefuge for rain forest species such as
Antiaris toxicaria, Milicia excelsa Pentadesmabutyracea Lecaniodiscuscupanioides
DetariumsenegalenseandMillettia thonningii, which are abundant in some riparian forests
(Wala, 2005). Natta (2003) demonstrated that tleeisg composition of the riparian forest at
the foot of the Atacora Mounts is unique in Beniwith many exclusive species such as
Eriocoelum Kkerstingii, Broenadia salicina, Synsepal passargei Chrysobalanus icaco
subsp atacorensisandGardenia imperialis The exclusive presence of the Sudanian endemic
genusHaematostaphigwith H. barteri) (White 1983) and Benin’'s endemic plant species
ThunbergiaatacoriensigAkoéegninou & Lisowski 2004) constitute the majpogeographical
particularity of this PD.

2.5. CONCLUSION

This paper shows that meaningful and objective qugraphical subdivision can be
achieved using numerical and chorological analysbg;h suggest the partition of Benin into
ten phytogeographical districts (PDs) and two mpjortochorological regions separated by a
transition zone: the Guineo-Congolian region withirf PDs, the Guineo/Sudanian transition
zone with three PDs, and the Sudanian region \uitket PDs. The former phytogeographical
subdivision on climatic-physiognomic basis paritg the floristic patterns proposed in this
paper. The observed phytogeographical pattern séeims primarily influenced by climate.
Several ecological factors (climate, soil, geolagyg land form) and historical factors seem to
act together to give rise to the patterns describé@ PDs Pobé, Bassila and the Atacora
Chain turn out to be ecologically and biogeograglhic outstanding floristic areas.
Furthermore, this study reveals that phytosociol@nd chorology are complementary
approaches to quantitative phytogeography. Phytmgebical analysis based on the flora as
a whole, and if possible involving environmentatlormation, such as climate, soils, and
geomorphology, is likely to be more successful,lHag hitherto been scarce due to the lack of
adequate data.
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Abstract

Distribution patterns of vascular plants were stddon the basis of floristic data from 598
vegetation relevés of 30 x 30 m plots, taken duangextensive phytosociological survey
through latitudinal gradients in Benin. Two-Way icettor Species Analysis (TWINSPAN)
performed on the matrix of these relevés and 102dt species resulted in twenty distinct
plant communities, which overall floristic relatgrips were assessed using Jaccard’s index
of similarity. Chorological and Detrended Correspemce Analyses (DCA) of these plant
communities led to the recognition of four main whogical groups patterned along a
climatic gradient. The four chorological groups gephically correspond to four different
phytochorological zones. This allowed a synthetiewv of the relationships between
chorological categories, vegetation types, andoggcdl factors.

Our findings emphasised the overriding importanéewater availability and the
secondary importance of soil in controlling vegetapatterns at meso-scale. It is not correct
to assume that mean annual rainfall alone is thregpwater factor underlying plant species
distribution in tropical Africa. The climatic indeoxf Mangenot provides a better quantitative
assessment of climatic conditions at a site tharatinual rainfall.

The distribution of the various chorological catege within the vegetation types is
strongly correlated with the main ecological fasiowhose influences led to the present
vegetation patterns. This demonstrates the hightygliptive value of vegetation type with
regard to chorological categories, and vice vdesathermore, this study clearly reveals that
phytosociology and chorology are complementary @gghes to phytogeography.

Key words: Phytosociology, Chorology, Vegetation patterns, ADOWINSPAN, Water
availability, Climatic index of Mangenot, West Afd, Benin.
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Chapter 3: Gradients in species composition

3.1. INTRODUCTION

Natural regions are best defined by functionaltieteships between physical factors of the
environment and biological components such as pawt animal communities (Rowe &
Sheard 1981). The distribution of plant species @mimunities generally provides the best
assessment of environment. Overlap between diffespacies distribution patterns means
that species composition at a site may indicatéequarticular environmental conditions, a
basic premise of using vegetation to predict therenment (Hall & Swaine 1976). In Africa
South of the Sahara, the amount of Guineo-Conggliant species decreases with increasing
latitude from south (closed forest zone) to nomhvénnah zone), where the amount of
rainfall becomes low and the drought stress is .high the contrary, the proportion of
Sudanian elements increases along this south-ratitladinal gradient. In the Sudanian
region, the Guineo-Congolian elements tend to tadege in riparian forest, where soll
moisture is higher (Medley 1992, Kellmahal 1994, Meave & Kellman 1994, Natta 2003).
Therefore, we expect a strong correlation betwetmtpcommunity patterns and the
proportion of Guineo-Congolian or Sudanian species.

Understanding plant species distribution pattemds the underlying factors is a crucial
step for the conservation and management of plaminwnities and ecosystems. There is a
general agreement that climate is the primary faefplaining the distribution of forest and
savannah, at least at a continental scale (AdejM@d@i, Swaine 1992). In West Africa, there
is a strong south-north rainfall gradient from tbeastal zone to the Sahelian and the
vegetation species composition changes accordifgin Rompaey 1993, Bongeet al
1999). Wieringa & Poorter (2004) emphasised thatlémgth and intensity of the dry season
are likely to be stronger determinants of florigietterns than the rainfall per se. Aubréville
(1962) stressed that the even distribution of tleeipitation throughout the year and soil type
are strong ecological factors shaping the plantisgeand community patterns. White (983)
pointed out that the distribution of Guineo-Congalispecies in relation to moisture
conditions is complex and the relative importanderanfall is imperfectly understood.
Furthermore, the distribution patterns of many plgwecies are poorly correlated to rainfall
(Bongerset al. 1999). Thus, the effect of water availability xpeessed in terms of
precipitation, length and intensity of the dry s#as on vegetation patterns is expected to be
stronger than the influence of rainfall consideatmhe (Mangenot 1951, Gautier & Spichiger
2004).

In general, studies on the vegetation of Beninsgaase and are only available at local
level (Paradis 1983, Adjakidjé 1984, Akoegninou4,98insin 1993, Sokpon 1995, Houinato
2001, Akoegninowetal. 2002, Oumorou 2003). Hardly any general vegetaditalysis based
on detailed inventories has been done. FAO/PNUBB{L%nd Adjanohouret al. (1989)
described the major physiognomic units in termghef most abundant species. Recent study
on natural forests has provided details on climaginditions, but endeavoured to correlate
forest types to environmental factors (Akoégnin604). Furthermore, the specific aspects of
gradients in species composition have not been ieeain

This paper aims to identify the major plant comntiesj to determine their geographical
distribution through latitudinal gradients, andhighlight their ecological relationships with
hypothesised underlying environmental factors iditlg water availability (as a combination
of climatic factors) and rainfall (considered alpneNe analysed the chorological
differentiation of the flora within various vegetat types described and related these
chorological facts both to ecological factors arw Historical evidence. The present
vegetation-chorology-environment analysis providesramework for the development of
syntaxonomic vegetation units, vegetation mappamgl, climatic change studies in a tropical
African subhumid region.
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3.2. METHODS
3.2.1. Research area

The study was conducted in the Republic of Bentoated in West Africa between latitudes
6°10’'N and 1225’'N and longitudes @5’E and 855’E (Figure 3.1). It is bordered by the
Republics of Togo in the west, Burkina Faso andeNig the north, and Nigeria in the east.
In general, the profile of the country is a platedath a few scattered hills in the centre and
the north. The altitude varies from sea level t6-860 m in the northwest, where the Atacora
chain is the outstanding feature. Geologically shathern part (up to°30’'N) refers to the
West African continental terminal made of sedimgntack, while the central and northern
section refer to the Precambrian shield made afifgrayneissic rock, which can be found as
outcrops. Four major groups of soils can be disistied (Willaine & Volkoff 1967): (1)
ferrallitic soils covered by semi-deciduous forg8), ferruginous soils covered by dry forest,
woodland, and savannah, (3) vertisols soils indiagression of Lama covered by a particular
dry type of semi-deciduous forest, and (4) hydrgrhar soils covered by swamp and riparian
forests.

The mean annual rainfall varies from 900 to 1300. iisnlowest values are recorded in
the southwest and in the far north (900-950 mmg fighest precipitation (1200-1300 mm)
is confined to Southeast Benin as well as the tBa$sila-Djougou. The mean annual
temperature ranges from 26 to 28°C and may exa®tjo reach 35-4 in northern
localities such as Kandi. The annual temperaturplitude is low in the southern part (5-
10°C) while it is high (11-1%) in the northern part (at least from the latitugit
northwards). As in most West-African countries, thienate is primarily determined by the
annual cycle of the “Inner Tropical Convergence &€o(ITCZ). Three climate zones can
broadly be distinguished (Adjanohoun et al. 198@p&gninou 2004).

(1) The southern zone: From the coast up to thiedzt 7°N, the climate is Guinean or
subequatorial with two rainy seasons alternatintih vai longer dry season. The shorter dry
season rarely exceeds two months.

(2) The transition zone: Between the latitudes Wt &°N, the climate becomes
subhumid or subsudanian with a tendency to a patteone rainy season and one dry season.

(3) The northern zone is characterised by a trulgaBian climate with a unimodal
rainfall regime.

Southern Benin falls in the so-called Dahomey gédpch is the dry wedge that interrupts the
zonal West African rain forest belt dividing it antthe Upper Guinea and Lower

Guinea/Congolian Forest Blocks (Aubréville 1937, it&h1983, Ern 1988, Jenik 1994,

Tossou 2002). As a response to low rainfall, thesirtttive biogeographical area is devoid of
evergreen rain forest and its associated plant amdal species (Martin 1991). The

vegetation mainly consists of savannahs, grassldaaslands, and fallows intermingled with

small islands of closed forest (semi-deciduoussioesd swamp forest). From c. 7°30’'N to
12°25' N, the vegetation is essentially a patchworkvobdlands and savannahs with belts of
riparian forest along rivers.
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Figure 3.1: Map of Benin showing the 10 phytogepbieal districts (Chapter 2) and the study
sites.
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3.2.2. Data collection

The vegetation map of Benin (FAO/PNUD 1980) wasduas the basis for site selection.
Aided by field experience of local botanists, wedaa checklist of protected areas, sacred
forests, and all unprotected areas hosting a tfotlatively undisturbed vegetation. To be
certain that all the major vegetation zones weneesd, we prepared a map showing the
distribution of the localities where “undisturbeeigetation” is likely to be found (Figure 3.1).
At each locality, we avoided vegetation plots wattong human interference in the choice of
sites and placement of sample plots.

Phytosociological relevés according to Braun-Blaetgu(1932) approach were carried
out at sites hosting the major plant formationshsas mangrove, swamp forest, semi-
deciduous forest, dry forest, riparian forest, waad, and savannah (Aubréville 1957). At
each site we selected representative and homogesample stands, following the variations
in dominant species and the major environmentalofacsuch as soil texture, outcrops,
topography etc. The geographical coordinates atimicd were noted using a GPS (Global
Positioning System). General information related swil conditions (texture, flooding,
outcrops etc.) and topography (plateau, slope vafidy) was noted. The vegetation structure
(number of layers, their cover and height) was diesd. We visually estimated the cover of
each species using the Braun Blanquet cover/aboerdscale (Westhoff & van der Maarel
1978): +: rare, less than 1% cover, 1: 1-5% co2eB-25% cover, 3: 25-50% cover, 4: 50-
75% cover, and 5: 75-100% cover. In total 598 élici relevés were, in most cases,
performed within quadrates of 30 x 30 m excepilpanian forest, where rectangular plots of
50 x 10 m were laid out. The relevé points wereag@rover the whole country in such a way
that they can be considered as representative eofirthjor vegetation types (Figure 3.1).
Botanical nomenclature was according to Keay & Hedft954-1972), updated by Lebrun &
Stork (1991-1997) and new data acquired in theedetoflora of Benin (Akoegninou &
Lisowski 2004).

Climatic data (rainfall, temperature and air huryidifor the period 1956-1996 were
obtained from 24 meteorological stations. The ddfashich consists of monthly climate
values, is available from the Laboratory of Botaatythe University of Abomey-Calavi
(Benin). Akoégninou (2004) provided a synthesigi{atic map) of these data. The major soil
types were derived from the pedological map of BéWillaine & Volkoff 1967).

3.2.3. Data analysis
Classification and ordination of vegetation samples

In the first place, an abundance matrix consistih§98 phytosociological relevés and 1021
plant species was submitted to Two-Way Indicatoectss Analysis (TWINSPAN) (Hill
1979a) available in the program package “CommuAitalysis Package (CAP)” (PISCES
Conservation 2002). Thus, the whole data set wasif&d into major plant communities (or
vegetation types), each of which was named afeetwlo most differential species as singled
out by TWINSPAN output. The species compositiorthefse vegetation types were paired-
wise compared using Jaccard’s similarity index ¢deat 1901). In order to give a synthetic
view of the floristic pattern among all plant commity types, a dendrogram was constructed
from the similarity matrix using the average linkaglustering as supplied in the software
CAP (PISCES Conservation 2002). The similarity sndéJaccard is defined as follows:

P = 100 x
a+b-c

38
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where Ris the Jaccard’s community coefficient, c is thenber of shared species between
communities to be compared, A and B are the numbgpecies in each community.

The maximum value of this index (100) indicated titie two compared communities have
the same floristic composition. The minimum val0g ihdicates that two communities have
no species in common.

We used Detrended Correspondence Analysis (DECORANRBCA) (Hill 1979b) to
explore the distribution pattern of the describeedgetation types based on species
composition. The resulting vegetation type scoresewused in the vegetation-environment
relationship analyses.

Chorological characterisation of plant communities

We used the publications of Keay & Hepper (19542)9White (1983), and Aké Assi (2001
& 2002) to determine the chorotype (i.e. typesisfribution range) of each species. The five
main chorotypes used are as follows: GC: GuineogOlien species, S: Sudanian species,
SZ: Sudano-Zambesian species, SG: Guineo-CongBlidahian transition species i.e.
linking elements between the Guineo-Congolian andaBian Regions, and Wd: Species
with wide distribution such as Cosmopolitan, Papittal, and Paleotropical. The proportions
of the various chorotypes were calculated using dpecies checklist compiled for each
community type.

To characterise each plant community chorologically defined the phytogeographical
index Ip, which is the ratio of the proportion ddifdanian & Sudano-Zambezian” (S&SZ)
species to that of the Guineo-Congolian (GC) spgecie

S+S:

Ip =

P GC
where S is the frequency of Sudanian species, ®Zfrdguency of Sudano-Zambezian
species, and GC the frequency of Guineo-Congofiaaiss.

When Ip < 1, the plant community shows an affindtythe Guineo-Congolian region.
When Ip > 1, the plant community shows an affindyhe Sudanian region.

The correlation between the major chorotypes (GCar®l SZ) was studied using linear
regression analysis. The nature and strength ofedla¢ionship were assessed by means of
correlation analysis using Spearman’s rank coielatwhich is a non-parametric test. The
correlation coefficient g§) was computed using the software MINITAB (versiih32). The
significance of ¢ was assessed by consulting the tabulated critedaks. The critical values
for rs in our case (n = 20 plant communities or degrefregfdom n-2 = 18) are 0.377 at p <
0.05 and 0.534 at p < 0.01.

Vegetation-environment relationships

The humidity or climatic index of Mangenot (1951asvused as a quantitative summary of
the climatic variables such as annual rainfallgtnand intensity of the dry season, and
relative air humidity of a given geographical aréhis index reflects the importance of water
availability and is given by the formula:

P/100 + Ms +Ux
" nS + 5000n

M
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where J: Climatic or humidity index of Mangenot, P: meamaal rainfall (mm), Ms: mean
rainfall of dry months i.e. months which rainfadl less than 50 mm, nS: number of dry
months,Ux: maximum of annual relative humidity (%)jn: minimum of annual relative
humidity (%6).

The highest values (> 7.5) of Mangenot’'s index indicate a hyperhumiidhate and the
lowest values {} < 1) suggest a Sahelian (dry) climate (Mangendd1)9 The author
specified that this index is only applicable ingical regions.

The DCA axis that carried the main variation in @pe composition was related to
mean annual rainfall and Climatic index of Mangefusted here as a water availability index)
using linear regressions. The nature and strenigtheocorrelation were assessed using the
Spearman’s rank correlation coefficient (see detaipage 39).

The relations between the distribution range tyges ecological factors were studied
taking the main trend revealed by the ordinatioraasaxis on which the proportions of the
main chorotypes (GC, S and SZ) were plotted. Thength of the relation was evaluated
using the Spearman’s rank correlation coefficient.

The major soil types were derived from the pedaalgimap of Benin (Willaine &
Volkoff 1967).

3.3. Results
3.3.1. Plant communities and their floristic relatonships

The hierarchical clustering of the 598 vegetatiamgles and 1021 plant species using
TWINSPAN (classification) resulted in five (5) majdusters subdivided into 20 sub-
clusters, which we considered as plant communitiegegetation types. Figure 3.2
summarises their floristic relationships using $hmilarity index of Jaccard. The five major
clusters can be described as follows:
Cluster I: includes six (6) vegetation types:

(1) Chrysobalanuscaco-Barteria nigritana (Ch-Bar) (semi-deciduous forest),

(2) RhizophoraacemosaAvicenniagerminangRh-Av) (mangrove),

(3) TerminaliasuperbaPiptadeniastrunafricanum(Te-Pi) (semi-deciduous forest),

(4) TriplochitonscleroxylorCeltiszenkeri(Tr-Ce) (semi-deciduous forest),

(5) MimusopsandongensisCynometramegalophyllaMu-Cy) (semi-deciduous forest),

(6) DrypetesaframensisNesogordonigapaverifera(Dr-Ne) (semi-deciduous forest).
Cluster II: includes six (6) vegetation types:

(7) Khayagrandifoliola—Aubrevilleakerstingii (Kh-Au) (dry semi-deciduous forest),

(8) ColagiganteaKhayagrandifoliola (Co-Kh) (riparian forest),

(9) CynometranegalophyllaParinari congensigCy-Pa) (riparian forest),

(10) Anogeissuteiocarpa-LecaniodiscugsupanioidegAn-Le) (dry forest),

(11) Anogeissugeiocarpa-Anchomanesvelwitschii(An-Anch) (dry forest),

(12) Hildegardiabarteri-AphaniasenegalensiéHi-Ap) (dry forest),
Cluster I1I: includes: one (1) vegetation type:

(13) MitragynaledermanniLasiomorphasenegalensiéMi-La) (swamp forest),
Cluster 1V: includes six (6) vegetation types:

(14) Isoberliniadoka-Chromolaenabdorata(lso-Ch) (woodland to tree savannah),

(15) Isoberliniaspp.-Bridelia ferruginea(lso-Br) (woodland to tree savannah),

(16) Isoberliniaspp.-€ombretunglutinosum(lso-Co) (woodland to tree savannah),

(17) Albiziachevalieri-Balanitesaegyptiaca(Al-Ba) (shrub savannah),

(18) Isoberliniaspp.-Haematostaphibarteri (Iso-Hae) (savannah on hill),
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(19) SynsepalurpassargeiBroenadiasalicina (Sy-Br) (riparian forest on hill), and
Cluster V: includes one (1) vegetation type:

(20) Garcinialivingstonet+VitexchrysocarpaGa-Vi) (riparian forest).

It must be pointed out th&hromolaenaodoratais an exotic invasive species that is
ecologically restricted to the closed forest zowe used it in the combinatiodisoberlinia
doka-Chromolaenaodorata because it was singled out as the most diffefespacies by
TWINSPAN.

20 vegetation types
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Figure 3.2: Dendrogram based on Jaccard’s sinyilamilex, showing five major clusters subdividedoir0
vegetation types. Major clusters: |: Semi-decidufarest (and mangrove), Il: Dry semi-deciduous $treiry
forest and associated riparian forest, Ill: Swaropedt, IV: Woodland, savannah woodland, tree & Ishru
savannah and associated riparian forest, V: Ripdoigest in dry savannah zone.

Table 3.1 (at the end of this chapter) summarisedloristic, climatic and soil characteristics
of the 20 vegetation types described. In gendralyalues of the mean annual rainfall and the
climatic index of Mangenot decrease from the sofdlosed forest zone) to the north
(savannah zone). Solil type largely varies from jglaet community to another.

3.3.2. Chorological spectrum the plant communities

Chorological affinities among plant communities

Table 3.2 depicts the chorological spectrum ofZ@glant communities described. Based on
the values of the phytogeographic index—l ratio of the proportion of the “Sudanian &

Sudano-Zambezian” elements to that of the GuinengGlian species we distinguished two
major groups of plant communities:
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(i) Plant communities withpl< 1: includes communities showing an affinity b tGuineo-
Congolian region; these can be subdivided intodvoups:
(1) Communities with d < 0.2: those expressing a strong affinity to thein@o-
Congolian region.
(2) Communities with d > 0.2: those expressing affinity to the “Guinead&uian”
transition zone, i.e. the transition zone betwd®n Guineo-Congolian and Sudanian
regions where the Guineo-Congolian elements prevalil
(i) Plant communities withpl > 1: includes communities showing affinity to tBedanian
region; these can be subdivided into two groups:
(3) Communities withd < 4: those showing affinity to the “Sudano-Guinktansition
zone, i.e. the transition zone between the GuinewgGlian and Sudanian regions
where the Sudanian elements prevail.
(4) Communities withd > 4: those expressing a strong affinity to the&Buan region.

Table 3.2: Chorological spectrum of plant commusitie

%

Phytoch.
Plant communities NGC SG S SZ S+Szwd Ip- zone
MitragynaledermanniiLasiomorphasenegalensis121 79 11 0 1 1 10 0.01 GCR
RhizophoraracemosaAvicenniagerminans 85 72 12 1 1 2 14 0.03 GCR
TerminaliasuperbaPiptadeniastrunafricanum 368 80 10 1 3 4 6 005 GCR
Chrysobalanuscaco-Barteria nigritana 178 71 14 1 3 4 11 0.06 GCR
DrypetesaframensisNesogordonigpapaverifera 179 72 13 1 4 5 11 0.07 GCR
TriplochitonscleroxylonCeltis zenkeri 329 72 14 2 4 6 8 0.08 GCR
Mimusopsandongensi€ynometranegalophylla 151 70 10 5 5 10 10 014 GCR
CynometramegalophyllaParinari congensis 207 56 16 6 11 16 12 0.29 GSTZ
Khayagrandifoliola-Aubrevilleakerstingii 241 55 17 7 11 18 10 033 GSTZ
Colagigantea Khayagrandifoliola* 264 47 20 7 11 17 16 036 GSTZ
Hildegardiabarteri-Aphaniasenegalensis 135 41 19 10 12 22 18 054 GSTZ

AnogeissugiocarpaAnchomanesvelwitschii 197 28 25 16 15 31 16 111 SGTZ

SynsepalurpassargeiBroenadiasalicina 341 26 21 16 26 42 11 162 SGTZ
GarcinialivingstoneiVitex chrysocarpa 93 22 23 18 22 40 16 182 SGTzZ
IsoberliniadokaChromolaenadorata 213 15 24 17 29 46 15 3.07 SGTZ
Isoberliniaspp.Bridelia ferruginea 231 14 23 20 30 50 13 3.57 SGTZ
Isoberliniaspp.Combretunglutinosum 232 6 22 25 31 56 16 9.33 SR
Isoberliniaspp.Haematostaphibarteri 157 7 18 29 38 66 9 943 SR
Albizia chevalieriBalanitesaegyptiaca 238 5 24 22 31 53 18 10.60 SR

N: Total number of species recorded in each vegstatype, GC: Guineo-Congolian species, SG:
Guineo/Sudanian transition species, S: SudaniagieeSZ: Sudano-Zambezian species, Wd: widespread
species,d (phytogeographical index): Ratio of (S + SZ) to GC.

Phytoch. zone: phytochorological zone correspondmmgach chorological group: GCR: Guineo-Congolian
region, GSTZ: “Guineo-Sudanian” transition zone (fieher in GC than S + SZ), SGTZ: “Sudano-Guinean”
transition zone (i.e. richer in S + SZ than GC); SRdanian region; *: Riparian forest communities.
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The four chorological sets (or groups) of vegetatigpes described are geographically
separated and correspond to four different phytasbgical zones (Figure 3.3).
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Figure 3.3: Phytogeographical map of Benin showfireggmain chorological zones based on composition in
distribution range types.
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The transition zone is subdivided into two sub-zn&hich do not strictly follow the
latitudinal zonation:

* The “Guineo-Sudanian” transition zone: Part oé ttransition zone where the Guineo-
Congolian elements prevail. It is characterised thg Khaya grandifoliola—Aubrevillea
kerstingii (GC: 55, S + SZ: 18) andildegardia barteri-Aphaniasenegalensi¢GC: 41, S +
SZ: 22) communities.

* The “Sudano-Guinean” transition zone: Part of thensition zone where the Sudanian
elements prevail. It is characterised by the als@&fidhe two plant communities mentioned
above. It must be pointed out that the riparianegsbrcommunities such aSarcinia
livingstonei-Vitex chrysocarpand SynsepalunpassargeiBroenadiasalicina are actually
situated in the Sudanian zone, but express a dgcal affinity to the “Sudano-Guinean”
transition zone. This can be explained by the presef water, which allows some Guineo-
Congolian species to extend their ecological amgétfar inland.

Correlation between chorotypes

Figure 3.4 pictures a highly significant negativear relationship between the proportions of
Guineo-Congolian species (GC) and Sudanian (S) wlaso-Zambezian (SZ) elements.
Inversely, the proportions of S and SZ are highdgifively correlated. This indicates that the
regression equations are good predictors of thati@ns observed. These strong relationships
seem to be linked to a gradient in species compasivhich is expected to be a response to
environmental factors such as climate.
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Figure 3.4: Relationships among proportions ofrtfagor chorotypes.

A & B) Highly significant negative relationship leten GC and S or SZ. C) Highly significant positive
relationship between S and SZ. The best-fit regressite, equation, coefficient of determination?(R
Spearman’s rank correlation coefficier) (and significance level are given.
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3.3.3. Vegetation gradient and underlying factors

The Detrended Correspondence Analysis (DCA) of Bhtpcommunities and 1021 plant
species shows a major indirect floristic factorigal), which seems to be correlated to climate
(Figure 3.5). The axis scores (0.61 for axis 1 @a9 for axis 2) clearly indicate that axis 1
explains the major variation in species composibbthe vegetation types described. Along
this axis, we distinguish four clusters of vegetatiypes, which geographically correspond to
the four phytochorological areas described usiegptiytogeographical index{I(Table 3.2).
Thus, the DCA strengthens our results obtainedahld 3.2. The position (outlier) of the
RhizophoraracemosaAvicenniagerminans(Rh-Av, mangrove) antMitragynaledermanni
LasiomorphasenegalensigMi-La, swamp forest) communities in the ordinatiepace
reflects their strong azonal behaviour.
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Figure 3.5: DCA ordination of 20 vegetation types rad 1021 plant species in Benin,
showing 4 clusters of vegetation types, which corspond to the 4 phytochorological
areas established using the phytogeographical indéx (see Table 3.2 & Figure 3.3).

GCR: Vegetation types showing affinity to the Guir@ongolian region, GSTZ: Vegetation types showing
affinity to the “Guineo-Sudanian” transition zorf&GTZ: Vegetation types showing affinity to the “&ud-
Guinean” transition zone, and SR: Vegetation tyg®swing affinity to the Sudanian region; *: Riparitorest
communities. The average value pfdr each cluster is indicated between brackets.

The floristic change along the axis 1 is bettecielated by the highly significant relationship
between this axis and the proportion of Guineo-@tiag (GC) species or Sudanian species
(S & SZ) (Figure 3.6 a & b). More explicitly, frothe left hand side to the right hand side of
this axis (Figure 3.5), the importance of the Gaw@ongolian species decreases (negative
correlation), while the proportion of “Sudanian aBddano-Zambezian” elements increases
(positive correlation). This fact seems to suppbe hypothesis that this axis reflects a
humidity gradient with decreasing humidity from tledt to the right. We therefore expect
straight line correlations between vegetation typares along this axis and climatic variables.
We examined the relation between the axis 1 scanglsclimate using two climatic

variables: mean annual rainfall and water availigbfin terms of climatic or humidity index
of Mangenot). The values of these variables foheammmunity type are provided in Table
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3.1 (at the end of this chapter). Regression aaalghow that rainfall significantly correlated
with axis 1 (p < 0.05), even though it accounts daty 30% of the variation in species
composition (Figure 3.6c). The axis 1 was founteadighly significantly correlated with the
climatic index of Mangenot (used as water avaiigbihdex) (P < 0.01), which explains 80%
of the variation in species composition (Figure d3.6Therefore, water availability —
expressed as a function of rainfall, length anénsity of the dry season, and relative air
humidity — appears to be the major factor contngllthe plant species and community
distribution patterns, which in their turn, detenaithe main phytochorological groups
(Figure 3.5). In other words, the axis 1 can besmmred as carrying a phytogeographical
gradient determined by a climatic gradient. It isteworthy that the riparian forest
communities are well separated along the florgtadient suggesting the influence of climate
on their distribution. Two groups can be distintyeid:

(1) TheCola giganteaKhaya grandifoliola (Co-Kh) andCynometramegalophyllaParinari
congensis(Cy-Pa) communities showing chorological affinity the “Guineo-Sudanian”
transition zone.

(2) The SynsepalunpassargeiBroenadiasalicina (Sy-Br) andGarcinia livingstonetVitex
chrysocarpa(Ga-Vi) communities expressing chorological atinio the “Sudano-Guinean”
transition zone.
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Figure 3.6: Relationship between the first DCA asires (indicating the largest variability in spsc
composition) and various environmental variabl@¢Rm@portion of Guineo-Congolian species, b) Praporof
Sudanian & Sudano-Zambezian species, ¢) Mean anain&ll, d) Mangenot’s climatic index (used as atev
availability index). The best-fit regression liregefficient of determination @R Spearman’s rank correlation
coefficient (g), and significance level are given.
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3.4. DISCUSSION
3.4.1. Water availability as the driving force of he vegetation gradient

Our results reveal that water availability — expegs as a function of rainfall, length and
severity of the dry season, and air humidity -his major factor determining the vegetation
gradient in Benin, and explains 80% of the variaiio species composition. This seems to be
consistent with the actual distribution of vegetattypes in the country. Rainfall, considered
alone, only accounts for 30% of the variation irr@ps composition along the vegetation
gradient (Figure 3.6 ¢ & d). Thus, is not correcassume that mean annual rainfall alone is
the prime water factor underlying the distributiohplant species in West Africa (Hall &
Swaine 1976, 1981; van Rompaey 1993, van Rompadyldeman 1997, Bongerst al.
2004, Tchouto 2004). Bongeesal. (1999) attempted to generate ecological explanatior
the effect of three climatic factors (annual raiinfdry period length, and cumulative water
deficit due to evapotranspiration exceeding raiptai the distribution of tree species in West
Africa. They came to the conclusion that each efdlmatic factors could explain just a part
of the variation encountered in species abundaifbey assumed that the three climatic
variables together, indicating three different #ddial aspects of water availability, would be
able to explain a larger part of the variation oed. Veenendaadt al. (1996) showed that
length and intensity of the dry period determined water potential, which is the actual
factor indicating water availability for plants. €&t studies on West African vegetation put
emphasis on the length and severity of the dryaseas stronger determinants of floristic
patterns than the rainfall per se (Wieringa & P@o004). Thus, the strength of the humidity
index of Mangenot (1951) is likely that it cleatigkes into account the climatic variables
(rainfall amount, length of dry period and its sdéty@ that strongly influence water
availability. Moreover, this index includes the himmidity whose influence on transpiration
rates of plants (i.e. plant water loss) is well Wno This paper demonstrates that this index
provides a better quantitative assessment of diin@inditions at a site than any single
climatic variable. This index has been successtgiglied in the establishment of the climatic
map of Benin (Akoegninou 2004), which fits with quimytochorological map established on
the basis of the composition in distribution ranigpes. This paper provides its validation
against genuine floristic data, as independentites.

Despite the strong dependence of riparian forestnmonities on soil moisture, their
position along the floristic gradient clearly spms the influence of the general climatic on
their distribution patterns. This highlights thesasption of Natta (2003) who stressed
latitude as an important factor controlling riparfarest types in Benin.

The second factor influencing the distribution ¢&r@ communities in Benin is soil
type. Even though we have not statistically tegethfluence on vegetation, it greatly varies
from one vegetation type to another. It should bepleasised that the major change in
vegetation species compositien which occurs at latitudes®-7°30'— coincides with the
major change in climate (bimodal versus unimodaifad regime), soil (ferrallitic versus
ferruginous soils) and geology (sedimentary plateasus Precambrian shield).

Soil moisture — which is governed by climate anitl m@perties (soil texture and depth)
— seems to be the best discriminating factor ohtp@mmunities (Markham & Babbedge
1979, Hall & Swaine 1981, van Rompaey 1993, Swdi9@6, Gautier & Spichiger 2004).
This could be because the processes by which kéyems such as nitrogen are made
available to the plant are strongly controlled by moisture (Scholes 1993, Fairbanks 2000).
However, Garlanet al. (1986) and Newbery & Garlan (1996) argued thamfad and
seasonality are likely to lead to stronger flodsiradients than soil nutrients in West Africa.
Actually, many factors such as climate, soil feasmpast climatic fluctuations, and human
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disturbance appear to act in concert to give risehe current floristic patterns, both on
regional and local scales (Emberger 1971, Cornéudlaumet 1976, Holmgreet al. 2004).

3.4.2. Biogeographical implications

The strong dependence of plant species and comyndistribution on water availability
implies that they are sensitive to climate changéjch induces a change in species
composition. Climate fluctuations require plantsb® able to shift the placement of their
populations to areas of varying moisture. Thus, firest has migrated over considerable
distance to adapt to the dry periods in Pleisto¢ene (Maley 1987, Hamilton 1982 & 1992,
Sosef 1996, Achoundong 2000). The high sensitigityplant species to water availability
indicates that rivers would have undoubtedly plagedtal role during past climatic changes,
since they are known for their potential to maimtaigreat number of species, and to act as
safe sites for tropical rain forest species when riggional climate becomes drier (Medley
1992, Kellman et al. 1994, Meave & Kellman 1994rdpabski 2001, Puth & Wilson 2001,
Natta 2003, Holmgren et al. 2004). Wild (1968) ¢desed that the dominance of Guineo-
Congolian species in patches of relic forest maydbe to a formerly greater extent of
lowland rain forest during the humid phases of phstatic fluctuations. The high proportion
of Guineo-Congolian species in riparian forest camities such as Cynometra
megalophylla-Parinari congensis (56%) and Cola ggmKhaya grandifoliola (47%)
respectively in the phytogeographical districts $lPDf Zou and Bassila (Figure 3.1) can be
an indication of a former floristic connection withe Guineo-Congolian region during the
humid phases of quaternary climatic changes (Auleé¥937). The best evidence is the
common presence of characteristic semi-deciduougstfo species including Khaya
grandifoliola, Trilepisium madagascariense, Albidierruginea, Cola gigantea and the
evergreen forest species Pentadesma butyracepanan forest of the PD Bassila (Natta
2003). The outpost role of riparian forest is evel further north on the Atacora Chain,
where semi-deciduous forest species such as Detaenegalense, Antiaris toxicaria, Milicia
excelsa, Lecaniodiscus cupanioides, and Alchorpedifolia have been regularly recorded in
the Synsepalum passargei-Broenadia salicina contynyNiatta 2003, Wala 2005). This
substantiates the hypothesis of Akpagana (1989) agsmmed that semi-deciduous forest
would have extended far to the north and coveredf dhe Atacora Mountains (up to latitude
10°30'N at least) in a recent past, presumably theitigrhase of early-mid Holocene (8500-
4000 years BP) (Salzmann & Hoelzmann 2005). Pabgichl data from the Nigerian
Sudanian region (Salzmann et al. 2002) supportadsmption that increasing humidity
during the early-mid Holocene period led to a meettds migration of numerous plants from
a more humid southern vegetation zone (Dupont & Ad®92). Lake sediment records from
southern Benin showed that during this period,|lthndand rain forest was represented by a
continuous semi-deciduous or semi-evergreen fatestinated by Triplochiton scleroxylon
and Celtis spp. (Tossou 2002, Salzmann & Hoelzn200%), which would have expanded
farther north over the “Guineo-Sudanian” transitioone (Figure 3.3). The current semi-
deciduous forest islands can be considered as rigbn the subsequent dry period of late
Holocene (4000-3000 years BP), during which the issaargreen forest would have
contracted to just a few suitable areas such as banks.

Our results highlight the highly predictive valué wegetation type with regard to
chorological categories and climate (Lausi & Nirh@85). This is illustrated by the strongly
significant relation between the first DCA-axis g5 the chorological category proportions
and the index of Mangenot. Furthermore, the resuitierline the strength of the criteria set
in the use of the phytogeographical indey, (Which is simply coined on purpose to have a
single value expressing the variation in the propos of Guineo-Congolian, Sudanian and
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Sudano-Zambesian elements. The four chorologicalpg of vegetation types distinguished
on the basis ofplturn out to be similar to the four clusters of e&gion types derived from
the DCA ordination. Thus, the proposed phytochayial map (Figure 3.3) can be regarded
as a synthesis reflecting the plant community, elogiical, and climatic patterns in Benin.
Therefore, it should be taken into account alonthwhe 20 associated plant communities
described in vegetation and flora management pMfieen responses of plant species and
community to environment are understood, their gerce can be predicted based on
environmental data only (Hall & Swaine 1976).

The transition between the Guineo-Conglian and Siadaregions as established in
Benin seems to be in agreement with what has bbsareed at regional scale, where the
forest-savannah transition zone occurs at latit@&% (Gautier & Spichiger 2004). It also
fulfils the basic criterion of the forest-savanrmaiundary in West Africa, which is interpreted
as a transitional belt of varying width, where GagrCongolian and Sudanian floras coexist
and compete (Spichiger 1975). The distinction betwéhe “Guineo-Sudanian” transition
zone (as chorologically showing affinity to the @ew-Congolian region) and the “Sudano-
Guinean” transition zone (as chorologically showafgnity to the Sudanian region) has
already been made in the phytogeographical suliolivisf Cameroon (Letouzey 1985, van
der Zon 1992). However, our delimitation does rtatty coincide with the latitudinal belt
because of the “aberrant” latitudinal position” @he PD of Bassila within the
Guineo/Sudanian transition zone (Chapter 2). This be interpreted as a result of past
climatic fluctuations, which favoured the irrada@is of Guineo-Congolian elements from the
Upper Guinea (Poorter et al. 2004) creating ardiitie biogeographical area in this centre-
western part of Benin (Aubréville 1937).

3.5. CONCLUSION

The driving force of the floristic gradient in Benis found to be water availability in terms of
humidity index of Mangenot, which is a function mfinfall, length and severity of the dry
season, and air humidity. Mean annual rainfall shawt be the only climatic factor taken
into account in vegetation studies in West Afrithe Mangenot’s humidity index provides a
better quantitative assessment of climatic conastiat a site than any single climatic variable.

The strong correlation between the first DCA-axiarfying on the vegetation type’s
scores) and chorological categories (GC, S andh&illights the highly predictive value of
vegetation type with regard to chorological catéggrand climate, and vice versa. The
influence of past climatic changes on the distidoutof plant species and community was
elucidated. Therefore, the proposed phytochoroddgiap should be regarded as a synthesis
reflecting the plant community, chorological antingtic patterns in Benin. It should be taken
into account along with the 20 associated plantroanities described in vegetation and flora
management plans.
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Table 3.1: Floristic and ecological characteristicoof the 20 major plant communities
defined on the basis of TWINSPAN classification 0698 vegetation samples and 1021
plant species in Benin.

Plant Differential species Most frequent species Plant PD N/ha Iy & Soil types
Communities (> 80%) formation Rainfall
Terminalia Strombosia pustulata Triplochiton scleroxylon, Semi- PO* & 234 4.17- Ferrallitic without
superba- Piptandeniastrum Antiaris toxicaria, Celtis deciduous PL 5.75 concretions on
Piptadeniastrum africanum, Parkia bicolor, zenkeri, Cola millenii, forest (1300 sedimentary rock
africanum(Te-Pi)  Terminalia superba, Terminalia superba, mm/yr) (temporarily
(40 relevés) Distemonanthus Rothmannia urcelliformis, flooded)
benthamianus, Amphimas  Ceiba pentandra
pterocarpoides, Euclinia
longiflora etc
Mitragyna Mitragyna ledermannii, Syzygium owariense, Xylopia Swamp VO 106 4-5.75 Hydromorphic on
ledermannii- Lasiomorpha senegalensis, rubescens, Mitragyna forest (1300 sedimentary rock
Lasiomorpha Syzygium owariense, ledermannii, Spondianthus mm/yr)
senegalensiéMi- Xylopia rubescens, preussii, Lasiomorpha
La) (29 relevés Anthostema aubryanum, senegalensis
Rothmannia megalostigma,
Uapaca paludosa etc
Rhizophora Rhizophora racemosa, Rhizophora racemosa, Mangrove CO 85 4.61- Halomorphic
racemosa- Avicennia germinans, Avicennia germinans 5.63 (saline) on
Avicennia Dalbergia ecastaphyllum, (1200 sedimentary rock
germinangRh- Machaerium lunatum, mm/yr)
Av) (02 relevéy Sesuvium portulacastrum
etc
Triplochiton Griffonia simplicifolia Celtis zenkeri, Cola Semi- PO*, 205 3-5.75 Ferrallitic without
scleroxylon-Celtis gigantea, Triplochiton deciduous  PL*, (1100 concretions on
zenkeri(Tr-Ce) Scleroxylon, Ceiba forest oV & mm/yr) sedimentary rock
(30 relevés) pentandra, Milicia excelsa, BA
Antiaris toxicaria, Millettia
thonningii, Holoptelea
grandis
Drypetes Drypetes aframensis, Drypetes aframensis, Ceiba Semi- PL 149 3.90 Ferrallitic with
aframensis- Drypetes gilgiana, pentandra, Triplochiton deciduous (1200 concretions on
Nesogordonia Nesogordonia papaverifera, scleroxylon, Antiaris forest mm/yr) sedimentary rock
papaverifera(Dr- Pterygota macrocarpa, toxicaria, Celtis zenkeri,
Ne) (25 relevés) Mansonia altissima, Celtis  Celtis mildbraedii,
mildbraedii, Rinorea Nesogordonia papaverifera,
ilicifolia etc. Drypetes floribunda
Chrysobalanus Barteria nigritana, Dialium guineense, Semi- CcoO 143 4.61- Coastal sand
icaco-Barteria Diospyros tricolor, Lecaniodiscus cupanioides, deciduous 5.63
nigritana (Chr- Chrysobalanus icacsubsp.  Chrysobalanus icaco, forest (1150
Bar) (29 relevés) icaco, Syzygium guineense Cleistopholis patens, mm/yr)
var. littorale, Trichoscypha  Barteria nigritana, Celtis
oba etc. prantlii
Mimusops Mumusops andongensis Dialium guineense, Diopyro: Semi- PL 149 3.93 Vertisols
andongensis- mespiliformis, Mimusops deciduous (1200
Cynometra andongensis, Celtis prantlii, forest mm/yr)
megalophylla Afzelia africana, Ceiba
(Mi-Cy) (12 pentandra, Anogeissus
relevés) leiocarpa, Drypetes
floribunda
Cynometra Parinari congensis, Millettia Cynometra megalophylla, Riparian Z0*, 124 2.67- Hydromorphic on
megalophylla- warneckei Pterocarpus santalinoides, forest BA* & 2.94 crystalline rock
Parinari Cola laurifolia, Diospyros BS (1200 (riparian)
congensigCy-Pa) mespiliformis, Morelia mm/yr)
(35 relevés) senegalensis, Parinari
congensis
Khaya Aubrevillea kerstingii Cola gigantea, Celtis Semi- BA 147 2.80 Ferrallitic with
grandifoliola- zenkeri, Holoptelea grandis, deciduous (1250 concretions on
Aubrevillea Celtis toka, Pouteria forest mm/yr) crystalline rock
kerstingii (Kh-Au) alnifolia, Cola millenii,
(40 relevés) Diospyros mespiliformis
Cola gigantea- Pseudospondias microcarpa  Pterocarpus santalingides Riparian BA 169 2.80 Ferrallitic on
Khaya Cola gigantea, forest (1250 crystalline rock
grandifoliola (Co- Lecaniodiscus cupanioides, mm/yr) (hydromorphic)

Kh) (40 relevép
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Anogeissus
leiocarpa-
Lecaniodiscus
cupanioidegAn-
Lec) (28 relevés)

Hildegardia
barteri- Aphania
senegalensigHi-
Ap) (9 relevés)

Anogeissus
leiocarpa-
Anchomanes
welwitschii(An-
Anch)

(35 relevés)

Synsepalum
passargei-
Broenadia
salicina(Sy-Br)
(38 relevéy

Garcinia
livingstonei- Vitex
chrysocarpaGa-
Vi) (20 relevés)

Isoberlinia doka-
Chromolaena
odorata(lso-Ch)
(29 relevés)

Isoberliniaspp.-
Bridelia
ferruginea(lso-
Br) (27 relevés)

Isoberliniaspp.-
Haematostaphis
barteri (Iso-Hae)
(26 relevés)

Isoberliniaspp.-
Combretum
glutinosum(Iso-
Co)

(40 relevés)

Albizia chevalieri-
Balanites
aegyptiacaAl-
Bal)

(64 relevés)

Erythrophleum suaveolens

Hildegardia barteri,
Eugenia nigerina,
Acridocarpus smeathmannii

Anchomanes welwitchii

Synsepalum passargei,
Broenadia salicina,
Eriocoelum kerstingii,
Chrysobalanus icaceubsp.
atacorensis, Thunbergia
atacoriensis, Gardenia
imperialis etc.

Garcinia livingstonei,
Combretum acutum

Aframomum latifolium

Combination Isoberlinia
spp.Hexalobus
monopetalus-Bridelia
ferruginea

Haematostaphys barteri,
Erythrophleum africanum
Terminalia brownii,
Commiphora pedunculata

Combination Isoberlinia
spp.Hexalobus
monopetalus-Combretum
glutinosum

Albizia chevalieri, Balanites
aegyptiaca, Sclerocarya
birrea, Cadaba farinosa,
Guiera senegalensis,
Lonchocarpus laxiflora

Anogeissus leiocarpa,
Diospyros mespiliformis,
Pouteria alnifolia,
Manilkara multinervis,
Mallotus oppositifolius

Hildegardia barteri, Ceiba
pentandra, Millettia
thonningii, Aphania
senegalensis, Cola millenii

Anogeissus leiocarpa,
Diospyros mespiliformis,
Khaya senegalensis, Antiari
toxicaria, Milicia excelsa

Khaya senegalensis, Rourea

coccinea, Syzigium
guineense, Diospyros
mespiliformis, Lannea acida,
Afzelia africana

Mitragyna inermis, Cola
laurifolia, Vitex
chrysocarpa, Pterocarpus
santalinoides

Pterocarpus erinaceus,
Isoberlinia doka, Vitellaria
paradoxa, Anogeissus
leiocarpa, Burkea africana,
Daniellia oliveri

Isoberlinia doka,
Pterocarpus erinaceus,
Siphonochilus aethiopicus,
Anogeissus leiocarpa,
Burkea africana

Pterocarpus erinaceus,
Lannea acida, Isoberlinia
doka, Burkea africana,
Rourea coccinea, Khaya
senegalensis

Isoberlinia doka, Burkea
africana, Lannea acida,
Vitellaria paradoxa,
Pterocarpus erinaceus,
Detarium microcarpum

Combretum nigricans,
Combretum glutinosum,
Combretum collinum,
Anogeissus leiocarpa,
Vitellaria paradoxa
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Dry forest

Dry forest

Dry forest

Riparian
forest

Riparian
forest

Woodland
&

savannah
woodland

Woodland
&

savannah
woodland

Woodland
&

savannah
woodland

Woodland
&

savannah
woodland

Shrub
savannah

Z0* &
BA*

Z0

BN &
AT*

M-P

Z0* &
BA*

BA* &
BS*

AT

BN¥,
AT* &
M-P

M-P

127

88

133

149

60

151

154

115

159

110

2.80-

(i200
mm/yr)

2.73-
2.94
(1100
mm/yr)

1.88-
2.94
(1050
mm/yr)

1.96-
2.37
(1100
mm/yr)

1.42-
1.80
(975
mm/yr)

2.73-
(1100
mm/yr)
2.67-
(1200
mm/yr)
1.80-
(iloo
mm/yr)
1.88-
(1050

mm/yr)

1.42-
1.80
(975
mm/yr)

Ferruginous with
concretions on
crystalline rock

Ferruginous with
concretions on
crystalline rock
(rock outcrop and
boulder meanders)

Ferruginous with
concretions on
crystalline rock

Poorly evolved soil
with raw minerals
(hydromorphic)

Ferruginous with
concretions on
sedimentary rock
(hydromorphic)

Ferruginous with
concretions on
crystalline rock

Ferruginous with
concretions on
crystalline rock

Poorly evolved soil
with raw minerals

Ferruginous with
concretions on
crystalline rock

Ferruginous with
concretions on
sedimentary rock

PD: Phytogeographic districts (Figure 3.1): CO:i@dtPO: Pobe, PL: Plateaux, VO: Vallée de 'OuéBA;

Bassila, ZO: Zou, BS: Borgou-Sud, BN: Borgou-Nord, AAtacora Chain, M-P: Mékrou-Pendjari; N/ha:
Species richness per hg; Climatic Index of Mangenot (1951), values of meammual rainfall are put between
brackets besidg,l Isoberlinia spp. included. dokaandl. tomentosa*: PDs in which the plant community is

frequent.
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Plant community patterns of semi-deciduous forestsiands in Benin with emphasis on
the Dahomey Gap
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Abstract

Patterns in semi-deciduous forest islands are fimgaed in Benin by means of
phytosociological relevés, forest inventories andltivariate analyses. The TWINSPAN
classification and DCA ordination of 176 semi-deids forest relevés and 559 plant species
result in six plant communities, which are pattéraéong climatic and edaphic gradients. The
semi-deciduous forest types described and theirsfio composition (both at species and
family levels) are comparable to those recognisedther parts of West Africa where the
semi-deciduous forest is more continuous. The gicdtly dominant families include
Sterculiaceae, Celtidaceae, Leguminosae, Moracekbenaceae, Rubiaceae and
Euphorbiaceae. Therypetes aframensiSlesogordonia papaverifereommunity appeared to
be the type in which the Celtidaceae (ex Ulmace&rculiaceae, Euphorbiaceae, and
Violaceae are best represented. The record of nipper Guinean endemic species in
Benin’s semi-deciduous forest islands providesngfrevidence for past floristic connections
of the Dahomey Gap with the West African rain foresne. The restriction of thiéhaya
grandifoliola-Aubrevillea kerstingicommunity to the centre-northern section is intetgd as
being a result of past floristic connections betw#ds area and the Upper Guinean forest
block.

The overall species composition of the semi-deaidudorest islands situated in
southern Benin is in good agreement with the paigssemblage of the humid period of early-
mid Holocene (8500-4000 years BP), a period duwhgh the gap was shown to be covered
by a continuous semi-deciduous forest. Teeminalia superb&iptadeniastrum africanum
community, which corresponds to the West Africanisnsemi-deciduous forest, is assumed
to dominate the vegetation of the Dahomey Gap duthis period. Its subsequent retreat to
forest stream bank is interpreted as an ecologé&sponse to the general dry climate of the
late Holocene, which induced the fragmentation @&fstWAfrican rain forest. The agreement
between the pollen assemblage and the species sdmpoof the semi-deciduous forest
types points to the existence of a latitudinal ifitc gradient associated with a climatic
gradient during the early-mid Holocene. Furthermdhe results show that knowledge of
modern plant community structure, species commsiaind distribution is vital for the in-
depth interpretation of pollen data in the proa#gsalaeo-vegetation reconstruction.
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Chapter 4: Semi-deciduous forest patterns

4.1. INTRODUCTION

The analysis of the West African palaeo-environmeveals that during the Last Glacial
Maximum (18 000 years BP) the once continuous farast belt became fragmented and
reduced to few refugia (Diamond & Hamilton 1980,nkilion 1981, van Zinderen Bakker
1982, Dupont & Weinelt 1996, Maley 1996). The DalegnbGap — the present dry corridor in
the zonal West African rain forest — remains ondhef major imprints of the Pleistocene
hyper-arid period. More specifically, the DahomegpJor interval) is often defined as the
savannah region between southern-eastern Ghanasauttiern-western Benin through
southern Togo, splitting the West African rain f&irénto the Upper Guinean and Lower
Guinean forest blocks (White 1983) (Figure 4.1).idt considered as an important
ecogeographical barrier to species exchange bettheetwo forest blocks and is, as such, of
a crucial significance for their distribution patte in West Africa (van Bruggen 1989, Martin
1991, Jenik 1994). It is ecologically characteribgda decline in annual rainfall from more
than 2000 mm in the Upper and Lower Guineas to &b800 to 900 mm in the dry corridor.
Consequently, the Gap is almost completely devbelergreen rain forest and its associated
plant and animal species. It should be emphasis#dtie African lowland rain forest consists
of two floristically and climatically different coponents: (i) the evergreen forest belt with
annual rainfall > 2000 mm/year, dry season peridgl months, tree layer rich in evergreen
species belonging to the Leguminosae-Caesalpinejdea (ii) the semi-evergreen or semi-
deciduous forest belt with annual rainfall < 16@BQ mm/year, dry season period > 3
months, tree layer rich in deciduous species béhgndgo the Celtidaceae, Malvaceae,
Sterculiaceae and Moraceae (White 1983, Vooren¥8al1992).

After the end of the last ice age (10 000 years, BR climate became warmer and
wetter, the African rain forest expanded, and dytime early Holocene it even bridged the
Dahomey Gap (Dupont & Weinelt 1996). Pollen recdrdsn southern Benin indicated that
the gap was closed and covered with a semi-evargra@ forest during the early-mid
Holocene (8500-4000 years BP) (Tossou 2002, Salan&anHoelzmann 2005). More
explicitly, the Upper and Lower Guineas were coteedy a band of semi-deciduous forest
during this period. At the onset of late HoloceA8Q0-3000 years BP) an abrupt climatic
change towards drier environmental conditions catise sudden re-opening of the Dahomey
Gap with the establishment of the savannah vegetaBalaeo-records from southern Benin
and from other parts of West Africa indicated wettmatic conditions after 3000 years BP
and the subsequent spread of semi-evergreen foteshe open savannah leading to a forest-
savannah mosaic in the gap. A return to drieraticnconditions after 2500 years BP resulted
in the renewed establishment of an open savannhaichvpersists until the present (Maley
1989, 1991 & 1992, Tossou 2002). Tallevtl. (1984) and Salzmann & Hoelzmann (2005)
set the beginning of this dry period after 1100rgdzP.

The present vegetation of southern Benin is a fa@@gannah mosaic consisting of
fallows, fields, oil palm plantations, and intertaitt semi-evergreen/deciduous forest islands.
These forest islands even extend to the centreeweptirt of the country. They have probably
survived the dry climate of late Holocene, whicll l® the abrupt deterioration of the
continuous semi-deciduous forest belt that exigtedarly-mid Holocene. Thus, the species
composition and the plant community structure adsth forest islands are expected to be
similar to the semi-deciduous forest situated irp&ipand Lower Guineas. We also assume
that understanding of the present plant communitucgire is vital for the in-depth
interpretation of pollen assemblage of early-midddene, period during which the gap was
covered with a continuous semi-deciduous forese gitesent paper represents an attempt (1)
to make a comprehensive analysis of the plant camtynstructure and species composition
of the semi-deciduous forest islands in Benin, t(Restablish their floristic links with the

55



West African rain forest, and (3) to elucidate #pecies composition and the nature of the
semi-deciduous forest that covered the gap in eaitlyHolocene times.

Benin
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Figure 4.1: Vegetation map of West Africa showihg tain forest zone and Benin indicating the seagidlious
forest sites where data were collect€de Dahomey Gap is the light grey area betweeh ¢ireer and Upper
Guinea Forest Blocks

4.2. METHODS
4.2.1. Study area

The study area involves the semi-deciduous forahds of Benin (Figure 4.1), most of
which are located in southern and centre-westerts pathe country. Southern Benin falls in
the core area of the Dahomey Gap.

Southern Benin has a Guinean climate with a bimeodgifall regime i.e. two rainy
seasons and two dry seasons (Adjanohoun 1989, Akueig2004) (Figure 4.2a). The area is
characterised by two rainfall gradients (Paradif83)9 a strong east-west gradient of
decreasing annual rainfall (1200-1300 mm in thé¢ aad 900 mm in the west) and a weak
south-north gradient with a trend towards a uninhodiafall regime i.e. north of latitude’7
North the two rainfall peaks tend to merge into peak. The coastal area is characterised by
high air humidity (80%). Much of the area is dontethby a plateau (with ferrallitic soil)
bisected by the depression of Lama (with vertigaip the southern and northern sections.
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The dominant soil is ferrallitic without concret®on sedimentary rock. Forest sites such as
Pobé, Dangbo and Niaouli are dissected by streams.

The centre-western part of the country has a tedbgitmate with a unimodal rainfall
regime (Figure 4.2b). The annual rainfall rangesnfrl200 to 1300 mm. The climate of the
area seems to be positively influenced by the iticiof the Atacora Mountains, which makes
it a distinctive ecological region (Akoéegninou 200&hapter 2). The dominant soil is
ferrallitic with concretions on crystalline rock.

The prevailing wind throughout the year is a brefpen the south-west, but from
January to February the Harmattan, a northerlydng from the Sahara, reaches the coast.
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Figure 4.2: Ombrothermograms showing the climafall & temperature) of
southern and centre-western Benin, where semi-decgiforest islands occur.

4.2.2. Data collecting
Vegetation sampling

The existing semi-deciduous forest relics were tjedewith the help of locally experienced
botanists and ecologists. Site selection was basethe existence of forest reserves and
sacred forests, which are protected by the locg@ujation. At each site, we carried out
phytosociological relevés within quadrates of 3B& m according to Braun-Blanquet’'s
(1932) approach. We visually estimated the covevamh species using the Braun Blanquet's
cover/abundance scale (Westhoff & van der Maar@B)X9+: rare or less than 1% cover, 1: 1-
5% cover, 2: 5-25% cover, 3: 25-50% cover, 4: 5@ 7&ver, and 5: 75-100% cover. The
vegetation structure (number of layers, their cosad height) was visually described.
Moreover, all trees and lianas of a diameter aadirbeight (dbh) > 10 cm were tagged, their
number counted and dbh measured. General informagilated to soil conditions (texture
and flooding) and topography (plateau, slope, ail®y) was noted. A total of 176 vegetation
relevés with 559 plant species were made.

Holocene pollen data

Based on Holocene pollen diagrams from Tossou (280@ Salzmann & Hoelzmann (2005),
we selected the pollen-types that dominated (witle@esentation of more than 20%) the
entire early-mid Holocene period. These authorsveldathat during this period the Dahomey
Gap (to which southern Benin belongs) was coverngd aicontinuous semi-deciduous forest.
In total, we selected 30 pollen-types, which cqoesl to at least 30 plant species. The
pollen-types related to a-zonal vegetations (mareggemnd swamp forest) were not included.
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4.2.3. Data processing
Semi-deciduous forest patterns

The 176 semi-deciduous forest relevés and 559 paties were classified into clusters
(groups of relevés) using Two Way Indicator Spedieslysis (TWINSPAN) (Hill 1979a).
We used the Detrended Correspondence Analysis (REIMA or DCA) (Hill 1979b) to
ordinate the forest relevés and to detect the lyidgrecological gradients/factors within the
data structure. The delineation of plant commutyyes within the ordination space was
guided by the clusters generated by TWINSPAN diassion. Plant communities were
characterised using the most differential specssderived from TWINSPAN output) with
high ecological importance value.

Species and family Importance Values (1.V.)
We used Importance Values (I.V.) to characterise th different vegetation types and
reveal dominance. They were calculated both for sp&s and families using the following

formulas:

(1) The plant Species Importance Value (S.l.V.) islefined as the sum of its relative
density, relative dominance, and relative frequencyCottam & Curtis 1956).

Number of individuals of a species X 100

Relative density = ——
Total number of individuals

Total basal area of a species X 100

Relative dominance = :
Total basal area of all species

Basal area = (1/2 x dbh¥ =, where dbh is the diameter at breast height

Frequency of a species X 100

Relative frequency = :
Sum frequency of all species

(2) The plant Family Importance Value (F.l.V.) is dfined as the sum of its relative
density, relative dominance, and relative diversitfMori et al. 1983).

Number of species in a family X 100

Relative diversity = -
Total number of species

The relative density and relative dominance of railja were obtained by summing up the
values of its specific (species) components.

The values of S.I.V. and F.I.V. range from 0 (aleserof dominance) to 300 (mono-
dominance). They allow identifying the leading doamt entities, i.e. those species and
families having the highest ecological value. Re#s(1988) considered as ecological
dominant species or families those having S.1.\iF.aV. > 10.
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Chapter 4: Semi-deciduous forest patterns

Similarity among semi-deciduous forégtes

The species lists of the described forest types vairwise compared using the Jaccard’s
(1901) similarity index, which is given by the foura:

P = 100 x
atb-c
where Ris the Jaccard’s community coefficient, a is thenbar of species present in the

community A, b is the number of species in the camity B, and c is the number of species
shared by A and B.

The values of frange from 0 for an absence of similarity to 100& complete similarity.

Comparison between the species composition of deamtuous forest types and the pollen
assemblage of early-mid Holocene

We used the plant species lists of the semi-deadisldforest types described by means of
TWINSPAN and DCA as references to assign each mpdylee to semi-deciduous forest
types. The resulted matrix was used to elucidage réationships between the early-mid
Holocene pollen assemblage and the species congpositthe current forest types.

4.3. RESULTS
4.3.1. Semi-deciduous plant community patterns in &hin

The TWINSPAN classification of the 176 semi-decidsidorest relevés and 559 plant species
resulted in six main clusters, which correspondixdorest types. The DCA ordination of the
same matrix shows that these plant communitiepaiterned along two ecological gradients
(Figure 4.3):

* The axis 1 can be interpreted as an edaphic gnadirom the Chrysobalanus
ellipticus-Barteria nigritanacommunity on coastal sandy soil (Ahozon foresthwDrypetes
aframensisNesogordonia papaveriferan ferrallitic soil (Ewe forest) through tiMimusops
andongensiCynometra megalophylleommunity on vertisol (Lama forest).

* The axis 2 can be interpreted as a climatic gnaidiwith theTerminalia superba
Piptadeniastrum africanunand Triplochiton scleroxylofCeltis zenkericommunities in the
Guineo-Congolian region with a bimodal rainfall irag and theKhaya grandifoliola
Aubrevillea kerstingiicommunity in the Guineo-Sudanian transition zon#h & unimodal
rainfall regime. TheTerminalia superb&iptadeniastrum africanuncommunity — the most
humid type in Benin — always occurs under a bimodaifall regime of 1100-1300 mm/year
on the lower slope, a few strides from the rivayssing the forest site. Reported from the
forest islands of Pobe, Dangbo and Niaouli (FighB), it is characterised by the exclusive
presence of species such B#ptadeniastrum africanumParkia bicolor, Pentaclethra
macrophylla Canarium schweinfurthii Distemonanthusbenthamianus and Strombosia
pustulata TheTriplochiton scleroxylorCeltis zenkercommunity generally occurs on plateau
in southern Benin, under a bimodal rainfall regioi€d00-1300 mm/year, but has been also
reported in the centre-western part of the couifiny the tract Doume-Banté) under a
unimodal rainfall regime with an annual rainfallX@00 mm. It can be better described by the
absence of the characteristic tree species ofottmeefr forest type and thus, can be considered
as a relatively dry type of th€erminalia superb&iptadeniastrum africanuncommunity.
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Similarly, theKhaya grandifoliolaAubrevillea kerstingicommunity is best described by the
absence offriplochiton scleroxylonand can be regarded as a climatically dry typ¢hef
Triplochiton scleroxylorCeltis zenkercommunity. The presence ®fiplochiton scleroxylon
always implies the presence Geltis zenkeribut the inverse situation is not always true.
Celtis zenkeriis among those semi-deciduous forest plant spdaietuding Trilepisium
madagascarienséHolopteleagrandis and Cola giganted that reach the latitude’4D’ North

in the locality of Djougou (Figure 4.1), where thkmate is of Sudanian type (unimodal
rainfall regime). The establishment and maintenafcgemi-deciduous forest at this latitude
seem to be favoured by the importance of rainfe8800 mm/year) — certainly induced by the
vicinity of the Atacora Mountains — and the sopéy(fairly ferrallitic).
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Figure 4.3: DCA ordination of 176 semi-deciduousfd samples and 559 plant species in Benin, slgpsvin
plant community types.

Plant community types:® Drypetes aframensilesogordonia papaverifer&community, ® Mimusops
andongensiCynometra megalophylieommunity,® Chrysobalanus ellipticuBarteria nigritanacommunity,
O Terminalia superb&Piptadeniastrum africanuncommunity, ® Triplochiton scleroxylofCeltis zenkeri
community, and® Khaya grandifoliolaAubrevillea kerstingicommunity.

Table 4.1 gives an overview of the floristic analegical characteristics of the six semi-
deciduous forest types described. It shows thatniest dominant families of the plant
communities on ferrallitic soil are: Leguminosa¢grBuliaceae, Celtidaceae, Moraceae, and
Euphorbiaceae.
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Table 4.1: Floristic and ecological characteristitthe six major semi-deciduous forest types diesdrin Benin.

Chapter 4: Semi-deciduous forest patterns

Plant community Differential species

Dominant species (S.l.V. > 10) in
decreasing order of importance

Dominant families (F.I.V. > 10) in
decreasing order of importance

Rainfall

Soil

Terminalia superba- Strombosia pustulata Piptandeniastrum africanumki®@a
Piptadeniastrum bicolor, Terminalia superba, Distemonanthus
africanum (4 layers, benthamianus, Anthonotha macrophylla, Canarium
tree layer is 15-25 m scheinfurthii

tall) (40 relevés)

Triplochiton
scleroxylon-Celtis
zenkeri (4 layers,
tree layer is 15-25 m
tall)

(30 relevés)

Characterised by the absence the differential epefithe

Khaya grandifoliola- Khaya grandifoliola and Aubrevillea kerstingii
Aubrevillea
kerstingii (3 layers,
tree layer is 10-20 ir
tall)

(40 relevés)
Chrysobalanus Chrysobalanus ellipticus, Barteria nigritana, Syayy
ellipticus-Barteria ~ guineense var. littorale, Trichocypha oba, Tricays
nigritana (3 layers, faranahensis, Spatandra blackeoides, Leptoderris
tree layer is 10-20 m cyclocarpa, Cassipourea barteri

tall)

(29 relevés)

Mimusops
andongensis-
Cynometra
megalophylla (3
layers, tree layer is
10-20 m tall)

(12 relevés)

Mimusops andongensis and Cynometra megalophylla

Drypetes aframensis-Drypetes aframensis, Drypetes gilgiana, Rinore#dlia,
Nesogordonia Rinorea kibbiensis, Nesogordonia papaverifera, it
papaverifera (4 spectabilis, Mansonia altissima, Pterygota macpar
layers, tree layer is Hymenodicton pachyantha, Vitex micrantha, ,

15-25 m tall) Zanthoxylum rubescens

(25 relevés)

Terminalia superba-Piptadeniastrum africanum conitpunTriplochiton scleroxylon, Ceiba

Triplochiton scleroxylon, Antiaris
toxicaria, Celtis zenkeri, Cola millenii,
Terminalia superba, Rothmannia
urcelliformis, Ceiba pentandra

Leguminosae, Sterculiaceae,
Moraceae, Rubiaceae, Ulmaceae,
Combretaceae, Bombacaceae,
Annonaceae, Euphorbiacae

Sterculiaceae, Ulmaceae,
Leguminosae, Ebenaceae,
Sapotaceae, Moraceae,
Bombacaceae, Annonaceae

Celtis zenkeri, Cola gigantea,

pentandra, Milicia excelsa, Antiaris
toxicaria, Millettia thonningii,
Holoptelea grandis, Diospyros
mespiliformis, Pouteria alnifolia

Cola gigantea, Anogeissus leiocarpa,
Pouteria alnifolia, Cola millenii,
Diospyros mespiliformis

Moraceae, Leguminosae, Ulmacee
Sterculiaceae, Sapotaceae,
Combretaceae, Sapindaceae,
Anacardiaceae, Ebenaceae,
Euphorbiaceae

Dialium guineense, Lecaniodiscus  Leguminosae, Chrysobalanaceae,
cupanioides, Chrysobalanus ellipticus,Annonaceae, Sapindaceae,
Cleistopholis patens, Barteria nigritanagzuphorbiaceae, Passifloraceae,
Olax subscorpioidea Moraceae, Sterculiaceae

Dialium guineense, Diopyros Leguminosae, Ebenaceae,
mespiliformis, Mimusops andongensi Sapotaceae, Combretaceae,
Celtis prantlii, Afzelia africana, Ceiba Ulmaceae, Bombacaceae,
pentandra, Anogeissus leiocarpa, Sapindaceae, Moraceae,
Cynometra megalophylla, Drypetes Euphorbiaceae

floribunda

Drypetes aframensis, Ceiba pentandrazuphorbiaceae, Sterculiaceae,
Triplochiton scleroxylon, Antiaris
toxicaria, Celtis zenkeri, Celtis
mildbraedii, Nesogordonia
papaverifera, Drypetes floribunda,
Octolobus spectabilis

Leguminosae

Bimodal rainfall regime,
with 1100-1300 mm/year

- Bimodal rainfall regime,
with 900-1300 mm/year

- Unimodal rainfall regime
with 1200 mm/year

Unimodal rainfall regime
with 1200-1300 mm/year

Bimodal rainfall regime,
with 900-1200 mm/year

Bimodal rainfall regime
with 1100 mm/year

Bimodal rainfall regime

Ulmaceae, Bombacaceae, Moraceawijth 1100-1200 mm/year

Ferrallitic soils on
sedimentary rock
(deep and
temporary flooding)

- Mainly on
ferrallitic soils on
sedimentary rock
(deep)

- rare on ferrallitic
soil s on crystalline
rock (shallow)

Ferrallitic soils on
crystalline rock
(shallow)

Coastal sand

Vertisols
(temporary
flooding)

Ferrallitic soils on
sedimentary rock
(deep)

S.1.V.: Species Importance values, F.l.V.: Famifportance values.
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The plant families such as Sterculiaceae, Celtaa@nd Euphorbiaceae are best represented
in the Drypetes aframensiSlesogordonia papaveriferaommunity which is restricted to the
forest island of Ewé (Figure 4.1). This forest tyqmeresponds to the richest Rinoreawith

four species recorded. brachypetala R. kibbiensis R. dentata and R. ilicifolia, which
dominate the underwood in several stands with @iceemetimes reaching 70%.

The Chrysobalanus ellipticuBarteria nigritanacommunity on coastal sand (Ahozon’s
forest) is largely dominated by Leguminosae andy&dlralanaceae while Leguminosae,
Sapotaceae, and Ebenaceae are the leading faafiliesMimusops andongens@@ynometra
megalophyllaorest type on vertisol (Lama’s forest).

4.3.2. Floristic similarity among semi-deciduous fieest types

Table 4.2 summarises the floristic relationshipoagnthe six forest types described. The
highest similarity value was between therminalia superbaPiptadeniastrum africanurfon

the lower slope) andiriplochiton scleroxylorCeltis zenker{on plateau) communities, which
share 64% of their species. The similarity valuemm g all other pairs of communities are
low and range from 28-38; this is due to the fhet the forest types share a common floristic
background, which includes forest plant specied atrge ecological amplitude such as
Antiaris toxicaria, Milicia excelsa Ceiba pentandra Dialium guineensg Celtis prantlii,
OxyanthugacemosusandRothmannidongiflora.

Table 4.2: Matrix of similarity between semi-decidsdorest types based on the distribution
of 559 plant species using Jaccard’s similarityeind

Forest types Chr-Bar Te-Pi Tr-Ce Mi-Cy Dr-Ne
Te-Pi 34

Tr-Ce 34 64

Mi-Cy 33 28 33

Dr-Ne 31 32 34 36

Kh-Au 30 33 38 33 33

Semi-deciduous forest types: Chr-B@hrysobalanus ellipticuBarteria nigritanacommunity,
Te-Pi: Terminalia superb#&iptadeniastrumafricanumcommunity, Tr-CeTriplochiton scleroxylon
Celtis zenkercommunity, Mi-Cy :Mimusops andongens@ynometra megalophylleommunity,
Dr-Ne: Drypetes aframensilesogordonia papaveriferecommunity, Kh-Au:Khaya grandifoliola
Aubrevillea kerstingicommunity.

4.3.3. Relationships between the species compositiof semi-deciduous forest types and
the early-mid Holocene pollen assemblage from Sowtin Benin

Table 4.3 shows the relationships between the -@aidy Holocene pollen assemblage
reflecting the species composition of past foregfetation and the present forest types. Each
of the 30 selected pollen-types is assigned teadtlone semi-deciduous forest type. The
pollen typeCola spp. certainly include€ola giganteaand Cola millenii, which are still
frequent in most of the semi-deciduous islands. Cakis spp. pollen type probably includes

C. zenkerj C. mildbraediiandC. prantlii. There seems to be a strong agreement between the
early-mid Holocene pollen assemblage and the dvaleait species composition of the semi-
deciduous forest relics.
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Table 4.3: Assignment of early-mid Holocene pollgpes from southern Benin to the major semi-deciduou
forest types.

Current semi-deciduous forest types based
on species composition of forest islands

Dominant pollen-types during early-  Plant family Te- Tr- Dr- Chr- Mi-  Kh-
mid Holocene in southern Benin Pi Ce Ne Bar Cy Au
Alstoniacongensi€ngl. Apocynaceae 1 0 0 1 0 0
Anthonothamacrophylla(Te-Pi)* Leg.-Caes. 1 0 0 0 0 0
Canariumschweinfurthii(Te-Pi)* Burseraceae 1 0 0 0 0 0
Ceibapentandra Celtidaceae 1 1 1 1 1 1
Celtisspp. Celtidaceae 1 1 1 1 1 1
Chaetacmaristata Celtidaceae 0 1 1 0 0 0
Cola spp. Sterculiaceae 1 1 1 1 0 1
Diospyrosmespiliformis Ebenaceae 0 1 1 0 1 1
DistemonanthubenthamianugTe-Pi)* Leg.-Caes. 1 0 0 0 0 0
Englerophytunoblanceolatum Sapotaceae 1 1 1 0 0 1
Holopteleagrandis Celtidaceae 1 1 1 0 0 1
Lanneanigritana Anacardiaceae 1 1 1 1 1 1
Macarangabarteri Euphorbiaceae 1 0 0 1 0 0
Mansoniaaltissima(Dr-Ne)* Sterculiaceae 0 0 1 0 0 0
Maranthesrobusta Chrysobalanaceae 1 0 0 1 0 0
Milicia excelsa Moraceae 1 1 1 1 1 1
MimusopsandogensigMi-Cy)* Sapotaceae 0 0 0 0 1 0
Nesogordonigpapaverifera(Dr-Ne)* Sterculiaceae 0 0 1 0 0 0
Pancoviabijuga Sapindaceae 1 1 0 0 1 0
Parkia bicolor (Te-Pi)* Leg.-Mim. 1 0 0 0 0 0
Pentaclethramacrophylla Leg.-Mim. 1 1 0 0 0 0
Piptadeniastrum africanur(ile-Pi)* Leg.-Mim. 1 0 0 0 0 0
Psydraxsubcordata Rubiaceae 1 0 0 0 0 0
Pycnanthusangolensis Myristicaceae 1 0 0 1 0 0
Spathode@ampanulata Bignoniaceae 1 1 1 0 1 1
Sterculiatragacantha Sterculiaceae 1 1 1 1 1 1
Syzygiunguineensevar. littorale (Chr-Ba)* Myrtaceae 0 0 0 1 0 0
Terminaliasuperba(Te-Pi)* Combretaceae 1 0 0 0 0 0
Trilepisiummadagascariense Moraceae 1 1 0 0 0 1
Triplochitonscleroxylon Sterculiaceae 1 1 1 0 0 0
Number of pollen types in each forest types 24 15 14 11 09 11

Described semi-deciduous forest types: Ch-Bzinrysobalanudcaco-Barteria nigritana, Te-Pi: Terminalia
superbaPiptadeniastrum africanum Tr-Ce: Triplochiton scleroxylonrCeltis zenkerj Dr-Ne : Drypetes
aframensisNesogordonigpapaverifera Mu-Cy: MimusopsandongensiCynometramegalophylla and Kh-Au:
Khayagrandifoliola-Aubrevilleakerstingii

Leg.-Caes.: Leg.-Caesalpinioideae, Leg.-Mim.: Legun@addimosoideae.
Pollen type assignment to forest types is basethemresence (record) or absence of the correspgpdant
species in a given forest type; 0: Pollen-type abBem the forest type; 1: Pollen-type preserthia forest type.

*. Pollen types corresponding to characteristiccgg® related semi-deciduous forest types are amelic in
parentheses.
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The pollen-type composition includes 10 plant spgcivhich have proved to be characteristic
species (differential species) of the four semiidigaus forest types which are geographically
confined to southern Benin (up to the latitud807N):

* The TerminaliasuperbaPiptadeniastrumafricanumcommunity with 7 characteristic pollen
taxa: Anthonotha macrophylla, Canarium schweinfurthii,s@monanthus benthamianus,
Parkia bicolor, Piptadeniastrum africanurand Terminalia superba

* The Drypetes aframensisNesogordoniapapaveriferacommunity with 2 characteristic
pollen taxaMansoniaaltissimaandNesogordonigapaverifera

* The Mimusops andongensSynometra megalophyllacommunity includesMimusops
andogensifs characteristic pollen taxon.

* The Chrysobalanus ellipticuBarteria nigritanacommunity withSyzygiunguineensevar.
littorale as characteristic pollen taxon.

The early-mid Holocene pollen assemblage from soathBenin reflects the species
composition of these four forest types, which werebably the main semi-deciduous forest
types that dominated this period. Out of the 30 idamt pollen-types selected, 24 (80%) are
related to thelerminaliasuperbaPiptadeniastrumafricanumcommunity. This suggests that
this plant community was likely the most dominameft type during the early-mid Holocene
humid period. Th&Triplochiton scleroxylofCeltis zenkercommunity, which is considered as
a relatively dry type of the former one, would haadonised relatively dry areas during this
period. 15 pollen types (50% of the selected pdipes) are related to this forest type.

The absence of pollen types corresponding to tharackeristic specieKhaya
grandifoliola and Aubrevilleakerstingii from the pollen assemblage indicates thatkhaya
grandifoliola-Aubrevillea kerstingii community was not part of the vegetation of southe
Benin in the early-mid Holocene period. As mentabthefore, this forest type is restricted to
the centre-western part of the country, which iimatically drier compared to the south.

We can conclude that the pollen assemblage of ang-mid Holocene humid period
from southern Benin fits with the species compositand community pattern of the present
semi-deciduous forest remnants. Therefore, thessstfaslands can be considered as relics
from the late Holocene dry period that triggered fragmentation of the continuous semi-
deciduous forest belt, which bridged the Upper boder rain forest blocks (Figure 4.1) in
early-mid Holocene time.

4.4. DISCUSSION
4.4.1. Semi-deciduous forest in Benin versus Wesfritan semi-deciduous forest

(1) The Terminalia superb&iptadeniastrum africanumcommunity belongs to the
phytosociological order ofPiptadenieCeltidetalia (Lebrun & Gilbert 1954), which
corresponds to the West African moist semi-deciduovest (Letouzey 1968, Hall & Swaine
1981, Vooren & Sayers 1992). It corresponds toTthplochiton-Strombosiacommunity of
Sokpon & Lejoly (1994), which was described frone florest of Pobe in south-east Benin.
This plant community is fundamentally typified byetpresence of moist tree species such as
Piptadeniastrum africanum Parkia bicolor, Pentaclethra macrophylla Canarium
schweinfurthij Distemonanthusbenthamianus Celtis mildbraedii Terminalia superba
Strombosia pustulateand Anthonotha macrophyllaThe Guineo-Congolian endemic genera
such as Amphimas Anthonotha Distemonanthuys Anthrocaryon Coelocaryon and
DiscoglypremngWhite 1983, Swaine 1996) are restricted to tbiggt type in Benin.

(2) TheDrypetes aframensislesogordonia papaverifereommunity, which is restricted
to the Ewe’s forest relic (Figure 4.1), is florcgtlly comparable to the moist semi-deciduous

64



Chapter 4: Semi-deciduous forest patterns

forest of Richards (1939) in Nigeria and corresotul theCeltis spp-Mansonia altissima
community of Guillaumet & Adjanohoun (1971) in lyoCoast. These authors considered
this forest type as the climatic climax of the WaAstican semi-deciduous forest because of
the dominance of Celtidaceae and Sterculiaceaefldtistic link of theDrypetes aframensis
Nesogordonia papaveriferéorest type to the West African semi-deciduous$brcan be
illustrated by the best representation of specigleriging to the families of Celtidaceae
(Celtis mildbraedii, Celtis zenkeriand Celtis prantlii), Sterculiaceae Nesogordonia
papaverifera Mansonia altissima Pterygota macrophylla Octobolus spectabilis and
Sterculia tragacanthd, and EuphorbiaceaeD(ypetes floribunda Drypetes gilgiana and
Drypetesaframensiy (Vooren & Sayers 1992, Swaine 1996). Furthermdaserichness in
Rinoreaspecies (withR. brachypetala R. dentata R. kibbiensisandR. ilicifolia) and their
abundance in the forest floor are unique in thentiguand good indicators of its climax state
(Achoundonget al. 2000).R. ilicifolia — characteristic of semi-deciduous forest in Camer
(Achoundong 1996) — appears to be restricted toftiest type in Benin.

(3) TheTriplochiton scleroxylorCeltis zenkercommunity is floristically similar to the
Triplochiton scleroxylorAfzelia africanaof Schnell (1952) in West Africa, th€eltis-
Triplochiton of Guillaumet & Adjanohoun (1971) in Ivory Coashe dry semi-deciduous
forest of Hall & Swaine (1981) in Ghana, and Twglochiton scleroxylofDialium guineense
community of Sokpon (1995) in south-eastern Benin.

(4) The Chrysobalanus ellipticuBarteria nigritana community, the coastal semi-
deciduous forest type, is similar to the south-easter forest type in Ghana where the most
important species iBialium guineensgHall & Swaine 1981). In Benin, this species also
appears to be the leading element in this forgm.tyhe frequent occurrence of species such
as Baphia nitidg Xylopia aethiopica Barteria nigritang Pycnanthus angolensiglstonia
congensisandSymphonia globuliferauggests that this forest type can be regardéueadry
type of the West African coastal evergreen forestquzey 1968, Tchouto 2004).

(5) TheMimusops andongens@ynometra megalophylleommunity corresponds to the
Diopyros mespiliformisommunity of Kokou (1998) in South Togo and sedémsepresent
the pedo-climax semi-deciduous forest on verti3tle abundance dbialium guineense
Diopyros mespiliformisand Cynometra megalophylldlustrates its floristic link to the dry
semi-deciduous forest in Upper Guinea (Hall & Swal®81, Hovestadital. 1998).

(6) TheKhaya grandifoliolaAubrevillea kerstingicommunity is floristically similar to
the forest dominated by Sterculiaceae and SapaankeAkpagana (1989) in Togo and the
dry semi-deciduous forest “fire zone subtype” oflldaSwaine (1981) in Ghana. Recognised
as such in lvory Coast by Guillaumet & Adjanohod®71), these authors regarded it as the
northernmost type of semi-deciduous forest charatite of the fire-prone forest-savannah
boundary. The two characteristic spechsbrevillea kerstingiiand Khaya grandifoliola
which are Guineo-Congolian and Upper Guinean encemespectively (White 1983,
Bongerset al. 2004), are found to be restricted to centre-wasBznin. In lvory Coast the
northern limit of the semi-deciduous forest is neatloy the distribution limit oAubrevillea
kerstingii (Bongersetal. 2004).

To summarise, the semi-deciduous forest of Benimbés strong affinities to the West
African semi-deciduous forest in terms of overgleaes composition and forest types. It
corresponds to the dry peripheral semi-evergreiarfogest of the regional Guineo-Congolian
phytochorion (White 1983). The occurrence of then@aey Gap seems to have little
influence on the plant community structure andgpectrum of families with high ecological
value such as Sterculiaceae, Celtidaceae, Leguaendéoraceae, Ebenaceae, Rubiaceae and
Euphorbiaceae (Bakayoket al. 2001). Records of Upper Guinean endemics incgudin
Zanthoxylum gilletii Turraea heterophylla Tricalysia reticulata Tricalysia faranahensis
Urera obovata Dennetia tripetala Khaya grandifoliola and Pierreodendron kerstingii
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(Poorteret al. 2004) in these forest islands strongly suppaet ghast floristic connection of
southern and centre-western Benin with the Uppenézun region.

4.4.2. Present semi-deciduous forest versus Holoeesemi-deciduous forest

Palynogical work conducted in southern Benin shotted the Dahomey-Gap was covered
by a semi-deciduous forest during the humid peobdarly-mid Holocene (8500-4000 years
BP) (Tossou 2002, Salzmann & Hoelzmann 2005). Tdllem assemblage of this period is in
agreement with the overall species compositiorhefgresent semi-deciduous forest islands
in southern Benin. The dominant pollen-types ingicahat the Terminalia superba
Piptadeniastrum africanuncommunity, which is the moist type of the Westiédn semi-
deciduous forest (Letouzey 1968, Hall & Swaine 198toren & Sayers 1992), probably
dominated the zonal vegetation of the Dahomey Gamgl this period. It seems not to have
crossed the latitude® Rorth, since the pollen assemblage from a siteasithiat the latitude
7°09'North (Salzmann & Hoelzmann 2005) suggests thkelusive presence of the
TriplochytonCeltis forest type, which we have described as the dpe tgf the former
community. This implies that a latitudinal floristyradient associated with a climatic gradient
similar to the present situation would have preagih early-mid Holocene times. During the
dry-out period of late Holocene (4000-3000 vyears),Bthe Terminalia superba
Piptadeniastrum africanurnommunity probably contracted and persisted ines@rest sites
along stream banks, which offered the humid comalétifor its maintenance when the general
climate became too dry. This is well in accordawith the present distribution and ecology
of this semi-deciduous forest type in Benin, whieris restricted to those forest sites which
are crossed and irrigated by streams with marshgegl providing refuge conditions. The
reserve forests of Pobé, Dangbo and Niaouli interat Benin (Figure 4.1) can be cited as
examples. The subsequent semi-deciduous forestnsixymainduced by the short humid
period after 3000 years BP (Salzmann & Hoelzmar0b2@robably started in the Dahomey
Gap from those isolated humid pockets, which carelgarded as areas of medium refugium
probability. Similar situations have recently bekscribed for Cameroon (Tchouto 2004) and
Gabon (Leal 2004).

The Khaya grandifoliolaAubrevillea kerstingiicommunity is characteristic of the
centre-western part of Benin, which correspondthéophytogeographical district of Bassila
(Chapter 2). The restriction of these two plantcggeto this area provides evidence for its
past floristic connection with the Upper GuineadstrBlock (Aubréville 1937, Adjanohoun
etal. 1989). It should be stressed tiatbrevilleais a monotypic Guineo-Congolian genus
while Khaya grandifoliola(Meliaceae) is an Upper Guinean endemic speciesrigret al.
2004). The absence of these two characteristiciespdoom the pollen assemblage from
southern Benin suggests that this semi-deciduotesstfdype had not probably extended
further southwards during the early-mid Holocenantil period. Kouaméet al. (2004)
reportedKhaya grandifoliolaas the most characteristic species of moist setiddous forest
in Ivory Coast. The record of populations Rihoreadentata(Violaceae) — a typical under-
storey species of mature secondary rain forest@gietiong 1996 & 2000, Achoundoegal.
2000) — from this area indicates that this forggetmight be a relict of a formerly more
humid forest type. The occurrence of typical seetiduous forest dominated by Celtidaceae,
Sterculiaceae and Moaceae at latitude {4@'9North in the region of Djougou (Figure 4.1)
located in the Sudanian regional centre of endenfiafiite 1983) seems to be an unusual
event in West Africa and can partly be interpretesl a result of Holocene climatic
fluctuations. The savannah vegetation that surreuhd semi-deciduous forest in this area
would have been derived from the former continusasni-deciduous forest that had
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experienced the dry spells of late Holocene aggeavay recent human activities such as
shifting cultivation, logging, and fire) (Hopkin®32, Maley 2002).

4.5. CONCLUSION

The major semi-deciduous forest types describe@enin are floristically comparable to
those recognised in other parts of West Africa. ttimbined effect of climate and soil types
turns out to be the strong determinant of the tosgecies composition and community
patterns. The species composition and plant comsnatructure of the forest islands situated
in southern Benin (in the Dahomey Gap) reflect ff@len assemblage of early-mid
Holocene’s humid period, which corresponds to #st full expansion of West African rain
forest. The pollen assemblage from southern Bemdicates that the current south-north
climatic gradient has existed since early-mid Heloe times and would have limited the
northwards expansion of some rain forest species.résults show that knowledge of modern
plant community structure, species composition digdribution is vital for the in-depth
interpretation of pollen data in the process ofapatvegetation reconstruction. The
investigated semi-deciduous forest islands candmsidered as relics from late Holocene
forest fragmentation. Comprehensive palynologia@bhdrom many sites are still needed to
conclusively establish the palaeo-vegetation ofDabomey Gap and its response to climate
change.
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Abstract

Increasing human impact on vegetation urgently neasitates the identification of the
most endangered sectors to be conserved. To achievhis goal, an extensive
phytosociological survey conducted in Benin, herbamm records, flora database and
rarity index assessment led to the identification 0280 threatened plants species in
Benin. Their conservation status was assessed follmg IUCN-criteria. The categories
“critically endangered” and “endangered” scored regectively 34% and 56% of the
threatened plant species recorded. An analysis oheir phytogeographical spectrum
shows that 60% of the threatened plant species reted are Guineo-Congolian. The list
of 280 threatened species represents c. 10% of tkatal flora and constitutes the first
comprehensive Plant Red List for Benin. It providesbaseline information to guide
biodiversity conservation actions.

Areas of conservation value were targeted on the bs of threatened species
concentration, presence of endemic plant speciesdpresence of rare vegetation types.
To maximise plant diversity conservation in Benin,priority must be given to natural
close forest remnants that include about 20% of théotal flora. We have argued that the
distribution of threatened plant species and commuities provides a substantial basis for
improving the existing reserve network in Benin. Tke conservation of maximum plant
diversity can simply be achieved by attempting to apture all vegetation types into the
reserve network.

Key words: Benin, threatened plant species, rare vegetatipestyrarity index, IUCN
categories, plant diversity, conservation, reseetgork.
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5.1. INTRODUCTION

Loss of biodiversity is currently a problem raisinguch concern globally. In Africa, the
process of deforestation, which is mainly due iftisly cultivation and timber exploitation, is
proceeding at an alarming rate. Since time immeghoregetation has been vanishing at the
rate of 92 000 kfper year (Myers 1980). The last estimation of five@st cover change
showed that humid part of West Africa is the md&aed by the deforestation (annual rate
of 2.0%) in Africa South of the Sahara (FAO 200 MWhile the forest cover is no more than 3
349 000 ha, Benin loses about 70 000 ha of for@atrcevery year, which corresponds to a
deforestation rate of 2.3%b(d.).

For all the changes that man inflicts upon thehgarbne is more permanent or more
wasteful than the extinction of a species. It hasrbestimated that as many as 60 000 plant
species could become extinct by 2050 if presemdsecontinue (Daviset al. 1986).
Furthermore, some 15-20% of species is likely toobge extinct even before they are known
to science (Daviet al. 1994). Early-warning systems to monitor the stadnd trends of
biodiversity loss would play a pivotal role in nmmizing and preventing species extinctions.

Assessment of the status and trends of the bi@bdigersity and identification of areas
under particular threat constitute the two foremgals of the Convention on Biological
Diversity in dry and sub-humid lands (CBD 2001). tims respect, three attributes of
biodiversity have nowadays attracted particulagrdibn from the international conservation
community: species richness, rare or threateneciespechness, and endemism (Caldeebtt
al. 1996). Species that are rare or those that aeatdned with extinction are indicator of the
state of ecosystem functioning, and may signalinfigending degeneration of biodiversity
(Golding 2002). A Red Data List (RDL), which is atalogue of species whose future
survival in nature is questionable, is a fundamemt@l for biodiversity conservation
planning. It provides guidelines for why and whetenservation efforts should be
concentrated, and operates as an early-warningmyst the level of species and their
habitats. Thus, the listing of threatened plantcEseis a step toward plant species and
vegetation conservation. More specifically, theeasment of the conservation status of
species and ecosystems is a basic step towardgniassipriorities for biodiversity
conservation. The IUCN (2000) Red List provides ¢baservation state of species at global
level. In West Africa, the most recent and compnshae assessments of threatened, rare and
endemic plant species are provided by Hawthorn8g)jL@nd Poorteet al. (2004). Species
listed in such assessments, however, can be gjoballegionally threatened but are not
necessarily threatened locally at the country le@@h the other hand, species that are
threatened or experiencing local extinction mayxdeamon elsewhere or globally, but would
need to be included in the national red dataTistachieve the goal of national plant diversity
conservation and maintenance of maximum plant spediversity, assessment of floral
elements that are threatened with the risk of etbn is very crucial.

Threatened plants have so far been incompletelyrdeanted in Benin. Few scattering
papers on threatened plant species and their c@iseT status are available, but the listing
seems to be based on piecemeal approach and coejentd does not meet the IUCN
requirements (Hedberg 1979, Akpagariaal. 1998, Agbahungbat al 2001). It becomes
necessary to use the bulk of existing floristicomnfiation to prepare a meaningful and
comprehensive Red Plant List for the country. 8dhis study we aim to identify threatened
plant species, assess their conservation stataswank out the vegetation sites of high
conservation priority.
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5.2. METHODS

5.2.1. Study area
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Benin
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Figure 5.1: Map of Benin showing the 10 phytogepbreal districts as distinguished in

Chapter 2 and the sites of data collection.
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The Republic of Benin is situated between latitu6&0’N and 1225'N and longitudes
0°45'E and 855'E. It covers a land area of 112 622%wf which 22.7% is legally protected
(CENATEL 1992, FAO 2001b). The population has bestimated at 6 752 569 inhabitants
with an average density of 57 inhabitants7TkKiiNSAE 2002). In general, the profile of the
country is an undulating plateau except for a feattered hills in the centre and north. The
altitude varies from sea level to 400-650 m in tloethwest, where the Atacora chain is the
outstanding feature. The mean annual rainfall gdiiem 900 to 1300 mm. Its lowest values
are recorded in the southwest and in the far @@ mm/year). The highest precipitation
(1200-1300 mm) is confined to Southeast Benin dmedttact Bassila-Djougou. The mean
annual temperature ranges from 26 to 28°C.

Southern Benin (up t0°30’ N latitude) belongs to the Dahomey Gap, whisthie dry
corridor that separates the West African rain foledt into the Upper Guinea and Lower
Guinea/Congolian Forest Blocks (White 1983). Asesuit, this part of the country mainly
consists of savannah, grassland, farm, and fallwermingled with islands of close forest
such as semi-deciduous and swamp forests. Humasysezon these forest islands has been
so severe that the estimated rate of deforestdiociose forest is 12 kffyear out of a forest
cover of 470 krh (FAO/UNEP 1981). From 7°30'N to 125’ N, the vegetation is essentially
made of a patchwork of woodlands and savannahsfldteeof Benin has been estimated at
about 3000 plant species (Adjanohoun et al. 1989e&t Flora of Benin 2001). The existing
forest reserves are mostly concentrated in theeamid northern sections of the country.

5.2.2. Data collecting
Field data

The vegetation map of Benin (FAO/PNUD 1980) waduse the basis for site selection. The
site selection was based on the existence of foesstves, sacred forests, and all unprotected
areas hosting a tract of relatively undisturbedetation (Figure 5.1). At each site, we
avoided vegetation stands with strong human intenfee in the placement of sample plots.

Phytosociological relevés according to Braun-Blasigu(1932) approach were carried
out at sites hosting the major plant formationshsas mangrove, swamp forest, semi-
deciduous forest, dry forest, riparian forest, waad, and savannah (Aubréville 1957). At
each site we selected representative and homogesample stands, following the variations
in dominant species and the major environmentalofacsuch as soil texture, outcrops,
topography etc. The geographical coordinates atimicded were noted using a GPS (Global
Positioning System). General information related swil conditions (texture, flooding,
outcrops etc.) and topography (plateau, slope vafidy) was noted. The vegetation structure
(number of layers, their cover and height) was diesd. We visually estimated the cover of
each species using the Braun Blanquet cover/aboerdscale (Westhoff & van der Maarel
1978): +: rare or less than 1% cover, 1: 1-5% ca®eb-25% cover, 3: 25-50% cover, 4: 50-
75% cover, and 5: 75-100% cover. A total of 59&idlkic relevés were, in most cases,
performed within quadrates of 30 x 30 m exceptijranian forest, where species samples
were taken from 50 x 10 m strips. The vegetatiorvesu was conducted during the years
2001-2002 and the floristic relevés cover the whaantry in such a way that they can be
considered as representative of the major vegatates.
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Herbariumdata

To be effective, the field data were complementgdinformation on species distribution
using botanical collections, the flora databaseth& Project Flora of Benin, and field
observations made by professional botanists andgists familiar with Benin’s flora. While
going through herbarium sheets and the electroaiabdise, we reported every plant species
suspected to have a restricted distribution i.efined to a particular vegetation type or
occurring at no more than five sites.

5.2.3. Data processing
The Rarity Index

This index was applied to the phytosociologicabda&sulted from the fieldwork. A matrix of
598 vegetation samples and 1021 plant species eleberated. For each species the Rarity
index (RI) was evaluated following Géhu & Géhu (@p8

RI = [1 — (n/N)] x 100,

where Rl is the Rarity index, n is the number chdnates of 30 x 30 m where the taxon was
recorded, and N = 598 was the total number of quadr

Ferrariet al (2000), who dealt with quadrates (sample units) grid system, considered taxa
with Rl > 0.20 as uncommon. GoOmez-Hinostrosa & Wadez (2000) analysing the
geographical distribution of Cactaceae in Mexiconsidered as uncommon those species
occurring in no more than 17 grid squares out tiftal of 40 (i.e. Rl > 57.5). In the present
case, since we worked with loose and irregular cpted set out in the major vegetation
types, it is safer to consider the highest valdethis index to minimise the assessment bias.
Thus, the non-ruderal or non-invasive plant speais Rl > 80— i.e. occurring in less than
20% of the total number of quadrats were qualified as uncommon as opposed to
common/frequent. Accordingly, the remaining plagmtaes with Rl < 80 were categorised as
common, not inviting concern from a conservatiorspective.

The geographic distribution of the uncommon plg@cses in the country was assessed
using phytosociological data, records from herbaraheets, the database of the Project Flora
of Benin, and field experience. Uncommon plant sggewere regarded as being endangered
of extinction or threatened (i.e. being at riskboeComing endangered) due to their restricted
distribution range over the country.

Species only known from herbarium

The list of uncommon species as defined above wapleted by some plant species not
encountered during the phytosociological survey, kmown from botanical collections. We
selected plant species restricted to at most Byeifes. Species were ranked as uncommon if
the consultation with experienced field botanigtgealed that these do not effectively occur
in any more sites.
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Red Data List (RDL) compilation

The IUCN-threatened-status criteria (IUCN 1994 82Pwere used to assign conservation
status to plant species categorised as uncommos.sybtem used consists of nine (9)
categories (Figure 5.2): Extinct (EX), Extinct metWild (EW), Critically Endangered (CR),
Endangered (EN), Vulnerable (VU), Lower Risk (LR)Least Concern (LC), Data Deficient
(DD), Near Threatened (NT), and Not Evaluated (NEgting plant species as CR, EN or VU
requires using specific criteria defined by IUCN924 & 2001). Given the kind of data
gathered, we have opted to use the criterion “bfindd by the extent of the area of
occurrence, population size, and population fragatem. It involves the number of locations
(NI) in which the species occurs. The taxon (spgoreas qualified as: CR when NI = 1, EN
when 2< NI <5, VU when 6< NI < 10, and LR when NI > 10. It should be emphasibed t
species of high commercial value (Agbahungbal. 2001) may be assigned higher rank than
they deserve following the criteria defined aboeeduse of overexploitation (timber, fruit or
seed). We define “rare” plant species as thosengeig to the threatened-categories CR, EN,
and VU (Willis et al. 1996). So, the number of rare plant species isrglwy the following
sum: CR + EN + VU.

A taxon is extinct (EX) when there is no reasonatiebt that the last individual has
died. A taxon is extinct in the wild (EW) when s known only to survive in cultivation or as
a naturalised population well outside its past eary taxon is “data deficient” (DD) when
there is inadequate information to make a dire¢hdirect assessment of its risk of extinction
based on its distribution and/or population stafusaxon is not evaluated (NE) when it has
not yet been assessed against IUCN criteria.

The post-1994 IUCN Red List categories

Extinct (EX)

Extinct in the Wild {EVV)

Critically Endangered (CR)

Adequate data | (Threatened) | Endangered (EN)

Yulnerable (VL)
(Evaluated)

Mear Threatened (MT)

Least Concern (LC)

] L Dara deficient (DD)

Mot Evaluated {ME)

Figure 5.2: Dendrogram showing the IUCN Red Lisegaties (IUCN 2001).
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Biogeographical analysis of threatened plant specie

We used the publications of Keay & Hepper (19542)9White (1983), and Aké Assi (2001
& 2002) to assess the entire geographic rangeatf taeatened plant species recorded. The
following chorological types (i.e. distribution rge types) were used: GC: Guineo-Congolian,
GE: Lower Guinean, GO: Upper Guinean, S: Sudarg&, Guineo/Sudanian transition, SZ:
Sudano-Zambezian, At: Tropical Africa, Pt Pantoapi and PAL: Paleotropical. The
proportion of each chorological type in the threaté plant list was calculated.

Identification of vegetation sites/types with hagimservation priority

The 20 major vegetation types definedGhapter 3served as the basis for the selection of
plant communities of conservation concern. Rarthi@atened vegetation types were selected
on the basis of their distribution range over toherdry. The highest priority was given to
vegetation types that are “unique” and confinedrtty one site or landscape unit.

The selection of priority sites for plant diversitpnservation was based on plant
species richness, threatened species concentraimyrrence of endemic plant or/and
rare/threatened vegetation types. Species richmedgare/threatened species concentration
are the most frequently cited criteria for siteeséibn by conservationists (Prendergatsal.,
1993). Threatened species richness or concentrdli®R) is defined as the number of
threatened species recorded in a given area or site

5.3. Results
5.3.1. The Benin’s Plant Red List

A total of 280 threatened plant species (c. 10%heftotal flora) representing 212 genera and
67 families received IUCN categories: CR = 96, EN57, VU =17, LR =2, EW =3, EX =
1, DD =4, NE = 0 (Table 5.1, at the end of theptbg. The categories CR and EN scored
respectively 34.4% and 56.1% of the total numbethefthreatened plant species recorded.
Dodonaeaviscosa(Sapindaceae) collected in 1975 on the shore h@®ohly plant species
reported to be extinct. This species would havenbesguent in the coastal thicket, most of
which has been replaced by grass savannah. It seetnte have been well-known from the
Benin's scientific community. As forCaesalpinia bonduc (Caesalpinioideae), it was
categorised as “Extinct in the Wild (EW) and waokn to have colonised the coastal
thicket. Its extinction in the wild is certainly éuo the exploitation of its seeds and roots for
medicinal purposes. The number of “rare” plant g®¢CR + EN + VU) was estimated at
270, which corresponds to 96.4% of the threaterladt species recorded. Of these rare
species, 96 were restricted to only one site, 2&lith were restricted to unprotected sites
l.e. vegetation sites which are neither legallyssified nor protected by local population
(Table 5.2).

The families scoring highest in threatened plamicegs are respectively Leguminosae
(14%), Rubiaceae (10%), Euphorbiaceae (5%), Apameam (5%), Meliaceae (3%), and
Annonaceae (3%).
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Table 5.2: Unprotected sites harbouring locally ear&gtricted species

Sites Geographic Plant formation  Species (sub-)Family
coordinates

Lac Azili 07°15'N 02°27'E  Thicket Aeschynomene uniflora Leguminosae

Séeme 06°23'N 02°37'E ~ Coastal savannahcistrocladus barteri Ancistrocladaceae

Yarpao 10°18'N 01°28'E  Riparian forest Chrysobalanus icaco Isubsp Chrysobalanaceae

atacorensis

Sakété 06°43'N 02°39'E  Riparian forest Chrysophyllum pruniforme Sapotaceae

Atacora Mts 10°42'N 01°29'E  Woodland Commiphora pedunculata Burseraceae

Dassa 07°49'N 02°20'E ~ Dry forest (Hill)Cordia millenii Boraginaceae

Bonou 06°55'N 02°28'E  Swamp forest  Croton nigritanus Euphorbiaceae

Perma 10°01'N 01°32'E  Riparian forest Diplolophium africanum Apiaceae

Dassa 07°49'N 02°20'E  Savannah (Hill) Ensete gillettii Musaceae

Dassa 07°49'N 02°20'E  Hill dry forest Eugenia nigerina Myrtaceae

Yarpao 10°18'N 01°28'E  Riparian forest Gardenia imperialis Rubiaceae

Sakété 06°43'N 02°39'E  Riparian forest Landolphia incerta Apocynaceae

Igolo 06°39'N 02°42'E  Swamp forest  Macaranga schweinfurthii Euphorbiaceae

Adijeme (Come)
Mondo-Tokpa

06°26'N 01°52'E
06°35'N 02°32'E

Swamp forest Macaranga staudtii
Swamp forest  Martretia quadricornis

Euphorbiaceae
Euphorbiaceae

Bétékoukou 07°49'N 02°20'E  Riparian forest Millettia warneckei Papilionoideae
Seme 06°29'N 02°41'E Swamp forest  Mussaenda isertiana Rubiaceae
Igolo 06°39'N 02°42'E =~ Swamp forest Neostenanthera myristifolia ~ Annonaceae
Seme 06°23'N 02°37'E Swamp forest  Pauridiantha hirtella Rubiaceae
Avrankou 06°34'N 02°40'E = Swamp forest Raphia vinifera Arecaceae
Avrankou 06°34'N 02°40'E Swamp forest  Rinorea subintegrifolia Violaceae
Yarpao 10°18'N 01°28'E  Riparian forest Synsepalum passargei Sapotaceae
Atacora Mts 10°42'N 01°29'E  Woodland Terminalia brownii Combretaceae
Yarpao 10°18'N 01°28'E  Riparian forest Thunbergia atacorensis Acanthaceae
Houéyoghé 06°33'N 01°50'E  Thicket Uvaria ovata Annonaceae

5.3.2. Phytogeographic spectrum of threatened plargpecies in Benin

Out of 280 threathened species identified, 59.67&6ewGuineo-Congolian (GC), 12.1%

Upper Guinean (GO), 6.78% Sudano-Zambezian (SZ%%.ower Guinean (GE) and 2.14%

Sudanian (S) (Table 5.3). Thus, the Guinean spéc&esGC + GO + GE) are the dominant

elements and represent 77% of the threatened spesperted compared to the Sudanian
elements. 89.3% of GC, 97.1% of GO, and 100% o&@ties were listed as CR and EN.

Table 5.3: Phytogeographic spectrum of threatenaut gbecies in Benin

Chorotypes EX EW CR EN VU LR DD NE Total %
GC = 3 50 99 11 - 4 S 167 59.65
GO - - 17 16 1 - - - 34 12.14
At 1 = 6 11 1 = = = 19 6.79
SZ - - 6 8 3 2 - - 19 6.78
GE = = 10 6 = = = = 16 5.71

PAL - - 3 5 - - - - 8 2.86
SG = = 2 4 1 = = - 7 25
S - - - 6 - - - - 6 2.14
Pt - - 2 2 - - - - 4 1.43
Total 1 3 96 157 17 2 4 - 280 100

IUCN threatened categories: EX: Extinct, EW: Extiimcthe wild, CR: Critically Endangered,
EN: Endangered, VU: Vulnerable, LR: Lower Risk, DCat® Deficient, NE: Not Evaluated.
Chorological types: At: Tropical African, GC: Guim€ongolian, GE: Lower Guinean,

GO: Upper Guinean, Pt: Pantropical, PAL: Paleotralp5G: Sudano/Guinean transition,

S: Sudanian, SZ: Sudano-Zambezian.
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5.3.3. Priority vegetation sites for plant conservi@don

Table 5.4 gives the vegetation sites of conservati@oncern, based on overall species
richness, threatened species concentration, presenaf endemic plant species and
threatened plant communities.

Table 5.4: Inventory of vegetation sites of conseation priority in Benin

Vegetation sites Geographical coPlant formation & Phyto. SR TSR  %TSR
ordinates threatened community  distr.

Protected sites

Pobe (Botanical 6°59'N 2°37'E Semi-deciduous forest:Pobé 403 101 36.07
reservep Te-Pi community

Niaouli (Botanical 6°43'N 2°08'E Semi-deciduous forest: Plateau 210 41 14.64

reservep Te-Pi community

Lamao 9°14'N 1°32'E Semi-deciduous forest: Plateau 353 28 10
Mu-Cy community

Pénéssouloo 9°14'N 1°32'E Riparian forest: Co-Kh Bassila 450 21 7.50
community

Bassila® 8°58'N 1°37'E Semi-deciduous forest: Bassila 201 17 6.07
Kh-Au community

Dogo-Kétouo 07°23'N 02°22'E  Woodland + riparian  Plateau 210 13 4.64
forest

Monts Koufféo 08°55'N 1°50'E Woodland + Riparian Bassila 584 10 3.57
forest

Dan-Dassa 7°21'N 02°06'E  Dry forest (Hill): Hi-Ap Zou 71 7 2.5
community

Pendjari Parlko 11°09'N 02°44'E  Riparian forest: Ga-Vi Mékrou- 270 6 2.14
community Pendjari

Ndali* © 9°50'N 2°41'E Woodland Borgou- 153 3 1.07

Sud

Park Wo 11°43'N 02°33'E Riparian forest: Ga-Vi Mékrou- 232 2 0.71

community Pendjari

Culturally protected
sites/sacred forests

Dangboo 6°35'N 2°32'E Semi-deciduous forest:Pobé 101 51 18.21
Te-Pi community

Eweo 7°27'N 2°34'E Semi-deciduous forest: Plateau 200 43 15.36
Dr-Ne community
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Lokoli© 07°03'N 02°15'E  Swamp forest: Mi-La Ouémé- 121 30 10.71

community Valley
Avagbodji® 06°32’'N 02°32'E  Riparian forest Coast 65 21 7.50
Badjame 7°07'N 1°38'E Semi-deciduous forest Plateau 53 8 862
Avégamey 7°01'N 1°45'E Semi-deciduous forest Plateau 60 8 862
Djougou 9°40'N 1°38'E Semi-deciduous forest: Bassila 74 6 2.14

Kh-Au community

Malomi 8°11'N 1°55’E Semi-deciduous forest Bassila 60 5 781.

Unprotected sites

Ahozone 6°23 N 2°09 E Semi-deciduous forest:Coast 191 33 11.78
Ch-Bar community

Mondo-Tokpa 6°35' N 2°32'E Swamp forest: Mi-La Ouémé- 68 14 5
community Valley

Semeé 06°23'N 02°37'E  Savannah/thicket Coast 52 9 3.21

Djagbalo 8°23'N 02°04'E Semi-deciduous forest ~ Bassila 112 8 2.86

Igolo 06°39'N 02°42'E Swamp forest: Mi-La Pobé 46 8 2.86
community

Sakété 06°43'N 02°39'E  Riparian forest Pobé 53 7 2.5

Yarpao (Atacora 10°42'N 01°29'E  Riparian forest: Sy-Br Atacora 467 6 2.14

Mounts)*© community Chain

Ouidah 06°31'N 02°00'E  Mangrove: Rh-Av Coast 85 5 1.78
community

Mitogbodji 06°26'N 01°52'E Mangrove : Rh-Av Coast 64 3 1.07
community

Threatened plant communities: Te-Pierminalia superbaPiptadeniastrumafricanum Dr-Ne: Drypetes
aframensisNesogordoniapapaverifera Ch-Bar: Chrysobalanusicaco-Barteria nigritana, Mi-La: Mitragyna
ledermanniiLasiomorphasenegalensjsVu-Cy: Mimusopsandongensi€Cynometranegalophylla Co-Kh: Cola
giganteaKhaya grandifoliola, Kh-Au: Khaya grandifoliola-Aubrevillea kerstingii Sy-Br: Synsepalum
passargeiBroenadia salicinag Rh-Av: Rhizophora racemosaAvicennia germinans Ga-Vi: Garcinia
livingstoneiVitexchrysocarpaHi-Ap: Hildegardiabarteri-Aphaniasenegalensis

Phyto. distr.: phytogeographical district; SR: specrichness based on vegetation inventory andnloata
collection; TSR: Threatened Species Richness; % TSReR&ge of threatened species out of a total 0f 28

©: Sites hosting at least 20 threatened specieRar B0 or an endemic plant species, *: Sites ho®ieigin's
endemic plant specidhunbergiaatacorensifAcanthaceae) dpomoeabeninensigConvolvulaceae).

Four categories of vegetation sites can be idedtidis botanical biodiversity conservation
priorities for Benin (Table 5.4):

(1) Sites with high concentration of threatenechpkpecies regardless of their overall
species richness: include closed forest islandsoothern Benin. Examples are Pobé (36.1%
of threatened plant species reported), Dangbo ¥A8.Ewe (15.4%), Niaouli (14.6%),
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Ahozon (11.8%), Lokoli (10.7%) and Lama (10%) (Fey'b.1). The richest sites in range-
restricted species (i.e. species confined to ote appear to be those harbouring a semi-
deciduous forest such as Pobé (17 range-restrggiedies), Dangbo (11 species), Ewe (9
species), and Ahozon (8 species). Those sites Wamessed significant habitat loss except
the Lama forest, which is one of the rare well @ctéd areas in southern Benin.

(2) Sites with the largest numbers of plant spears few threatened species include
the Mounts Kouffé (584 species), the Atacora Moimstgwith Yarpao) (467 species) and
Dogo- Kétou (210 species).

(3) Sites harbouring at least one endemic plantispenclude Yarpao witfihunbergia
atacorensis(Acanthaceae) reported from riparian forest andlNdith Ipomoeabeninensis
(Convolvulaceae) reported from woodland and savanna

(4) Sites with rare/threatened vegetation typedude Pobé and Niaouli with the
Terminalia superbaPiptadeniastrum africanum community, Ewe with theDrypetes
aframensisNesogordonigpapaveriferacommunity, Ahozon with th€hrysobalanuscaco
Barteria nigritana community, Lama with the Mimusops andongensiCynometra
megalophylla community, Lokoli (Ouémé valley) with theMitragyna ledermanni
Lasiomorpha senegalensiscommunity, Atacora Chain with th&ynsepalumpassargei
Broenadia salicina community, and the Pendjari Pamkith the Garcinia livingstonii
community. TheRhizophoraracemosaAvicenniagerminanscommunity is one the most
threatened vegetation types because it represéptsunique and immediate source of
firewood for domestic use and traditional salt exption (by boiling) in mangrove sites such
as Ouidah.

Most of these areas of high conservation prioriyrespond to sites where the
threatened species concentration is high. Soméesfitare either partially protected (e.g.
Dangbo, Ewe, and Lokoli) or entirely unprotectedy(€©uidah, Ahozon, Semé and Yarpao).
The partially protected forests are either commuimkiast or sacred groves managed by local
populations themselves. Protected areas includenadiparks or legally classified forests.

5.4. DISCUSSION
5.4.1. Plant species under threat in Benin

The relatively high amount of threatened plant€0(2Becies) in Benin is largely due to the
highly fragmented landscape and peripheral geograghtribution caused by the Dahomey
Gap phenomenon, which is the remarkable dry carrigmvering the southern parts of
Benin, Togo, and south-east Ghana — in the Westafrrain forest belt (White 1983, Jenik
1994). As a result, rain forest only survived ie florm of small patches of semi-deciduous
forest, which has been further threatened by huawivities (shifting agriculture, logging
and oil palm plantation). It is evident that speatinction risk is imminent in such a highly
fragmented area (MacArthur & Wilson 1967). Thiglearly indicated by the importance of
the categories “Endangered (EN)” and “Criticallydangered (CR)” species, which represent
c. 90% of the threatened species recorded. Thasnsistent with the high representation of
close forest plant species (c. 77% of threatenedisp recorded), which have survived in the
imperiled natural forest vegetation. This interptigin is supported by the high representation
of the plant families Leguminosae (14%), Rubiacgd#®$0), and Euphorbiaceae (5%) among
threatened species, since most of the threateresdespof these families appear to occur in
the extant forest islands.

Plant species such &dzeliaafricana Milicia excelsa Pterocarpuserinaceus Hallea
ledermannij andRauvolfiavomitoria occur at more than 10 localities and should bediss
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VU but they were categorised as EN instead. Thespre on the valuable timber species such
asAfzeliaafricana Milicia excelsaandPterocarpuserinaceuss so acute that they constitute
national priorities in genetic resource conservatio Benin (Agbahungbat al. 2001, Sinsin

et al. 2004). Viable populations of the swamp-specidlatlea ledermanniioccur only in
Lokoli, and was recorded as EN; at other swammsditis species included no more than a
few sprouting individuals. As tRauvolfiavomitoria it is much sought after worldwide for its
medicinal roots, which are used in the treatmenp®jchiatric disorders. Futhermore, it
should be acknowledged that the collection of seefdvaluable tree species (such as
Pentadesmautyraceaand Xylopia aethiopicg for various purposes constitutes a serious
threat to the survival of their population (Nagtal. 2002).

As more complete floristic data have become avklahth the Project Flora of Benin,
our Red Data List is also more comprehensive wBB fhreatened plants compared to
Adjanohoun’s with 48 threatened species (HedberfP) 9Akpaganeet al’s figures of 39
threatened species (Akpagaetal. 1998), and those of Agbahungbiaal (2001) who listed
8 threatened plant species. Even though the tistsedre to some extent complementary, it
must be acknowledged that the list proposed by wahjaun in Hedberg (1979) was already
more elaborate than the one compiled by Akpagdra (1998) 19 years later. Many species
such asPetiveriaalliacea Cleistopholispatens Sclerocaryabirrea etc. from Adjanohoun’s
threatened list, are not assigned an IUCN catelgerg, because they are fairly frequent. With
respect toSarcocephaluspobeguinii (Rubiaceae), its existence in Benin is still to be
confirmed. As far as Akpagana’s threatened lisbiscernedDiospyrosferra andDopatrium
senegalenseeem to have been wrongly identified and shoul®iospyrossoubreanaand
Dopatriumlongidensrespectively.

Among the 280 threatened plant species reportedre fisted as internationally rare i.e.
plant species occupying 1-14 degree squares orrld wap (Hawthorne 1996) (Table 5.1).
Furthermore, 10 of them are of globally conservationcern and are on the IUCN Red List
of threatened species (IUCN 2000) (Table 5.5).0Alhem rank higher on our list than on the
IUCN Red List because of the difference in the sadlassessment (global versus national).
In contrast to IUCN assessment, which rankéulzia ferrugineaandVitellaria paradoxaas
vulnerable species, our distribution data revetiiedh as common species in Benin. Although
depletion in theVitellaria paradoxa population (due to vegetation clearing and seed
harvesting) is indicated at national level(Agbahuaet al. 2001) this species seems to be a

Table 5.5: Benin’s plant species reported on theNUR&d List (2000)

N° Plant species Family Status on IUCN Status
red list according to
this paper
1 Afzelia africana Leg. Caesalpinoideae VU EN
2  Albizia ferruginea Leg. Mimosoideae VU common
3  Encephalartos barteri Cycadaceae VU EN
4  Hallea ledermanni Rubiaceae VU EN
5 Khaya grandifoliola Meliaceae VU EN
6 Khaya senegalensis Meliaceae VU EN
7  Mansonia altissima Sterculiaceae EN CR
8 Milicia excelsa Moraceae VU EN
9 Nesogordonia papaverifera Sterculiaceae VU CR
10 Pierreodendron kerstingii Simaroubaceae VU EN
11 Triplochiton scleroxylon Sterculiaceae LR EN
12 Vitellaria paradoxa Sapotaceae VU common

Leg.: Leguminosae; IUCN categories: CR: criticallglangered, EN: endangered, VU: vulnerable specigs, an
LR: lower risk.
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good colonizer with high potential for vegetativepagation in savannah region where it gets
protected by farmers (Yidana 1994, Fobil 2003, éhka 2005). As foAlbizia ferrugineg it

is a pioneer forest species that populates a veidger of habitats, including semi-deciduous,
dry forest, fallow, and riparian forest (Natta 208Boégninou 2004).

It should be stressed that, the “rare speciesgoageincludes a wide array of spatial
and temporal patterns of abundance; from sparsgbylpted species with wide geographic
ranges to “point endemics” with localised populasidKunin & Gaston 1993). It is usually
assumed that rare species i.e. those with verytddngeographical ranges, are more
vulnerable than widely distributed ones (Hernan&eBarcenas 1996). Thus, rare species
have a greater likelihood of extinction, and comsgdly invite stricter conservation
measures, especially the protection of their heb{faaston 1994).

5.4.2. Using threatened plant species and commuras to set conservation priorities

The application of the principle of vegetation eg®ntativeness in reserve design ensures that
a reserve network includes the full spectrum of @éhgironmental variability of the area, as
expressed by the different vegetation types (Magdl Usher 1981, Franklin 1993, Kai

al. 2004). The conservation of maximum plant diversiéy simply be achieved by including
all vegetation types into the reserve network. imigtion provided herein on threatened plant
species and communities can serve as basis towapine existing reserve network in Benin.
Complementarity, a term invented by Vane-Wrigital. (1991), is considered as a key-
principle in reserve designing (Presstwl. 1993, Reid 1998). Its application in site selatti
for biodiversity conservation ensures that as magpossible new attributes will added to an
existing reserve system. These attributes can teatdned or endemic species, vegetation
types or landscapes units. Particular attentiont inegyiven to sites with high plant species
richness, threatened plant species concentratimdeneic plant species, and sites hosting a
particular vegetation type (Table 5.4). A speciadntion has to be made of the Atacora
Mountains which provide habitat for the two Benmemndemic plant specieShunbergia
atacorensis (Acanthaceae) andpomoea beninensigConvolvulaceae) (Akoégninou &
Lisowski 2004). The species density in the ripafiarest of Yarpao situated at the foot of
these mountains was estimated at 358 species/lta (2203). In Benin, there is no protected
domain incorporating swampy forest and mangroveichwlare key wildlife habitats in
tropical wetlands. These a-zonal plant formatiorestherefore in serious danger along with
their range-restricted plant species suchRdzophoraracemosa Avicennia germinans
Conocarpus erectus and Laguncularia racemosa growing in mangroves, andHallea
ledermannij Uapaca paludosa Xylopia rubescens Syzygium owariense Rothmannia
megalostigmaand Alstonia congensisin swamp forests. The Lokoli’'s forest (400-500 ha)
remains one the rare natural Guineo-Congolian swéorgst (White 1983) in Benin and
should be regarded as of high conservation prioRsre and endangered mammals were
reported from this forest, especially the Red-bdllimonkey Cercopithecuserythrogaster
subsperythrogastey, which is endemic to Benin (Sinsin & Assogbadj®2).

It seems that semi-deciduous forest islands haweedalittle attention from local
conservationists, since most of them remain legafiglassified. Although they are mostly
small, they represent the last lowland rain forestnants in the area. Their contribution to
the overall plant diversity can be estimated at-600 plant species (c. 20% of the total flora)
(Sokpon 1995, Akoegninou 2004, Chapiter 4). Theedbrof Pobe deserves the highest
conservation priority, since it includes c. 36%tbé threatened species recorded and 17
range-restricted species. Furthermore, the Guirmmg@Qian endemic genera such as
Amphimas Anthonotha DistemonanthuysHymenostegiaAnthrocaryon Coelocaryon and
Discoglypremna(White 1983) are restricted to the phytogeograghidistrict of Pobe
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(Chapter 2). It is important to underline the cab&we’s semi-deciduous forest relic (Figure
5.1), which is under severe threat and deservesntigpnservation needs in order to rescue
its biological resources. It includes as many ase Q) range-restricted species including
Mansonia altissimaand Nesogordonia papaveriferawhich are reported as globally
endangered and vulnerable species respectivelyNIQ@00). The population dflansonia
altissimais almost completely depleted, since it is usedoafing poles in the locality. It is
the richest forest site iRinoreaspecies (wittR. brachypetalaR. dentata R. kibbiensisand

R. ilicifolia), which are considered as rain forest bio-indisato West Africa (Achoundong
1996, 2000). Its species richness is estimate@@pant species, of which 43 are threatened.
All these make it a strategic site meriting fulbfaction in a conservation plan. Furthermore,
it is urgent to protect the coastal flora, sincensospecies have disappear&bdonaea
viscosa or are severely threatenesic@evola plumierandDiospyros tricolo). The forest of
Ahozon appears to be the only one natural coastesf relic left in the country.

In addition, of primary importance are those sktagbouring globally rare plant species
(Hawthorne 1996, IUCN 2000) reported in Benin (Esbb.1 & 5.5). Some of these species
are confined to only one sit&ardenia imperialisin Yarpao,Placodiscus boyan Lama,
Trichilia  martineaui in Niaouli, Uapaca paludosain Lokoli, Mansonia altissimaand
Nesogordonia papaveriferm Ewe. In general, geographically or ecologicatgtricted taxa
tend to occur in small local populations, makingnthextra vulnerable to outside threats,
especially to deforestation (Lawton 1993). Theiegarvation will require establishing
reserves — not necessarily the large ones — inhjagight places (Terborgh & Winter 1983).

5. CONCLUSION

A total of 280 threatened plant species were recoedl, of which 34.3 % were categorised
as Critically Endangered (CR) and 56.1 as Endangede(EN); 60% of them are Guineo-
Congolian and c. 36% are restricted to the phytogegraphical district of Pobé. The high
score of the categories “endangered and criticallgndangered”, which represent 90% of
the threatened species recorded, indicates a higlsk of extinction facing these species.
Several areas are crucially important for plant speies conservation, in particular the
close forest islands (Table 5.4).

Distribution data of threatened plant and commusggcies can be used to improve the
existing protected area network and to guide pliarersity conservation in Benin. Particular
habitat types with special floristic make-up, sitesbouring range-restricted plant species or
globally threatened plant species deserve partidakerest. An efficient conservation of
botanical resources in Benin requires that an métion database for plant species based on
thorough phytosociological surveys and botanicdections be created, as a further basis for
the improvement of the Plant Red List presentedwiigh (Table 5.1). Computer databases on
endangered plants are needed to back specific onmgjtand conservation recommendations.
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Table 5.1: List of threatened plant species and twgiservation status in Benin

Species + Authors Family LF] CJHab. Distribution in Benin RI(%) | TC
IAcridocarpus alternifolius (Schum. & |[Malpighiaceae Lmph GC |SDF Ahozon-Pobe 95.71L EN
Thonn.)Nied.
IAcridocarpus smeathmannii (DC.)Gu|Malpighiaceae mph| G(DF Dan-Dassa 99.8p EN
& Perr.
IAcroceras gabunense (Hack.)Claytoq] Poaceae Th |SBE Ewé 98.92| CR
lJAechynomene uniflora E.Mey. Leg.-Pap. Ch At Sav Badi CR
JAfraegle paniculata (Schum.)Engl. Rutaceae nmph | AF-SD- |Lama-Madoro (Dassa)-Tipeti (Natitingou)-97.67| EN
Habitatior|Tagayé (Atacora Mountains)
IAfzelia africana Smith ex Pers. Leg.-Caes. mPh | SF-8B- [Lama-Dogo-Tui Kilibo-Tchaourou-Ndali-| 84.46| EN
Sav 3Riviéres-Sota-Goungoun-Savalou-Bante-
Monts Kouffe-Ouémé Supérieur-Alibori
Supérieur-Kouandé-Pendjari-Parc W
lAidia genipiflora (DC.)Dandy Rubiaceae mgh  ¢EDF Ahozon-Pobé-Niaouli-Ewe 90.11 HN
|Alafia benthamii (Baill. ex Stapf)Stap] Apocynaeea Lmph| GC |RF Avagbodji-Bembé-Sagon (Zou) 99.82 EN
lAlbizia chevalieri Harms Leg.-Mim. mP $ Sav Gudadjekali 98.92| EN
JAlbizia malacophylla (A.Rich.)Walp. | Leg.-Mim. mPh Z9Flooded [Kpédjélé-Ouémé Supérieur 99.82 EN
Sav
JAlstonia congensis Engl. Apocynaceae MPh |S@ Pobé-Mondo Tokpa-Lokoli-Sémé-Igolo-| 97.5 | VU
Tchi Ahomadégbé
JAmphimas pterocarpoides Harms Leg.-Pap. MPh [8€ Pobe-Kpédjélé 97.6f EN
JAncistrocladus barteri Sc.Elliot Ancistrocladaceaé.mph | GO |For Seme CR
JAncistrocarpus densispinosus Oliv. Tiliaceae mph  |SBF Pobe 975 | CR
lAndira inermis (Wright)DC. Leg.-Pap. mph 4RF Doume-Bante-Bassila-Koussoukouangdu99.46 | VU
Pouya-Atacora Mounts-Tui Kilibo-Pehono
JAngylocalyx oligophyllus (Baker)Bakgieg.-Pap. nph| G{SDF Pobe-Niaouli-Avagbodji-Bembe-Calavi 91.42 E
f.
JAnthonotha macrophylla Pal.Beauv. Leg.-Caes. nph |00 Pobe-ltchede 97.47 EN
JAnthostema aubryanum Baill. Euphorbiaceae nPh |&GRF | Igolo-Sakété-Lokoli-Allada-Kodjiota 99.64| EN
(Ouémé)
lAntidesma laciniatum Mill.Arg. Euphorbiaceae mph  [SOF Pobe 98.92 CR
JAntrocaryon micraster A.Chev. & Anacardiaceae MPR  G[SDF Pobe-Missérété EN
Guillaumet
JAsparagus warneckei* (Engl.)Hutch.| Araceae Lriph |SDF Niaouli-Lama-Ewe-Bante 96.25 BN
JAubrevillea kerstingii (Harms)Pellegr] Leg.-Mim. imH GC|SDF Bassila 99.28 CR
lAvicennia germinans (L.)L. Avicenniaceae mih  Br Ouidah-Grand Popo-Mitogbodji 99.46 HN
Baphia nitida Lodd. Leg.-Pap. mph  G8DF Ahozon-Pobé-Niaouli 96.78 EN
Baphia pubescens Hook.f. Leg.-Pap. mph |SDF Dangbo CH
Barteria nigritiana Hook.f. Passifloraceae mph [SBEF Ahozon 96.01 CR
Beilschmiedia mannii (Meissn.)Benth|Lauraceae mph  G{Sw Dangbo DO
& Hook.f.
Belonophora hypoglauca (Welw.ex |Rubiaceae mph G{SDF-DF | Pobe-lghbo-macro 98.92 HN
Hiern)A. Chev.
Borassus aethiopum Mart. Arecaceae mPh  |Sx%/ Ouidah-Sé (Mono)-Monts Kouffe-Save-| 96.96| VU
Pendjari-Parc W - Spread over the counjry
Buxus acutata* Friis Buxaceae mgh R Kétou-Sehoue-Zagnanado EN
Caesalpinia bonduc (L.)Roxb. Leg.-Caes. Liph |86&b Up to latitude N 7°30’ EW
Calamus deérratus Mann & Wendl. Arecaceae Lingt [Sw Sémeé-Lac Azili-Dja-Adjara- Avagbodji- VU
Bembe
Caloncoba echinata (Oliv.)Gilg Flacourtiaceae nph O |SDF Niaouli 99.64] CH
Campylospermum glaberrimum* (P. |Ochnaceae nphl  G[3w-RF | Avagbodji-Bembé-Lokoli-Lama-Djregbé EN
Beauv.)Farron Perma
Canarium schweinfurthii Engl. Burseraceae mPh |SCF Pobe 99.82 CR
Carapa procera DC. Meliaceae mPh  [S& Niaouli-Lokoli 99.46| EN
Carissa edulis (Forssk.)Vahl Apocynaceae nph [FAic Coast-Calavi 99.28 EN
Casearia calodendron* Gilg Flacourtiaceae nPh |&F Ahozon-Pobe 97.6f EN
Cassipourea barteri (Hook.f.)N.E. Br.| Rhizophoracea| mPh | GQFor Ahozon-Ouidah-Mondo Tokpa 99[L BN
Cassipourea congoensis DC. Rhizophoraceag nPh |F&C Lama-Pobe-Ewe 96. EN
Cathormion altissimum (Hook.f.)HutcfiLeg.-Mim. mPh | GQSw Tohoué-Ouémé EN
& Dandy
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Celtis mildbraedii Engl. Celtidaceae mAh  ¢8DF Dangbo-Niaouli-Ewé 94.1 EN
Chasmanthera dependens Hochst. Menispermacg¢ae L@GEHSDF Pobe 99.28 CR
Chionanthus mannii (Solereder)Steajn  Oleaceae Inpl |[SOGF Dangbo-Lama-Gnaouizoumé U6 E
Chlorophytum inornatum Ker-Gawl Liliaceae § (¢€DF Dangbo 99.82 CR
Christiana africana DC. Tiliaceae mAh Pt SDF Ladwdjo 99.64] EN
Chrysobalanus ellipticus Soland. ex |[Chrysobalanaceasg mPh  G&DF Ahozon 98.74 CT
Sabine
Chrysobalanus icaco L. subsp. Chrysobalanaceag mPh  $2F Yarpao 99.44 CR
atacorensis (A.Chev.)F.White
Chrysobalanus icaco L. subsp. icaco Chrysobalaradeanph | G(Coastal [Coast CR
Thic
Chrysophyllum albidum G. Don Sapotaceae mPh (B2 Allada-Dangbo-Pobé-Ahozon-Adjara- | 96.42| VU
Bante-Pira-Ouésse
Chrysophyllum pruniforme Pierre ex |Sapotaceae mP geF Sakété CR
Engl.
Chrysophyllum welwitschii Engl. Sapotaceae Lnph [SOF Ewe CR
Chytranthus macrobotrys (Gilg.)Exell|Sapindaceae mplh  GSDF Dangbo-Pobé 99. EN
Mendonca
Coelocaryon preussii Warb. Myristicaceae mpPh |SDF Pobe 99.1 | CR
Cola lateritia K. Schum. Sterculiaceae mph [RE Avagbodji-Bembé 99.82 CR
Cola nitida (Vent.)Schott. & EndI. Sterculiaceae hmpGC|Sw-SDF | Pobé-Niaouli-Dangbo-Ahouéglé (N 99.46| EWM
6°40'56.4", E 1°41'26.4")
Combretum grandiflorum G.Don Combretaceae LM@O |Sw-SDF | Pobe-Lama-Lokoli 98.76 QR
Commiphora pedunculata (Kotschy &Burseraceae npH  SBav (Hill) [Atacora Mountains CR
Peyr.)Engl.
Connarus africanus Lam. Connaraceae nph |$ERF | Dangbo-Pobe-Lokoli-Avagbodji-Bembé 98pR1 E
Conocarpus erectus L. Combretaceae nﬁph o/ Ouidah-Grand Popo 99.92 HN
Cordia millenii Baker Boraginaceae mHh At DF (hiflpassa CR
Cordia platythyrsa Baker Boraginaceae mph |At SDF | béPo 98.03| CR
Cordia senegalensis Juss. Boraginaceae hph |SGE Pobe CR
Cordyla pinnata (Lepr. ex A. Leg.-Caes. mph| S¥Sav Ouémé Supérieur-Alibori Supérieur 99/28 [EN
Rich.)Milne-Redhead
Croton nigritanus Scott-Elliot Euphorbiaceae Nph [RB Gnaouizoume CR
Crudia klainei Pierre ex Harms Leg.-Caes. mph [6@ Adjara CR
Crudia senegalensis Planch. ex Benth. Leg.-Caes. h pBC|Sw Pobé-Lokoli 98.79 EN
Culcasia barombensis N.E.Br. Araceae L0 [Sw Dangbo-Pobé 99.1 EN
Cuviera acutiflora DC. Rubiaceae mgh ¢8DF Dangbo-Pobé 99.82 HN
Cuviera macroura K.Schum. Rubiaceae mph |BESw | Avagbodji-Bembe-Lokoli-Badjame- 99.1 | EN
Tchakou-Kraké
Dalbergia ecastaphyllum (L.)Taub. Leg.-Pap. mph L gr Coast 99.64 EN
Dalbergia setifera* Hutch. & Dalziel Leg.-Pap. nghGO [Sav-Thic-|Coast 95.71 VU
Fallow
Dennettia tripetala* Baker f. Annonaceae mph |SBEF Lama-Ewe-Monts Kouffe 96.42 BN
Detarium senegalense J.F.Gmel. Leg.-Caes. hPh |SBGE-RF | Pobé-Dogo-Doume-Bante-Bassila-Djoug88.75| VU
Dichapetalum crassifolium Chodat vgDichapetalaceae LmphGC |SDF Ahozon 99.24 CR
crassifolium
Dichapetalum oblongum (Hook.f. ex |Dichapetalaceae npl} QJ6DF-Sw | Lama-Gnaouizoumé 99.28 KN
Benth.)Engl
Dichapetalum pallidum (Oliv.)Engl. Dichapetalacead mph | GC|SDF Dangbo-Pobe-Ewe 99.42 HN
Dictyandra arborescens Hook.f. Rubiaceae nMph |SEE- Ahozon-Pobé-Niaouli 90.58 EN
Dictyandra involucrata* (Hook.f.)HierfRubiaceae LnpH G{SDF Pobé-Ewe-Dja 97.3 EN
Diodia vaginalis Benth. Rubiaceae T Ikandy  |Cotonou (coast) CR
shores
Dioscoreophyllum cumminsii Mennispermaceae| Lnph At SDF Pobe-Ewe EN
(Stapf)Diels
Diospyros abyssinica (Hiern)F.White| Ebenaceae nPIC [SBF Lama-Ewe-Bante-Djougou 9411 HN
Diospyros soubreana F.White Ebenaceae nph |[SBE Dangbo-Pobe-Niaouli-Ewée 93.03 EN
Diospyros tricolor (Schum. & Ebenaceae nphl  GISDF-Sav{Coast 95 | CR
[Thonn.)Hiern Thic
Diplolophium africanum Turcz. Apiaceae th ZF Perma CR
Discoglypremna caloneura (Pax)Praih  Euphorbiaceag ph jnGC|SDF Pobe CR
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Dissotis grandiflora (Sm.)Benth. var. [Melastomataceae G SBav Eweé-Tchaourou-Koussoukouangou EN
lambii (Hutch.)Keay
Distemonanthus benthamianus Baill. Leg.-Caes. MPIC |SDF Pobe 99.46 CR
Dodonaea viscosa Jacq. Sapindaceae hph | At Sanfiyotonou (coast) E
shores
Dorstenia walleri Hemsl. Moraceae G %\ Tchaourou-3Riviéres-Koussoukouangol- EN
Pendjari-Pehonco
Dovyalis afzelii Gilg Flacourtiaceae np G8DF Ewe CR
Dracaena fragrans (L.)Ker-Gawl Agavaceae nph |SOF Pobe 99.82 CR
Dracaena mannii Bakker Agavaceae nph |SDF Pobe 99.46 CR
Drypetes aframensis Hutch. Euphorbiaceae nph (S8 Ewé 95.71| CR
Drypetes gilgiana (Pax)Pax & Hoffm.| Euphorbiaceae ph  GC|SDF Ewe 95.71| CR|
Ekebergia capensis Sparrm. Meliaceae nPh [BZSav. | Bassila-Pendjari-Birni 96.96 HN
Embelia guineensis Baker Myrsinaceae Lnph |SDF Lama-Bassila-Pénéssoulou 98|92 [EN
Encephalartos barteri Carruth. Cycadaceae Ch [|S2@ Savalou-Doume-Wari Maro-Manigri- 99.82| EN
Bassila
Ensete gillettii (De Wild.)E.E. Musaceae G S¢Sav (hill) [ Dassa CR
Cheesman
Eremospatha macrocarpa (Mann & |Arecaceae LmPhGC [Sw Mondo Tokpa-Zinvié-Kraké-Tohoue- 99.82| EN
Wendl.)WendlI. Djassin (N 06°28' E 02°36")
Eriocoelum kerstingii Gilg. ex Engl. viSapindaceae mP gReF Yarpao-Kota-Koussoukouangou-Kotiacqu98.21 | EN
kerstingii Kandi
Erythrina excelsa Baker Leg.-Pap. mibh  [SBF Pobe CR
Erythrina vogelii Hook.f. Leg.-Pap. mPh  QS8DF Dangbo 99.82 CR
Erythrophleum suaveolens (Guill. & |Leg.-Caes. mPH G{DF-RF |Pobé-Doume-Dan-Bassila-Djougou 98|03 [EN
Perr.)Brenan
Erythroxylum emarginatum Thonn. Erythroxylaceag mplt [DF-RF | Dassa-Bante-Avégamey 98B9 E
Euadenia trifoliata (Schum. & Capparaceae npl} GJSDF Avagbodji-Bembé-Dangbo-Pobe EN
[Thonn.)Oliv.
Euclinia longiflora Salisb. Rubiaceae LmpisC |[SDF Dangbo-Pobe 97.47 HN
Eugenia nigerina A.Chev. ex Hutch. §Myrtaceae nph| G(DF (hill) |[Dan-Dassa 99.46 CR
Dalziel
Eugenia salacioides Laws. ex Hutch.|Blyrtaceae nph| GqRF-SDF [ Avagbodji-Bembe-Dangbo-Gnaouizounje  99.82 |EN
Dalziel
Ficus leprieuri Mig. Moraceae mph-GC [Sw Lokoli 99.28| DD
Ep
Ficus lyrata Warb. Moraceae nph{ERC |Sw-RF | Lokoli-lgolo-Bassila-Pénéssoulou 98’5 E
Ficus mucuso Ficalho Moraceae mPh  [S@-SDF | Dangbo-Pobeé-Niaouli-Lokoli 98.39 HN
Funtumia africana (Benth.)Stapf Apocynaceae nPh |&0T--Sw | Pobe-Lokoli 98.92 EN
Funtumia elastica (Preuss)Stapf Apocynaceae mPh |SGE Niaouli 99.64] CH
Gaertnera paniculata Benth. Rubiaceae mph [SBE--Sw | Mondo Tokpa-Ahozon-Kraké-Meridjono99.64 EN
(N 06°29' E 02°41")-Cocotomey-Cococodlji
Garcinia kola Heckel Clusiaceae mgh  @@&b Adjara-Sota-Pahou EWw
Garcinia livingstonei T.Anders. Clusiaceae mPh |BE Pendjari 99.82 CR
Garcinia mannii Oliv. Clusiaceae mph  GEwv Mitro (Ouémé) CH
Garcinia smeathmannii (Planch. & |Clusiaceae mPH Pt SDF-S Dangbo-Mitro (Quémé) 99 BR
Triana)Oliv.
Gardenia imperialis* K.Schum. Rubiaceae mpPh |BE Yarpao 99.84 CR
Gardenia nitida Hook. Rubiaceae mph  (S8DF Pobe-Lama-Ewe-Gnaouizoume 97|67 |EN
Gouania longipetala Hemsl. Rhamnaceae Lm@IC |SDF Pobe-Ewe-Pénéssoulou 99182 EN
Griffonia simplicifolia (Vahl ex Leg.-Caes. LmPh At |SDF-Thic|Dogbo-Come-Avégamey-Badjame 99.564 EN
DC.)Baillon
Hannoa klaineana Pierre & Engl. Simaroubaceae NP |SBF-RF- |Pobe-Niaouli-Sakété-lgolo 98.21 HN
Sw
Harungana madagascariensis Lam. g&lusiaceae nphl Ap Sw Zogbodomey-Missérété 99.82 | EN
Poir.
Hexalobus crispiflorus A.Rich. Annonaceae mPh |BE Pénéssoulou-Djighé 99.44 HN
Heteropteris leona (Cav.)Exell. Malpighiaceae Lnp®&C |SDF Dangbo CH
Holoptelea grandis (Hutch.)Mildbr. Celtidaceae mpP&C [SDF Pobé-Ewe-Bante-Bassila-Pénéssoulou-| 93.39| VU
Djougou
Homalium le-testui Pellegr. Flacourtiaceae mpPh  |SDF Pobe-Dangbo 98.97 HN
Hunteria umbellata (K. Schum.)Hall.f| Apocynaceae phm GC|SDF Dangbo-Pobe-Ewée 98.03 HN
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Hymenostegia afzelii (Oliv.)Harms Leg.-Caes. mph [BE Sakété-Akpa 99.8p EN
Ipomoea beninensis Akoegninou A. §Convolvulaceae LHQ § Sav Birni-Ndali-Tanguiéta 96|6EN
Lisowski
Irvingia smithii Hook.f. Simaroubaceae mph  $&av Tchaourou-3 Riviéres-Alibori Supérieur EN
Khaya grandifoliola C.DC. Meliaceae mAh  ¢EDF-RF | Pénéssoulou-Zagnanado 9767 |EN
Khaya senegalensis (Desv.)A.Juss. Meliaceae mPh | FSSak | Dogo-Monts Kouffe-Ouémé Supérieur- | 87.32| EN
Bassila-Pénéssoulou
Kigelia africana (Lam.)Benth. Bignoniaceae Mph  {8DF-DF- |Lama-Pobé-Dogo-Dassa-Alibori Supériqure6.6 | VU
RF Mékrou-Atacora Mountains
Kolobopetalum auriculatum Engl. Menispermacea| Lp@C [SDF Dangbo-Pobé 99. EN
Laccosperma secundiflorum (P. Arecaceae Lmph GC [Sw Mondo Tokpa-Lokoli-Tohoué-Dja-Zinvié} 99.64| VU
Beauv.)O.Kuntze Lac Azili
Laguncularia racemosa (L.)Gaertn.f. Combretaceae| Ph yPAYMgr Djondji-Bouche du Roi (N 06°15' E 01°54'99.82| CR|
Landolphia calabarica (Stapf)A.E.Bruéemocynaceae LmPhGO |SDF Pobe-Niaouli EN
Landolphia incerta (K. Schum.)Persopocynaceae LmphGC |RF Sakété CR
Landolphia togolana (Hallier f.)Pichof Apocynaceae | Lmph |GO |SDF Pobe-Lama 97.3p EN
Lasiodiscus mannii Hook.f. Rhamnaceae mph  |SOF Lama-Ewe 98.51 EN
Leptoderris cyclocarpa* Dunn Leg.-Pap. LmpBO [SDF-RF | Ahozon-Avagbodji-Bembe 98.15 HN
Macaranga barteri Mull.Arg. Euphorbiaceae mph  |SDF Pobé-Ahozon 98.2l EN
Macaranga heudelotii Baill. Euphorbiaceae mph |BE Niaouli-Badjame 99.28 EN
Macaranga schweinfurthii Pax Euphorbiaceae nMph |SE Igolo CR
Macaranga staudtii Pax Euphorbiaceae nph |SE Adijemeé (Come) CH
Machaerium lunatum (L. f.)Ducke Leg.-Pap. ngh  [Mgr Ouidah-Togbin (N 06°21' E 02°18') 99.$2 R
Maerua duchesnei (De Wild.)F.White] Capparidaceae| ph nGC|SDF Pobe-Eweé 95.8p EN
Maesopsis eminii Engl. subsp. eminijl Rhamnaceae mBicC [SDF Pobe 98.7% CR
Majidea forsteri (Sprague)Radlk. Sapindaceae nPh [SBE Pobe-Ewe-ldadjo 98.21 HN
Manihot glaziovii Mill.Arg. Euphorbiaceae mPh PJEDF Pénéssoulou 99.46 (R
Manilkara obovata Sabine & G.Don Sapotaceae mPHh |RA-Thic | Ahozon-Semeé-Avagbodiji-Bembe- 99.64| EN
Gnaouizoumé
Mansonia altissima (A.Chev.)A.Chev| Sterculiaceae | mPh | GC|SDF Ewe 95.89| CR
Maranthes robusta (Oliv.)Prance ChrysobalanacgaePh mGC|SDF-RF- |[Pobé-Ahozon-Avagbodji-Bembe-Dja 93.39 KN
Sw
Martretia quadricornis Beille Euphorbiaceae mph [S@ Monts Kouffe CR
Maytenus ovatus (Wall ex Wight & |Celastraceae mph S hic Coast 99.24 CR
IArn.)Loes
Microlepia speluncae (L.)Moore Dennstaedtiaced pg-EPt | SDF Dangbo CR
Milicia exelsa (Welw.)C.C.Berg Moraceae mARh  (8DF-DF- |[Dangbo-Pobé-Ahozon-Lama-Niaouli-Ewg86.07 | EN
RF Dogo-Comeé-Badjamé-Avégamey-
Aplahoué-Pénéssoulou-Toucountouna
Millettia barteri (Benth.)Dunn Leg.-Pap. LmpiGC |RF Dangbo-Mariagléta 99.82 HN
Millettia chrysophylla Dunn Leg.-Pap. LmghGC |RF Avagbodji-Bembé 99.82 CR
Millettia griffoniana Baill. Leg.-Pap. mpH GIRF-Sw | Avagbodji-Bembeé-Lokoli-Djregbé 99.42 BN
Millettia warneckei Harms Leg.-Pap. mph (RF Bétékoukou 99.82 CR
Mimusops andogensis Hiern Sapotaceae mPh |SBE-RF | Lama-Avagbodji-Bembe-Doumeé 96.p6 EN
Mitragyna ledermannii (K.Krause) |Rubiaceae mPH GSw Lokoli-Mondo Tokpa-lgolo-Tchakou- 97.85| EN
Ridsdale Gnaouizoume-Meridjonou-Idigny (Kétou
Monanthotaxis parviflora (Oliv.)Verdd. Annonaceae npb | GE[SDF Dangbo-Pobé-Ewe-Monts Kouffé 93.p2 EN
Mondia whytei (Hook.f.)Skeels Asclepiadaceae Lnppht [SDF- Lama-Ewe-Avégamey-Badjame 975 HEN
Fallow
Monodora myristica (Gaertn.)Dunal Annonaceae nPh |&C Dangbo-Niaouli 98.57T EN
Morinda morindioides (Baker)Milne- |Rubiaceae LnpH G(SDF Pobe-Niaouli 97.8% EN
Redh.
Musanga cecropioides R.Br. Moraceae mPh |SOF Pobe-Niaouli 99.46 EN
Mussaenda isertiana DC. Rubiaceae Lm@C |Sw Mondo Tokpa-Ahozon-Seme 98.92 EN
Myrianthus arboreus P.Beauv. Moraceae mPh |&0F Pobe-Niaouli 97.54 EN
Nauclea xanthoxylon (A.Chev.)Aubri |Rubiaceae mph  GPBw Lokoli-Niaouli-Pobé 98.57 EN
Neostenanthera myristiclia Annonaceae mphl GBw Igolo CR
(Oliv.)Exell
Nesogordonia papaverifera (A.Chev.|Sterculiaceae mP GISDF Ewe 95.53| CR
Capuron
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Ochna multiflora DC. Ochnaceae mgh  ¢8DF Ahozon 99.84 CR
Octoknema borealis Hutch. & Dalziel| Olacaceae nPhO |’ Avagbodji-Bembé 99.82 CR
Octolobus spectabilis Welw. Sterculiaceae nph |SOF Ewe 96.78| CR
Oligocodon cunliffeae (Wernh.)Keay | Rubiaceae LnEBE [Sw Mondo Tokpa-Avagbodji-Bembé-Lokoli EN
Oncinotis glabrata (Baill.)Stapf ex  [Apocynaceae LmphGO [SDF-RF | Mondo Tokpa-Ahozon-Dangbo 9585 E
Hiern
Oncoba spinosa Forsk. Flacourtiaceae mph |SZF-DF | Lama-Dangbo-Avégamey-Kétou-Badjam®5.35| LR
Dassa-Savalou-lgbo-macro-Bante-Nikki
Goro-Tchaorou-Boukoumbé-Sémere-
Gamia-Kotiacou-Bondjagou-
Toucountouna-Tanougou
Pararistolochia goldieana Aristolochiaceae LmPhGC [SDF-RF | Ahozon-Bante-Pénéssoulou 93|21 |EN
(Hook.f.)Hutch. & Dalziel
Pararistolochia mannii* (Hook.f.)Keay Aristoloch&se Lnph| GQRF Zinvié-Tohoué EN
Parinari congensis F.Didr. Chrysobalanacepe MmPh |[REC Monts Kouffé-Samiondji-Okpara river 9901 HN
Parkia bicolor A.Chev. Leg.-Mim. mP GSDF Dangbo-Pobeé-Niaouli 96.96 HN
Paropsia guineensis Oliv. Passifloraceae mPh [SEF Pobe 98.57T CR
Pauridiantha hirtella (Benth.)Bremek| Rubiaceae np&C |Sw Mondo Tokpa-Seme EN
Pentaclethra macrophylla Benth. Leg.-Mim. mPh  S@ Pobe-Niaouli 98.39 EN
Pentadesma butyracea Sabine Clusiaceae mPh |RBG Bassila-Pénéssoulou-Toucountouna-Ghe88e75 | EN
(Ségbana)
Phoenix reclinata Jacq. Arecaceae nph |At RF-Siv  MKouffe-Pénéssoulou-Ouidah-Grand7.85( EN
Popo
Pierreodendron kerstingii* (Engl.)LittlfSimaroubaceae mPh  Jd8w-RF- |Pobe-Zinvié-Tori-Bante-Pénéssoulou 98192 EN
RF
Piper guineense Schum. & Thonn. Piperaceae Lp®a [Sw Dangbo-Pobe-Niaouli-Lokoli 97.% EN
Piptadeniastrum africanum Leg.-Mim. MPh | GC|SDF Dangbo-Pobe-Niaouli 95.35 BN
(Hook.f.)Brenan
Pityrogramma calomelanos (L.)Link Adianthaceae G{EBt | Sw Dangbo CR
Placodiscus boya* Aubrév. & Pellegr] Sapindaceae Phm GO|For Lama CR
Platycerium stemaria (Beauv.)Desv. Polypodiaceae EpG- At |RF Bante-Pénéssoulou BN
Pleiocarpa pycnantha (K.Schum.)Stapf Apocynaceae h h@EC|SDF-RF | Dan-Missérété-Avagbodji-Bembé-Loko4sa7.85| EN
towards Aplahoué
Pouchetia africana DC. Rubiaceae nph |SDF Pobe-Ewe-Lama 95.93 HN
Premna quadrifolia Schum. & Thonn| Verbenaceae MEbC [SDF Pobé-Niaouli-Ewe-Aguigadji-Bétékouko BN
Pseudospondias microcarpa (A. Anacardiaceae mP GRF-Sw | Calavi-Bassila-Pénéssoulou 99|64 [EN
Rich.)Engl. var. microcarpa
Psilanthus mannii Hook.f. Rubiaceae ngh [SOF Dangbo 99.28 CR
Psychotria articulata (Hiern)Petit Rubiaceae mph |S€ Lokoli-Zinvié-Mariagléta 98.79 EN
Psychotria obscura Benth. Rubiaceae nph |&0F-RF | Manigri-Natitingou EN
Psydrax subcordata (DC.)Bridson Rubiaceae mph |SBEF Pobe 99.64 CR
Pterocarpus erinaceus Poir Leg.-Pap. mPh | S Sav| mailogo-Tui Kilibo-Tchaourou-Ndali- EN
3Riviéres-Sota-Goungoun-Savalou-Bante-
Monts Kouffé-Ouémé Supérieur-Alibori
Supérieur-Kouandé-Batia
Pterygota macrocarpa K.Schum. Sterculiaceae IPh |SBE Ewe-Kétou 99.64 CR
Pycnanthus angolensis (Welw.)Warb|Myristicaceae MPh| G{SDF Dangbo-Pobé-Niaouli-Ahozon-Lokoli- | 94.28| VU
ar. angolensis Badjame
Raphia hookeri Mann & Wendl. Arecaceae mph [S@ Djassin-Sémeé-lgolo-Adjara-Zinvié-Niaoyli97.85| VU
Lokoli
Raphia sudanica A.Chev. Arecaceae mph  |BE Penessoulou-Kouandé-Perma-Savalou-| 97.5 | LR
Save-Gamia-Kota-Yarpao-Tora-Seéri-
Konkombri
Raphia vinifera P.Beauv. Arecaceae mph  |St Avrankou 99.89 CH
Rauvolfia vomitoria Afzel. Apocynaceae mph  @&r-Thic | Coast-Dangbo-Pobé-Niaouli-Ahozon- | 95.89| EN
Avégamey-Pénéssoulou-Djougou
Rhabdophyllum affine (Hook.f.)Van |Ochnaceae nphl G[3DF-Sw | Pobe-Niaouli-Lokoli 99.1 EN
Tiegh. syn Ouratea affinis Hook.f.
Rhizophora racemosa G.Mey. Rhizophoracea¢ mPh |\l Ouidah-Grand Popo-Mitogbodji 99.46 HN
Ricinodendron heudelotii (Baill.)PierrgEuphorbiaceae mPh  GSDF Pobe-Idadjo-Bassila 97.p HN
& Heckel
Rinorea brachypetala (Turcz.)O.Kuntpéolaceae nph| GJ{SDF Niaouli-Ewe-Kétou 99.46 EN
Rinorea dentata (P. Beauv.)O.Kuntzgd  Violaceae mplC |SBF Pobé-Ewe-Ilgho-macro 98.21 HEN
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Rinorea ilicifolia (Welw. ex Oliv.)O. |Violaceae nph| G({SDF Ewé 99.82| CR

Kuntze

Rinorea kibbiensis Chipp Violaceae nph (8DF-RF | Kétou-Ewe 99.28 EN

Rinorea subintegrifolia (P. Beauv.)O|Violaceae nph| G{sSw Avrankou CR

Kuntze

Rothmannia munsae (Schweinf. ex |Rubiaceae mph  G{Sw Mondo Tokpa-Lokoli 99.64 EN

Hiern)Petit

Rothamannia whitfieldii (Lindl.)Dandy Rubiaceae mptSG [SW-RF | Pobé-Boukou EN

Sarcophrynium brachystachyum Marantaceae G| G{sDF Dangbo 99.82 CR

(Benth.)K.Schum.

Sarcostemma viminale (L.)R.Br. Asclepiadaceae Ch |Ssindy |Cotonou (coast) C
shores

Scaevola plumieri L. Goodeniaceae Ch RF3andy [Cotonou (coast) cR
shores

Schrebera arborea A.Chev. Oleaceae nPh |SBE Ewé-Pénéssoulou 99.28 KN

Sesuvium portulacastrum L. Aizoaceae gh |&or Coast 99.84 CH

Sherbournia bignoniiflora (Welw.)Hug Rubiaceae LmpbC [SDF Dangbo-Pobé 97.85 HN

Smeathmannia pubescens Soland. efPassifloraceae mphh  GSDF Ahozon 97.14 CT

R.Br.

Spathandra blakeoides (G. Don)JacqMelastomataceae mph QJS8DF Ahozon 98.74 CR

Félix

Sphenocentrum jollyanum Pierre Menispermacede hpiC |SBF Dangbo-Pobé-Niaouli 91.25 HN

Sphenostylis schweinfurthii Harms Leg.-Pap. dgh |sav Natitingou-Pouya-Atacora Mountains 99.1 U

Spondianthus preussii Engl Euphorbiaceae nMPh |SBC Pobe-Lokoli 97.33 EN

Stenotaphrum secundatum Poaceae G A} Coast [Coast CR

(Walt.)Kuntze bush

Streptogyna crinita P.Beauv. Poaceae e SBF Ewe-Bassila 97.4 EN

Strombosia pustulata Oliv. Olacaceae mpPh |SCF Dangbo-Pobe 95| EN

Symphonia globulifera L.f. Clusiaceae mRh HBDF-Sw | Seme-Ahozon-Niaouli-Mondo Tokpa- | 97.14| EN

Avagbodiji

Synsepalum dulcificum (Schum. Sapotaceae mph  GQSw Azove-Djakotomey-Zagnanado BN

& Thonn.)Daniell

Synsepalum passargei (Engl.)Penn. Sapotaceae mph|RFAt Yarpao 98.39 CR

Syzygium guineense (Willd.)DC. var.|Myrtaceae mph| G({SDF Ahozon 99.24 CR

littorale Keay

Syzygium owariense (P. Beauv.)Benth. Myrtaceae AT |Sw Mondo Tokpa-Lokoli-Meridjonou 98.5f EN

Tabernaemontana eglandulosa Stapf Apocynaceae | @A SDF Dangbo-Pobe-ltchede 98.Y5 E

Tabernaemontana pachysiphon Stapf ~ Apocynaceae Impb |SoF Dangbo-Pobe 96.42 HN

Tapura fischeri Engl. Dichapetalaceae mpPh |SDF Pobe-Ewe 98.2L EN

Teclea verdoorniana (Engl. & Rutaceae mph  G{SDF Dangbo-Zé-Avégamey-Houéyogbé 99|28 [EN

Mendonga)Mziray

Terminalia brownii Fresen. Combretaceae mph  |S&v (hill) | Atacora Mountains 929.82 QOR

Terminalia superba Engl. & Diels Combretaceae nPIC [$€DF-RF | Pobé-Athiémé-Dogo-Banté 9585 E

Tetrapleura tetraptera (Schum. & Leg.-Mim. mPh | GJSDF Ahozon-Pobé-Niaouli 97.86 EN

[Thonn.)Taub.

Tetraptera andongensis Welw. ex Oliy. Leg.-Mim. mplt |Sav Tui Kilibo-Monts Kouffe-Bassila-Lougba] 92.8 EN

Tetrorchidium didymostemon Euphorbiaceae mph  G|SDF Pobe-Niaouli 99.64 EN

(Baill.)Pax & Hoffm.

Thunbergia atacoriensis Akoegninou|&canthaceae LCh 9 RF Yarpao-Koussoukouangou-Perma 9.46 P EN

Lisowski

Thunbergia cynanchifolia Benth. Acanthaceae Lm@C |SDF Dangbo CH

Treculia africana Decne. Moraceae mPh [S@-RF | Pobé-Lokoli-Niaouli-Sakété-Gnaouizouthe 98 %N

Tricalysia faranahensis Aubrév. & |[Rubiaceae nph| G{3DF Ahozon 96.94¢ CR

Pellegr.

Tricalysia reflexa Hutch. Rubiaceae ngh (BDF Dangbo 99.82 CR

Tricalysia reticulata (Benth.)Hiern Rubiaceae nph O [SDF Lama 99.64 CR

Trichilia martineaui* Aubrév. & PelledMeliaceae mPh| G{sw Niaouli CR

Trichilia megalanta Harms Meliaceae mih  (SDF Ahozon-Dangbo-Pobée 92.67 HN

Trichilia retusa Oliv. Meliaceae mp S8F Alibori Supérieur CH

Trichilia tessmannii Harms Meliaceae mRh (SDF Dangbo-Pobe-Niaouli 96.7 BN

Trichoscypha oba Aubrév. & Pellegr.| Anacardiaceae ph h GO|Coast FoifAhozon-Cococodji-Sémé 97. BN
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Triplochiton scleroxylon K.Schum. Sterculiaceae mpP&C |SDF Dangbo-Pobé-Niaouli-Kétou-Lokoli- 84.64| EN
Avégamey-Badjame-Bante

Turraea heterophylla J.B.Hall Meliaceae Lnph [SOF Dangbo-Pobé-Lama 991 HN

Uapaca paludosa* Aubrév. & Léandli Euphorbiaceae ph m GC|Sw Lokoli 99.82| CR

Urera obovata* Benth. Urticaceae ngh (SDF Pobe-Niaouli DO

Uvaria ovata* (Vahl ex Dunal)A.DC. | Annonaceae npisO [Thic Houéyogbé CH

entilago africana Gaertn. Rhamnaceae L@C |SDF Lama 99.84 CR

Vitex ferruginea Schum. & Thonn. Verbenaceae nph |8€ area around Porto Novo Oob

Vitex grandiflora Girke Verbenaceae miPh  BW Ahozon-Pobe-Sakété-Kraké-Lokoli-Sog 97|85 MU

Vitex micrantha Girke Verbenaceae miPh  [SOF Ewe 98.21| CR|

Voacanga africana Stapf Apocynaceae nph | At SDF-{Bvie-Pénéssoulou-Pobe-Coast 98175 |EN

IWarneckea fascicularis* Planch. ex |Melastomataceae mph QRF Avagbodji-Bembée 99.82 CR

Benth.

Warneckea memecyloides* Melastomataceae LmphGC |Sw-RF- |Gnaouizoume-Adjohoun-Avagbodji- 96.78| VU

(Benth.)Jacq.-Fél. SDF Bembé-Dangbo-Niaouli-Eweé-Lama

Xylopia aethiopica (Dunal)A.Rich. Annonaceae mPh [S@-RF | Ahozon-Pobée-N'dokpo-Adjara- 97.14| VU
Pénéssoulou-Birni-Yarpao

Xylopia rubescens* Oliv. Annonaceae mRh (8w Pobe-Mondo Tokpa-Lokoli-Adjohoun- | 97.85| EN
Aplahoué

Xylopia villosa Chipp Annonaceae mPh  GEDF Pobe 98.7% CR

Zanha golungensis Hiern Sapindaceae mPh [FFGDF- [Banté-Bassila-Pénéssoulou-Djougou- | 95.35| VU

SDF Toucountouna-Atacora Mountains

Zanthoxylum gilletii (De Rutaceae mph G{SDF Pobe 99.1 | CR

Wild.)Waterman

Zanthoxylum zanthoxyloides Rutaceae mph  SESDF-DF- |Ahozon-Bassila-Ewe-Lama-Coast 88.p3 E

(Lam.)Zepern. & Timber Thic

Ziziphus spina-christi (L.)Desf. var. |[Rhamnaceae npll SRF Porga-Pendjari EN

microphylla Hochst. ex A.Rich.

LF = Life forms followed Raunkiaer (1934), Schnel(1971), and Keay & Hepper (1954-
1972): MPh: megaphanerophyte (> 30 m tall), mPh: nsmphanerophyte (8-30 m), mph:
microphanerophyte (2-8 m), nph: nanophanerophyte (-2 m), Ch: chamephyte, G:
Geophytes, HC: Hemicryptophyte, Th: Therophyte, L.:Liana, Ep: Epiphyte.

CT = Chorological types: GC: Guineo-Congolian, GEwko Guinean, GO: Upper Guinean, S: Sudanian, SG:
Sudano/Guinean transition, SZ: Sudano-Zambeziantrapical Africa, Pt: Pantropical, PAL: Paleotropical

Hab. = Habitats: Coast For: Coastal forest, DF: fongst, For: Forest, RF: Riparian forest, Hab: itédion,
Mgr: Mangrove, Sav: Woodland to Savannah, SDF: Strniduous forest, Sw: Swamp forest, Thic: Thicket.

RI = Rarity Index (RI) estimated for species repdrin the field based on 598 vegetation samples.

TC = IUNC-Threatened categories: EX: Extinct, EW: Extint the Wild, CR: Critically Endanger, EN:
Endanger, VU: Vulnerable, LR: Lower Risk, DD: Datafibient, NE: Not Evaluated.

Leguminosae: Leg.-Caes.: Leg.-Caesalpinioideae, Legn-Mieguminosae-Mimosoideae, Leg.-Pap.:

Leguminosae-Papilionoideae.

*: Plant species rare at international level (Hawatie (1996).
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Chapter 6: General discussion & conclusion®

6.1. General vegetation patterns

During this study, a plant species checklist (Afjmeade of 1021 species was generated from
our inventory data; they belong to 576 genera drdfamilies. This corresponds to c. 34% of
the total flora, which is being estimated at 30Ghpspecies (Project Flora of Benin 2001).
Considering the distribution range types, 45% ef $pecies recorded are Guineo-Congolian,
22% are widespread, 19% are Guineo/Sudanian (fnlefements), 17% are Sudano-
Zambesian and 7% are Sudanian. A list of 280 taremt plant species representing c. 10% of
the total flora was made. Ten (10) plant specieseul out to be new for the flora of Benin
(Table 6.1); all of them are Guineo-Congolian.

Table 6.1: Plant species found to be new for theftd Benin

Plant species new for the flora Family Plant formation Distribution in Benin (see
of Benin Figure 2.1)

Rinorea ilicifolia Violaceae Semi-deciduous forest Eweé (Kétou)
Rinorea brachypetala Violaceae Semi-deciduous forest Ewe (Kétou), Niaouli
Rinorea kibbiensis Violaceae Semi-deciduous forest Ewe (Kétou)
Rothmannia munsae Rubiaceae Swamp forest Lokoli

Uapaca paludosa Euphorbiaceae Swamp forest Lokoli
Hymenodicton pachyantha Rubiaceae Semi-deciduous forest Ewe (Kétou)

Vitex micrantha Verbenaceae Semi-deciduous forest Ewe (Kétou)
Zanthoxyllum rubescens Rutaceae Semi-deciduous forest Eweé (Kétou)
Eugenia salacioides Myrtaceae Semi-deciduous forest Dangbo, Avagbodji
Xylopia villosa Annonaceae Semi-deciduous forest Pobé

We identified 20 vegetation types distributed ou€r phytogeographical districts (PDs),
which fit into three floristic regions: the Guiné&mpngolian region, the Guineo/Sudanian
transition zone and the Sudanian region. The Giwaanian transition zone was subdivided
into the “Guineo-Sudanian” transition sub-zone (elkterised by a relative dominance of
Guineo-Congolian elements) and the “Sudano-Guingamsition sub-zone (characterised by
a relative dominance of Sudanian elements). Therseiriologies were used in a similar way
as in the phytogeographical subdivision of Camerfi@iouzey 1968, van der Zon 1992).
The proposed phytogeographical map based on vewetapecies composition can be
regarded as a refinement of the previous ones lsttal on physiognomic basis
(Adjanohouretal 1989, Wezektal. 1999, Houinat@tal. 2000, Akoegninou 2004). There is
strong agreement between the major floristic aamalsthe climatic zones (Akoégninou 2004).
The position of the various boundaries can be é&urtimproved, as the precision of a
biogeographical map primarily depends on the qualitthe species distribution data and the
analytical tool used. A standardised system of 10 km grids would be a much better basis
for analysis of biogeographical patterns (spedmess and distribution patterns) (Knight
al. 1982, Lausi & Nimis 1985). This approach wouldegithe opportunity to value all the
available floristic data including site floristiasis, botanical collections and taxonomic
database.
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6.2. The phytogeographical position of Benin

The major phytogeographical studies of Africa drese of White (1979, 1983 & 1993) who
proposed a vegetation classification and map foricAf based on the concept that
physiognomic data (such as cover and height ofvégetation) are fundamentally different
from chorological data on species distribution grais. Our proposed phytochorological
division differs from White’s regional phytogeoghagal division based on endemism (Table
6.2). This study, as well as other research (Para€B3, Adjanohoun 1989, Akoegninou
2004), has shown that the southern Benin (fromcibast up to c. ®B0’N) is part of the
Guineo-Congolian regional centre of endemism. Toefof semi-deciduous forests in this
area has been estimated at about 500 plant spetiediich c. 70% are Guineo-Congolian
(Sokpon 1995, Akoegninou 2004). We have also conith \the evidence that the
phytogeographical district (PD) of Zou corresponids the regional Guinea/Sudanian
transition zone of White (1983). Although today tireater part of this area is covered with
wooded grasslands (due to cultivation and fire¥tiges of the original vegetation dominated
by Hildegardia barteri, Diospyros mespiliformis Manilkara multinervis and Pouteria
alnifolia still exist (Clayton 1958, Charter & Keay 1960).

It should be emphasised that Octoknemataceae Qutbknemaorealig (White 1983)
has been the only one Guineo-Congolian endemidyaeported in Benin and appears to be
restricted to the Ouémé Valley. Now this family ilscorporated in the Olacaceae.
Furthermore, we found that the flora of Benin coisgs nine (9) Guineo-Congolian endemic
genera (White 1983), of which 8 (i.eAmphimas Anthonotha Distemonanthus
HymenostegigAnthrocaryon Coelocaryon andDiscoglypremnawere confined to the PD of
Pobé. The 8 Guineo-Congolian endemic genus (iibrevilled was found to be restricted
to the PD of Bassila. These facts elucidate thgdmgraphical particularities of these floristic
areas in Benin. We also described the Atacora Cisiof great biogeographical significance
and would have played a major ecological role dutime quaternary climatic fluctuations.
Moreover, the Benin’s endemic plant spedi&sinbergiaatacoriensis(Acanthaceae) and the
Sudanian endemic genwk$aematostaphifAnacardiaceae) appear to be restricted to this
landscape unit to further corroborate its biogeplgieal importance.

Table 6.2: Relationship between our floristic araag White's (1983) regional units

Phytogeographical ~ Proposed phytochorological areas White (1983)’s phytogeographical
districts (Figures 2.7 & 3.3) subdivision

Pobe Guineo-Congolian region Guineo-Congolian region

Ouémé Valley " Guinea/Sudanian transition zone
Coast .
Plateau

Zou Guineo/Sudanian transition zone .

Bassila . Sudanian region
Borgou-Sud " .
Borgou-Nord Sudanian region

Atacora Chain "

Mékrou-Pendjari
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6.3. Water availability as the major factor determning vegetation gradients

Rainfall has been described as the most importatémfactor determining the vegetation
gradients in West Africa (Hall & Swaine 1976 & 198hAn Rompaey 1993, van Rompaey &
Oldeman 1997, Bongert al. 2004, Tchouto 2004). This study has demonstridtadmean
annual rainfall alone can not be considered astteeriding climatic factor underlying the
vegetation patterns in West Africa. Water avaiip# expressed as a function of rainfall,
length and intensity of the dry season, and airiditlyn— turns out to be the major factor
determining the vegetation gradient in Benin, arplans 80% of the variation in species
composition while the annual rainfall only accoufds 30% of the variation in species
composition. This thesis showed that the climatidex of Mangenot provides a better
guantitative assessment of climatic conditions a&ita than the mean annual rainfall. We
suggest the use of such a climatic index in vemgetatnalysis to reflect the cumulative effect
of the various climatic factors.

The importance of seasonal variation in water supmi plant species has largely been
ignored in studies conducted in the West Africaim farest area, because rain forest has
traditionally been seen as “ever wet”, implying #oniting water supply (Swaine 1996).
Recently, however, a number of authors have arghugtdeven occasional soil water deficits
may be important determinants of forest plant ghoarid survival (Beckestal. 1988, Grubb
1989, Wright 1992, Brown 1994). Several authors diae 1996, Veenendaal al. 1996,
Bongerset al. 1999 & 2004) emphasised the length of the dryopeand its intensity as a
strong determinant of floristic patterns in Westigd. Soil moisture (a function of climate,
soil type and topography) is often regarded as libst discriminating factor of plant
communities (Markham & Babbedge 1979, Hall & Swal®&1, van Rompaey 1993, Swaine
1996, Gautier & Spichiger 2004). This is probabledo the fact that the processes by which
key nutrients such as nitrogen are made availabthe plant are controlled by soil moisture
(Scholes 1993, Fairbanks 2000).

Despite the strong dependence of riparian forestnoonities on soil moisture, our
results clearly indicated that their distributioaterns are strongly shaped by the general
climate (Natta 2003). This can simply be explaibgdhe fact that the level of the water table
is determined by the general climate (rainfall antoand seasonality). Furthermore, our
floristic gradient has not strictly followed thetitadinal gradient. This can be illustrated by
the phytogeographical districts of Bassila and #tacora Chain, where the richness in
Guineo-Congolian elements (36% & 18% respectiveggms to be in contrast with their
latitudinal position. We have interpreted this faad an imprint of quaternary climate
fluctuations (Chapters 2-3).

Actually, environmental factors, past climatic fiuations, and human disturbance
appear to act in concert to produce similar ecclgtonditions that consequently result in
similar species assemblages (Holmgrein al 2004). The strong relationship between
vegetation patterns, species distribution rangesyand water availability indicates that plant
species and communities are sensitive to climaegh

6.4. Evidence for Late Holocene micro-refuge foresh Benin

An understanding of the present-day location gbitral rain forest requires the use of direct
evidence such as palynological and paleobotanieabrds. Palynological records from
southern Benin (Tossou 2002, Salzmann & Hoelzm&@bRshowed that the Dahomey Gap
(Figure 4.1) was cover by a semi-deciduous forasnd the early-mid Holocene (8500-4000
years BP). This is supported by records of strittfyper Guinean endemics (Poortdral.
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2004) such asZanthoxylum qgilletii Turraea heterophylla Dennetia tripetala and
Pierreodendron kerstingiin semi-deciduous forest remnants we have invasily We
argued that theTerminalia superb&iptadeniastrum africanumcommunity, which
corresponds to the West African moist semi-deciduovest, would have been the dominant
forest type that bridged the Upper and Lower Guintgest blocks during this climatically
humid period. During this periodhe Upper Guinean forest block would have reached t
centre-western Benin and even covered the AtachanQip to latitudes of 28I (Aubréville
1937, Akpagana 1989). The restriction of tkbaya grandifoliolaAubrevillea kerstingii
semi-deciduous forest type — a characteristic ptamimunity of Upper Guinea (Guillaumet
& Adjanohoun 1971, Kouameét al. 2004) — to this part of Benin corroborates thjipdthesis.
The restriction of theTerminalia superb&iptadeniastrum africanunforest type to the
riverbanks in southern Benin and records of seweratacteristic semi-deciduous forest plant
species (e.gMilicia excelsa Khayagrandifoliola, Triplochytonscleroxylonand Trilepisium
madagascariengen the riparian forest from the phytogeographidatricts of Bassila and
the Atacora Chain (Natta 2003, Wala 2005) was pméted as ecological responses to the
general climatic drought stress of late Holocenhis Tsubstantiates the hypothesis that
riparian forest would have acted as an outpostdor forest species in glacial times (Medley
1992, Kellmaret al 1994, Meave & Kellman 1994).

During the glacial periods of past climatic changé@wsited and isolated patches of
tropical African rain forest — the so-called rawrdst refuges — persisted and survived the
unfavourable climatic conditions (Aubréville 1962amilton 1982, Maley 1987, Sosef 1994).
Several authors showed that the geographic posifitimese forest refuges coincides with the
distribution patterns of rain forest bio-indicatorsuch as Rinoreg Begonia and
Caesalpinioideae (Achoundong 1996 & 2000, Sosef61%hd Rietkerket al. 1996,
respectively). Bio-indicator species are usuallfird® as species whose status and ecology
provide information on the overall condition of theosystem and relative abundance reflect
the quality and changes in environmental conditidiegh biotic and a-biotic (Heywood &
Watson 1995). The interpretation of the semi-demiduforest patterns in the light of the
Holocene pollen assemblages from southern Beniss@w 2002, Salzmann & Hoelzmann
2005) led us to consider the investigated fordahds as relics that have survived the late
Holocene dry period (3000-2500 yrs BP). We assuthatithe subsequent forest expansion
after 2500 years BP (Salzmann & Hoelzmann 2005haisty started in the Dahomey Gap
from these “small isolated humid pockets”, whichh dae regarded as areas of medium
refugium probability. The geographical positionstbése semi-deciduous forest remnants
partly coincide with the distribution patterns Rinoreaspecies in Benin (Figure 6.1). The
overall distribution pattern of the fivRinoreaspecies recorded in Benin seems to indicate
areas where semi-deciduous forest survived theHatecene dry spell. The genus is mostly
represented by only one species in each foresesdept Ewe, which harbours four species.
This study is the first to demonstrate that this karbours a distinct type of semi-deciduous
forest, theDrypetes aframensiklesogordonia papaveriferavhich is floristically similar to
the Celtis spp.Mansonia altissimacommunity in Ivory Coast (Guillaumet & Adjanohoun
1971). The best representatiorRihoreaand the dominance of Celtidaceae and Sterculiaceae
substantiate the view of Guillaumet & AdjanohoufAq1), who considered this forest type as
the climatic climax or primeval type of semi-deaidis forest in West Africa. The
geographical position of this forest type in Bef(fiigure 6.1) provides the evidence that the
northern boundary of the Dahomey Gap can be plat@&30’ at least.
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Figure 6.1: Map of Benin showing the phytogeographdistricts (Chapter 2) and the distributionRihorea
speciesR. brachypetalaR. dentata R. ilicifolia, R. kibbiensis& R. subintegrifolia The number indicates the

number of species &inorearecorded at the site.
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6.5. Implications for biodiversity conservation

One tool required for implementation of ecosysteasdsl approache to biodiversity
conservation and environmental management is aifitadion that identifies geographic
areas with similar ecosystem characters (Baille§319mernik 1987 & 1995, Brycet al.
1999, Leathwicket al 2003). The cornerstone of ecoregion conservason biodiversity
vision i.e. a vision built on the findings of a lugical assessment. A biological assessment is
a record: (1) of the distribution of species, comitias, and habitats in the ecoregion, (2) of
the ecological processes sustaining that biodiyeasid (3) of the current and future threats to
its maintenance (CBD 2002). This thesis is a basittribution to provide this biological
assessment for the plant diversity and vegetatmrservation in Benin. We identified 20
main plant communities distributed over 10 phytagaphical districts, which fit into three
major floristic zones: the Guineo-Congolian Regithe, Guineo/Sudanian transition zone and
the Sudanian Region. The strong relationship beatwesmetation types, distribution range
types and climate implies that the proposed phytggphical maps can be used as a spatial
framework to guide biodiversity conservation in BerHall & Swaine (1976) stressed that
vegetation pattern is a good predictor of environin&hus, the vegetation typology can be
used as surrogate of environment representativenesdiversity in biological reserve
selection (van Rompaey 1993, Pienkowskial. 1996, Stomset al. 1998). The aim in
applying the representativeness principle for reseselection is to ensure that all
environmental variation is well represented in sleéected reserve network (Faith & Walker
1996). Furthermore, vegetation orientated-apprdachiodiversity conservation is a very
valuable conservation tool in areas like Benin, rghdistribution data on various biological
groups are scarce (Keet al. 1993, Nillson & Goétmark 1993, Strittholt & Boem&995,
Fearnside & Ferraz 1995, Awimlat al. 1996). We expect that a vegetation-based appyroach
emphasising native plant species and vegetatiom righness, can substantially contribute to
the conservation of faunal biodiversity includingds, mammals, and insects (Panzer &
Schwartz 1998). Our results underline the necedsitinclude more forest sites into the
current protected areas in order to meet the mief environmental representiveness and to
maximise plant diversity conservation. As illusivat we can cite:

(1) The semi-deciduous forest islands are of greaservation value regardless of their size,
since they harbour c. 20% of the total flora tlatbeing estimated to 3000 plant species
(Project Flora of Benin 2001). Due to their richmés threatened species and especially in
range-restricted species, forest sites such as @abéange-restricted species), Dangbo (11
species), Ewe (9 species), and Ahozon (8 spechem)ld deserve particular attention. Of
greater concern is the forest island of Ewe of Whige have highlighted the floristic
uniqueness. Globally threatened species sudteasgordonigapaverifera(vulnerable) and
Mansoniaaltissima(vulnerable) appear to be confined to this fos#&. However, this area
of high conservation priority has not yet gainedg attention from conservationists and the
local human pressure keeps increasing. We recomitimedhis forest site be included into
the protected forest of Dogo-Kétou, which lies €. Em away or local population be
encouraged in its management.

It is worth mentioning that the forest island ofa&on, which represents the last coastal
forest vestige is still facing significant threat loabitat loss. It provides habitat for 33
threatened plant species, of which 8 are rangeatest species. Unfortunately, it still has not
any conservation status and is more exposed tetfdegradation.

Each of these forest islands seems to harbourtaydar bird community (Lougbéon,
pers. comm. 2005), which suggests that the consemvaeeds are urgent in these areas. The
influence of forest species composition and stmectan bird communities needs to be
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investigated. Moreover, we suggest that local comtias be assisted and encouraged in the
management of communal forest. In order to allevite pressure on the forest, alternate
income-generating activities should be identifiedthe local communities.

(2) The forest Lokoli’s relict is the last natut@uineo-Congolian swamp forests in Benin,
although it has been managed by the local commuiitys highly threatened since it is
located in close vicinity to settlements. It harisoa fairly dense population of the globally
vulnerable speciedallea ledermannii(lUCN 2000), whose timber is of high value. We &dav
reported from this forest two plant speci®oihmannia munsagnd Uapaca paludosgnew
for the flora of Benin (Table 6.1). The presencela Red-bellied monkeyCercopithecus
erythrogastersubsp erythrogastey, which is an endemic of Benin, makes it a siteational
and international conservation priority (NC-IUCN(ie 2005).

(3) The mangrove forest of Ouidah is under sevéreat due to salt extraction using
traditional salt production techniques (boiling);forms the unique and directly available
source of firewood. Mangrove management and coafierv efforts can be made more
effective by better understanding why and how |gesdple are harvesting wood from these
forests. Nursery techniques for growing mangrovecss Rhizophoraracemosaand
Avicennia germinan$ should be developed, and mangrove reforestatibauld be
encouraged.

(4) The Atacora Mountains are of high ecological &ilogical value. This landscape unit
harbours an exclusive vegetation type @yasepalunpassargeiBroenadiasalicinariparian
community) and the two Beninese endeniibsinbergia atacorensiandlpomoea beninensis
(Akoegninou & Lisowski 2004).

(5) The inselbergs of the phytogeographical disticZou harbour thédildegardia barteri-
Aphania senegalensicommunity, which proved to be confined to thisdaanit. The
conservation value of these hilly areas has alrdrshn expressed by Yédomonhan (2002),
who reported the presence of “local endemic” plapecies such akugenia nigerina
(Myrtaceae) an€ordia millenii (Boraginaceae).

The protection of the classified forests needs dordinforced to reduce the uncontrolled
logging and land conversion for agriculture; ehg tlassified forest of Goungoun (73 476 ha)
and Alibori Supérieur (251 592 ha) (CENATEL 1992yh almost entirely vanished. There is
still a considerable lack of detailed knowledge wbthe vegetation composition in the
different protected areas in Benin. Large-scaledib@rsity assessment and conservation
planning are hampered by lack of an overview oftaxj knowledge, which is patchy and
scattered across diverse published and unpublisierices. To maximise biodiversity
conservation both within and outside protected gré#ere is an urgent need to coordinate
conservation efforts and integrate traditional klemlge and practices in modern conservation
strategies (Ntiamoa-Baidu 1995). Very little atteérhps been made beyond the local level to
explore and develop the biological potential ofredcgroves and communal forests for
biodiversity conservation. Synthesis is hecessaoy,only to make better use of the existing
biological data, but also to pinpoint more accuyatbose areas where new data are most
urgently required to back active conservation.
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Annex: Plant species checklist of the proposed phygeographical districts

No _Plant specie Family LF Chor. CO PO PL OV BA ZO BS BN AT M-P
1  Abildgaardia hispidula (Vahl)Lye Cyperaceae Th S 0O 0 0 0O @ 1 0 O 0
2 Abrus fruticulosus Wall. ex Wight & Arn. Leg.-Pap. nih PAL o 1 1 0 1 1 1 0 1 0
3 Abrus precatorius L. Leg.-Pap. Lnph  SG 11 1 1 1 1 1 1 1

4 Abutilon mauritianum (Jacg.)Medic. Malvaceae Ch SG o 0 D 1 1 1 1 O 0
5 Acacia ataxacantha DC. Leg.-Mim. Lmph SG o o 0 0O O o o 1 o 1
6  Acacia dudgeonii Craib ex Holland Leg.-Mim. mph S 0O 0 0O 0 O o o0 1 1
7  Acacia gourmaensis A.Chev. Leg.-Mim. mph S 0 O 1 1 1
8  Acacia hockii De Wild. Leg.-Mim. mph SG 0 0O o0 O O O o0 o 1
9  Acacia macrostachya Reichenb. ex DC. Leg.-Mim. mph S o 0 0 0O O o 1 1 1
10 Acacia pentagona (Schumach.& Thonn.)Hook.f. LegnM Lmph SG o 1 1 1 1 o0 1 1 1 1
11 Acacia polyacantha Willd. Leg.-Mim. mPh Sz o o 1 0o 1 1 1 1 O 1
12 Acacia senegal (L.)Willd. Leg.-Mim. mph Sz o 0 0 O O o o0 1 1 1
13 Acacia seyal Del. Leg.-Mim. mPh Sz 0O 0 0 0O O o o0 o0 1 0
14  Acacia sieberiana DC. var. sieberiana Leg.-Mim. mphSZ o 0 o o 1 1 1 1 1 1
15 Acalypha ceraceopunctata Pax Euphorbiaceae Th Sz 0O 0O 000 O O O0 1 0
16 Acalypha ciliata L. Euphorbiaceae Th Pt o 0 0 0O O o O o0 1

17  Achyranthes aspera L. Amaranthaceae Th Cos 0O 0 1 0 O 1 0 1

18 Acridocarpus alternifolius (Schum. & Thonn.)Nied. Malpighiaceae Lmph GC 1 1 0 1 0 1 0 0 O

19 Acridocarpus smeathmannii (DC.)Guill. & Perr. Mglpaceae mph GC 0O 0 0 0O O 1 0 o0 O

20 Acroceras gabunense (Hack.)Clayton Poaceae Th GC 0O 0 1 000 O O O 0
21 Acroceras zizanoides (Kunth.)Dandy Poaceae Hc Pt 0O 0 0O @ o 1 o0 o 0
22 Acrostichum aureum L. Adiantaceae mph GO 0O 0 0O 0 oO

23 Adansonia digitata L. Bombaceae mPh Sz 0 1

24 Adenia cissampeloides (Planch. ex Hook.)Harms ifRaaseae Lnph GC 1 1 1 o0 1 1 O o0 1

25 Adenia lobata (Jacq.)Engl. Passifloraceae Lmph GC 1 1 1 1 0O 0 1

26  Adenia rumicifolia Engl. & Harms var. rumicifolia Passifloraceae Lnph  SG 1

27  Adenodolichos paniculatus (Hua)Hutch. & Dalziel gl-Pap. mph S o o o o 1 1 1 1 1

28 Adenostemma caffrum DC. var. caffrum Asteraceae Th GS 0 O O O O O O o0 1 0
29  Aeglopsis chevalieri Swingle Rutaceae nph GO 0O 0 0 1 0 0O O o0 O

30 Aerangis biloba (Lindl.)Schitr. Orchidaceae Ep GC o o O 0

31 Afraegle paniculata (Schum.)Engl. Rutaceae mph At 0O 0 @ 1 O 0 O 0
32 Aframomum alboviolaceum (Ridley)K.Schum. Zingibezae Gr Sz o 0 0 0O 1 o O 0 O 0
33  Aframomum latifolium (Afzel.)K.Schum. Zingiberaaea Gr Sz o 0 0O O O 1 0 o0 O 0
34 Aframomum sceptrum (Oliv. & Hanb.)K.Schum. Zingibeeae Gr GC 1 1 o0 1 1 1 1 o0 1

35 Afrotrilepis pilosa (Boeck.)J.Raynal Cyperaceae Hc G S 0 0 0O 1 0o 0 O 0
36 Afzelia africana Smith ex Pers. Leg.-Caes. mPh S 0o 1 1 » 1 1 1 1 1
37 Agelaea pentagyna (Lam.)Baill. Connaraceae Lnph GC 1 1 1 1

38 Aidia genipiflora (DC.)Dandy Rubiaceae mph GC 1 1 1 o0 1 0O 0 O

39 Alafia barteri Oliv. Apocynaceae Lmph GC 11 1 o 1 1 0O 0 O

40 Alafia benthamii (Baill. ex Stapf)Stapf Apocynaeea Lmph GC o 0 0O o O O o o0 1 0
41 Albizia adianthifolia (Schum.)W.Wight Leg.-Mim. mPh GC 11 1 0 1 0 O 0 O 0
42  Albizia chevalieri Harms Leg.-Mim. mPh S 0o 0o 0 o O o o0 o0 o 1
43  Albizia ferruginea (Guill. & Perr.)Benth. Leg.-Mim mPh GC 11 1 1 1 1 0 0 O 0
44 Albizia glaberrima (Schum. & Thonn.)Benth. Leg.AMi mph GC 11 1 1 1 1 1 O O 0
45 Albizia lebbeck (L.)Benth. Leg.-Mim. mPh Pt 1 1 1 0 0O 1 o0 0 1 0
46  Albizia malacophylla (A.Rich.)Walp. Leg.-Mim. mph Sz o o 0 o O O 1 o0 o 0
47  Albizia zygia (DC.)J.F.Macbr. Leg.-Mim. mPh SG 11 1 1 1 11 1 1 0
48  Alchornea cordifolia (Schum.& Thonn.)Mull.Arg. Buprbiaceae mph GC 1 0O 1 1 o0 1 1

49  Aleurites moluccana (L.)Willd. var. moluccana Eogdiaceae mPh Pt 1 0 0 O 0 0

50 Allophyllus africanus P.Beauv. Sapindaceae mph Pt 11 a 1 1 1 1 1 0
51 Allophyllus spicatus (Poir.)Radlk. Sapindaceae mphzsS 0 0 1 0 1 1 1 1
52 Aloe buettneri Berger Liliaceae Ch Sz o o o o 1 1 1 1 1 0
53 Alstonia congensis Engl. Apocynaceae mPh GC o 1 0 1 0 O o0 o0 o

54  Alysicarpus rugosus (Willd.)DC. Leg.-Pap. Th SG 0O 0 0 0O » 0 1 o0 1
55 Amorphophallus aphyllus (Hook.)Hutch. Araceae Gt sz 0 0 0 O O 1 0 o0 O 0
56 Amorphophallus dracontioides (Engl.)N.E.Br. Arage Gt Sz o o 0 o o 1 1 o0 O 0
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57 Amorphophallus flavovirens N.E.Br. Araceae Gt GO o 1 1 a 1 o0 0 ©O 0
58 Ampelocissus leonensis (Hook.f.)Planch. Vitaceae hmp S o 1 1 0 1 1 1 1 1 1
59 Amphimas pterocarpoides Harms Leg.-Pap. Mph GC 0O 1 0 1 0 W o o 0
60 Anchomanes difformis (Blume)Engl. Araceae Gt GC o 1 1 1 1 1 1 1 0
61 Anchomanes welwitschii Rendle Araceae Gt 4 1 1 1 1 0

62 Ancistrocarpus densispinosus Oliv. Tiliaceae mph GE e 0 0 O O O o0 O 0
63 Ancylobotrys scandens (Schumach. & Thonn.)Pichon pocknaceae Lmph GC 1 1 1 0 0O 0O 0 o0 1 0
64  Andira inermis (Wright)DC. Leg.-Pap. mph SG o o o0 o 1 0o 1 o0 1 0
65 Andropogon chinensis (Nees)Merr. Poaceae Hc SG 0O 0 O O O 0 o0 1 1
66 Andropogon gayanus Kunth. var. gayanus Poaceae Hc s 0o o o o 1 1 1 1 1 1
67 Andropogon macrophyllus Stapf. Poaceae Hc GC 0O 0 0O O O 1 1 m o

68 Andropogon pseudapricus Stapf Poaceae Th SG 0O 0 0 O O o 0 1 1
69 Andropogon tectorum Schum. & Thonn. Poaceae Hc SG o o a 1 1 1 1 1 0
70 Aneilema beninense (P.Beauv.)Kunth Commelinaceae Hc GC 0O 0 O 0O O 1 1 0 0
71 Aneilema sp. Commelinaceae Hc . 0o 0 0o o 1 1 0 O0 O 0
72 Angylocalyx oligophyllus (Bak.)Bak.f. Leg.-Pap. nph GC o 1 1 1 0 0 0 o0 O 0
73 Annona senegalensis Pers. Annonaceae nph Sz o 0 1 o 1 1 1 1 1 1
74  Anogeissus leiocarpa (DC.)Guill. & Perr. Combretee mPh S o 1 1 0 1 1 1 1 1 1
75 Anthocleista djalonensis A.Chev. Loganiaceae mPh SG a 1 o0 1 0 o0 0 1 0
76  Anthocleista vogelii Planch. Loganiaceae mPh GC o 1 o 1 1 o 0 o0 1 0
77  Anthonotha crassifolia (Baill.)J.Léonard Leg.-Pap. mPh GC 0O 1 0 0O O O o o0 o 0
78 Anthonotha macrophylla Pal.Beauv. Leg.-Caes. mph GC D 0 1 0 O O o0 O 0
79 Anthostema aubryanum Baill. Euphorbiaceae mPh GC 0o 0o 0 1 0 0o O O O 0
80 Antiaris toxicaria Lesch. Moraceae MPh GC 11 1 1 1 1 1 1 1 0
81 Antidesma laciniatum Mull.Arg. Euphorbiaceae mph GC a o o o0 O o o0 o 0
82 Antidesma membranaceum Mull.Arg. Euphorbiaceae mphCG 0 1 1 0 1 1 O

83 Antidesma venosum Tul. Euphorbiaceae mph SG o o 1 1 1 1 1 1 1 0
84  Aphania senegalensis (Juss. ex Poir.)Radlk. Sapdrac mph SG o 1 1 0 1 1 0 0 O 0
85 Apodostigma pallens (Planch. ex Oliv.)Wilczek Hipmteaceae Lmph SG 0O 0 0 0O O o o0 o0 1 0
86 Argocoffeopsis rupestris (Hiern)Robbr. Rubiaceae hnp GC o 1 0 0 1 0O 0 0 o 0
87 Aristida kerstingii Pilg. Poaceae Th Sz o 0 0 0O O o o0 o0 1 1
88 Aristolochia albida Duchartre Aristolochiaceae Lmph SG o 1 1 0 1 1 1 o0 O 1
89 Artabotrys dahomensis Engl. & Diels. Annonaceae hLnp GE 1 1 1 0 0O O o 0 O 0
90 Artabotrys velutinus Sc.Elliot Annonaceae Lnph  GC 11 1 0 1 0 O O O 0
91 Asparagus africanus Lam. Liliaceae nph Sz o 0o o0 o 1 1 1 1 1 1
92 Asparagus flagellaris (Kunth.)Bak. Liliaceae Lnph sz 0 0 O O O O 1 1 1

93 Asparagus warneckei (Engl.)Hutch. Araceae Lnph GO o 1. @ 0 0O O o0 o 0
94  Aspilia africana (Pers.) Asteraceae Th SG o 0 1 0 1 1 1 1 1 0
95 Aspilia bussei (Schum. & Thonn.)Oliv. & Hiern Asteeae Th SG o o o o 1 1 1 1 O 1
96 Aspilia paludosa Berhaut Asteraceae Th Sz o o 0O O O O 1 o0 o 0
97 Aspilia rudis Oliv. & Hiern Asteraceae Ch Sz o 0 o o 1 1 1 1 1 1
98 Asystasia gangetica (L.)T.Anders Acanthaceae Th Pt o D o 1 1 0o 0 O 0
99  Aubrevillea kerstingii (Harms)Pellegr. Leg.-Mim. MP GC o o 0O o0 1 0O 0 0 o 0
100 Avicennia germinans (L.)L. Avicenniaceae mPh GC 1 0 0 O O O o o0 o 0
101 Baissea zygodioides (K.Schum.)Stapf Apocynaceae phLm GC 11 1 1 0 0O O 0 O 0
102 Balanites aegyptiaca (L.)Del. Balanitaceae mph Sz o o 0o o o O o 1 1 1
103 Bambekea racemosa Cogn. Cucurbitaceae Lmph GC 0o 1 0 0O O o O o0 O 0
104 Bambusa vulgaris Schrad.ex J.C.Wendl. Poaceae Gr sGo 1 1 0 O O O o0 O 0
105 Baphia nitida Lodd. Leg.-Pap. mph GC 11 1 0 0O 0 o0 0 O 0
106 Barleria opaca (Vahl)Ness Acanthaceae nph GC 0 1 0 0O O O O O o 0
107 Barteria nigritiana Hook.f. Passifloraceae mph GE 1 0 0 O O O o o0 O 0
108 Beilschmiedia mannii (Meisn.)Benth. & Hook.f. taceae mph GC o 1 0o 0O O o 0O o0 O 0
109 Belonophora hypoglauca (Welw. ex Hiern)A.Chev. bigceae mph GC 0O 0 0O 1 0o o0 o0 1 0
110 Berlinia grandiflora (Vahl)Hutch. & Dalziel Le@aes. mPh SG 1 0 1 1 1 1 1 1 0
111 Bewsia biflora (Hack.)Gooss. Poaceae Hc Sz 0O 0 0 O O o O o0 a
112 Bidens pilosa L. Asteraceae Th SG 0O 0 1 0 o 0 0 0
113 Biophytum umbraculum Welw. Syn. B. petersianuotéch Oxalidaceae Th PAL o 0 0 O 1 1 1 o0 O

114 Blepharis linariifolia Pers. Acanthaceae Th Sz o 0 o o O o o0 o 1 1
115 Blepharis maderaspatensis (L.)Heyne Acanthaceae ChSG o o 0O o O O O o0 1 1
116 Blighia sapida Koenig Sapindaceae mPh Pt 11 1 1 1 0 1 1 O 0
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117 Blighia unijugata Bakker Sapindaceae mph GC 11 1 1 1 0 0 0 1 0
118 Blumea pterodonta DC. Asteraceae Th PAL o o 1 o O O 1 1 o0 1
119 Blutaparon vermiculare (L.)Mears Amaranthaceae Ch ALP 1 0 O O O O O O O

120 Bombax buonopozense P.Beauv. Bombacaceae MPh GC 0 1 0000 O O O 1
121 Bombax costatum Pellegr. & Vuill. Bombacaceae mph s 0 0 o o 1 1 1 1 1 1
122 Borassus aethiopum Mart. Arecaceae mPh Sz o o o0 o 1 1 1 1 1 1
123 Brachiaria brizantha (A.Rich.)Stapf Poaceae Hc SG 0o 0 O o 1 o 0
124 Brachiaria deflexa (Schumach.)Robyns Poaceae Th M 0O ® o 1 0 0 O 0
125 Brachiaria jubata (Figari & De Notaris)Stapf. Beae Hc Sz o 0o 0 0O O 1 1 1 O 0
126 Brachiaria ruziziensis R.Germ. & Evrard Poaceae Hc GC o 0 o0 O O 1 0 o0 O 0
127 Brachiaria serrata (Thunb.)Stapf. Syn. B. brigiha Stapf. Poaceae Hc Sz o o 0O o O O 1 o0 o 0
128 Brachiaria villosa (Lam.)A.Camus Syn. B. distichopaylrin.)Stapf. Poaceae Th Sz o 0 o0 o o 1 1 0 O 0
129 Brachystelma togoense Schlechter Asclepiadaceae GtSz o 0 0 0O O 1 0 o0 O 0
130 Bridelia atroviridis Mull.Arg. Euphorbiaceae mph GC o 1 0 0 1 0 0 O

131 Bridelia ferruginea Benth. Euphorbiaceae mph SG o 0 1 o0 1

132 Bridelia grandis Pierre ex Hutch. Euphorbiaceae hmP GC 0O 1 0 0O O o O o0 o 0
133 Bridelia micrantha (Hochst.)Baill. Euphorbiaceae  Pm  SG o 1 1 0 0 o 0 1 O 0
134 Bridelia scleroneura Mill.Arg Euphorbiaceae mph S @ o0 0 O O 1 1 1 1
135 Broenadia salicina (Vahl)Hepper & Wood Rubiaceae Phm Sz o 0 0 0O O o O o0 1 0
136 Burkea africana Hook. Leg.-Caes. mph Sz o o o0 o 1 1 1 1 1 1
137 Cadaba farinosa Forsk. Capparaceae Lmph  PAL 0O 0 O O 0 O

138 Calliandra portoricensis (Jacq.)Benth. Leg.-Mim. mph Pt 0 0

139 Callichilia barteri (Hook.f.)Stapf Apocynaceae nph GC o 1 o0 1 1 0 0 O

140 Caloncoba echinata (Oliv.)Gilg Flacourtiaceae mph OG 0 0O 1 0 O O O 0 O 0
141 Calotropis procera (Aiton)W.T.Aiton Asclepiadagea mph SG 0O 0 0 0O O o o o0 o 1
142 Calycobolus africanus (G.Don)Heine Convolvulaceae Lnph ~ GC 11 1 0 0O O O 0 O 0
143 Calyptrochilum emarginatum (Sw.)Schiltr. Orchidexe Ep GC o o0 1 0o 1 0 1 1 1 0
144 Campylospermum flavum (Schumach. & Thonn. epfftarron Ochnaceae nph GC o 1 1 1 0 0 0 0 O 0
145 Campylospermum glaberrimum (P.Beauv.)Farron (@14:2:1::1 nph GC o 0 1 1 0 0O 0 o0 O 0
146 Campylostemon warneckeanum Loes. ex Fritsch Catase Lmph GC o 1 1 0 1 O O 0 O 0
147 Canarium schweinfurthii Engl. Burseraceae mPh GC 0O 1 0 0 O O 0 O 0
148 Canavalia ensiformis (Linn.)DC. Leg.-Pap. Lnph Sz 0O @ o o o0 o0 o

149 Caperomia serrata (Turcz.)C.Presl Syn. C. séawegis MUll.Arg.  Euphorbiaceae Th SG o o o0 o O O O o0 o 1
150 Capparis erythrocarpos Isert Capparaceae nph GC 11 1 o0 1 1 1 0 O 0
151 Capparis brassii DC. Syn. C. thonningii Schum. praaaceae Lnph  GC 11 1 0 1 O O 0 o 0
152 Capparis sepiaria L. var. fischeri (Pax)De Wolf apParaceae Lnph Sz o o o0 o 1 0o o0 1 1 1
153 Capparis viminea Hook.f. & Thoms. ex Oliv. Cappaae Lmph GE 0o 1 0 O O O O 0O o 0
154 Carapa procera DC. Meliaceae mPh GC 0O 0 1 1 0 0 O 0 0
155 Cardiospermum halicacabum L. Sapindaceae Lmph Pt o 1 0 1 0 1 o0 O 0
156 Carissa edulis (Forssk.)Vahl Apocynaceae nph PAL o o 1 0o 0O 1 0 0 o 0
157 Carpolobia lutea G.Don Polygalaceae mph GC 11 1 1 0 0O O 0 O 0
158 Casearia calodendron Gilg Flacourtiaceae mph GO 1 1 0 O 0O 0o o o0 o 0
159 Cassia sieberiana DC. Leg.-Caes. mPh S o 1 1 0 1 0 1 1 1 1
160 Cassia sp Leg.-Caes. nph . 0O 0 0 O O O O 1 O 0
161 Cassipourea barteri (Hook.f.)N.E.Br. Rhizophoagce ~ mPh GC 1 0 0 O O O o o0 O 0
162 Cassipourea congoensis DC. Rhizophoraceae mph SG o 1 1 1 1 1 0 0 O 0
163 Ceiba pentandra (L.)Gaertn. Bombacaceae MPh Pt 1 1 1 1 1 o0 1 0
164 Celosia isertii Towns. Amaranthaceae Lnph  GC 0 O 0 O 0 O

165 Celosia laxa Schum. & Thonn. Amaranthaceae LTh PAL e 0 0O O O O o0 o 0
166 Celosia trigyna L. Amaranthaceae Th PAL 1 1 1 0 0 O 0 O 0
167 Celtis mildbraedii Engl. Celtidaceae mPh GC 0o 1 0O 0 0O O o0 O 0
168 Celtis prantlii Priemer ex Engl. Syn. C. browRéndle Celtidaceae mph GC 11 1 1 1 1 0 0 O 0
169 Celtis toka (Forssk.)Hepper & Wood Syn. C. irfetip Lam. Celtidaceae mPh Sz o o o0 o0 1 0o o0 1 1 1
170 Celtis zenkeri Engl. Celtidaceae MPh GC o 1 1 1 1 1 0 0 O 0
171 Centaurea praecocox Oliv. & Hiern Asteraceae Hc Sz 0o 0 0 0O O o o0 1 0
172 Centrosema pubescens Benth. Leg.-Pap. Lmph GC 1 1 1 0 010 0 O 0
173 Ceratotheca sesamoides Endl. Pedaliaceae Ch Sz 0O 0 0O O0OOO 1 1 1
174 Cercestis mirabilis (N.E.Br.)Bogner Araceae mPhEE G O 1 1 1 0 O 0 0 O 0
175 Ceropegia fusiformis N.E.Br. Asclepiadaceae Gt GO 0o 1 0 O O O O 0 O 0
176 Ceropegia racemosa N.E.Br. Asclepiadaceae Gt SG o 0 0 0O O o 1 o0 O
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177 Ceropegia yorubana Schlechter Asclepiadaceae Gt GO 1 o0 0 0O O O o0 © 0
178 Chaetacme aristata Planch. Celtidaceae mph GC o 1 1 0 0 O 0O o0 o 0
179 Chamaecrista absus (L.)H.S.Irwin & Barneby Lege€ Ch PAL 0O 0 0O O O o o0 1 o0 1
180 Chamaecrista mimosoides Stapf Syn. Cassia midessh. Leg.-Mim. Ch PAL o o o o 1 1 1 1 1 1
181 Chasmanthera dependens Hochst. Menispermaceae Lrpe 0O 1 0 0 1 0O 0 O 0
182 Chassalia kolly (Schumach.)Hepper Rubiaceae nph GC n 1 1 1 1 0 1 1 0
183 Chionanthus mannii (Soler.)Stearn Syn. Linocieaanii Soler. Oleaceae mph GC 0 1 1 o 0O 0 0 O
184 Chionanthus niloticus (Oliv.)Stearn Syn. Linoaieilotica Oliv. Oleaceae mph SG o o o o 1 0o 1 1 1

185 Chlorophytum blepharophyllum Schweinf. Liliaceae cH sz 0O 0 0 0O O o 1 o0 O 0
186 Chlorophytum inornatum Ker-Gawl. Liliaceae Gt GO 0O 1 0 0 0O o o0 o 0
187 Chlorophytum macrophyllum (A.Rich.)Aschers. Idkme Gt SG o o 1 o o 1 1 1 o0 0
188 Chlorophytum togoense Engl. Liliaceae Gt SG o 0 o0 O 1 0 1 o0 o
189 Christiana africana DC. Tiliaceae mPh Pt o 0 1 0 1 0o 0 o0 O 0
190 Chromolaena odorata (L.)R.King & H.Robinson Asterae nph Pt 11 1 1 1 1 1 0 O 0
191 Chrysanthellum indicum DC. Subsp. afroamericaBumTurner Asteraceae Th Pt 0O 0 0 0O O o o0 1 o 0
192 Chrysobalanus icaco L. subsp. atacorensis (A.fFheVhite Chrysobalanaceae = mPh Sz 0O 0 0 0O O o o0 o0 1
193 Chrysobalanus icaco L. subsp. icaco Chrysobadaeac mph GC i1 0 0 O O O O 0 O 0
194 Chrysophyllum albidum G.Don Sapotaceae mPh GC 0O 1 1 0 1 ® 0 oO 0
195 Chytranthus macrobotrys (Gilg.)Exell & Mendonga apidaceae mph GC 0O 1 o O O O O o0 o 0
196 Cienfuegosia heteroclada Sprague Malvaceae Hc Sz 0O 0 0D 0O O O o0 o 1
197 Cissus aralioides (Welw. ex Baker)Planch. Vitaceae Lnph SG o 1 0 0O 1 0 1 1 1 0
198 Cissus corylifolia (Baker)Planch. ita¢eae Gr GC 0O 0 0o O O o 1 1 O 0
199 Cissus cymosa Schum. & Thonn. Vitaceae LmPh SZ 0O 0 1 o a o o0 1 0
200 Cissus doeringii Gilg & M.Brandt Vitaceae Hc GS o o 0O o O O 1 1 o 1
201 Cissus glaucophylla Hook. Vitaceae pitn GC 11 1 0 1 0 O O O 0
202 Cissus gracilis Guill. & Perr. Vitaee mph GO o 1 1 0 0 0o 0 o0 O 0
203 Cissus palmatifida (Baker)Planch. Vitaceae Lnph Sz 0 o 1 1 1 0 1 0
204 Cissus petiolata Hook.f. Vitaceae LnphGC 0O 1 1 O 0 0 O 0
205 Cissus populnea Guill. & Perr. var. populnea Vitaceae LHc S o o0 1 o 1 1 1 1 1 1
206 Cissus quadrangularis L. Vitaceae hmpSzZ 1 1 1 0 0 1 1 o0 O 1
207 Cissus rufescens Guill. & Perr. vitae Gr Sz o o0 1 o0 1 1 1 0 O 0
208 Clappertonia ficifolia (Willd.)DC. Tiliaceae nph GC 1 0 0 0O O o 0 o0 O 0
209 Clausena anisata (Willd.)Benth. Rutaceae mph SG 1 1 1 o 1 0 0 O 0
210 Cleistopholis patens (Benth.)Engl. & Diels Annceee mPh GC 1 1 1 1 0 0 0 O 0
211 Clematis hirsuta Guill. & Perr. var. hirsuta Raculaceae LHc Sz 0O 0 O 0O 0 1 0 O 0
212 Clerodendrum capitatum (Willd.)Schum. & Thonn. rnaceae Lmph GC 1 1 1 1 1 1 1 1 1
213 Clerodendrum inaequipetiolatum Good Verbenaceae  mphL GE o 1 0 0O O O O o0 o 0
214 Clerodendrum polycephalum Baker Verbenaceae mph GC W 0 0 0O O o0 1 o 0
215 Clerodendrum thyrsoideum Girke Verbenaceae Lmph GC ® 0 1 0 0 o 0 0
216 Clerodendrum volubile P.Beauv. var. volubile \@raceae Lmph GC i1 0 0 O O O O 0 O 0
217 Cnestis ferruginea Vahl ex DC. Connaraceae nph GC 1 11 1 1 0 0 O 0
218 Cnestis longiflora Schellenb. Connaraceae Lmph GC 1 1 1 1 0 0 O 0
219 Coccinia grandis ( L.)Voigt Cucurbiutaceae Lmph GC 1 1 0O 1 O 0o o0 0
220 Cochlospermum planchoni Hook.f. Cochlospermaceggh n SG o 0 0 O O 1 1 1 1 1
221 Cochlospermum tinctorium Perr. ex A.Rich. Coohsnaceae nph S 0 0O 0 1 0 oO 1 1
222 Coelocaryon preussii Warb. Myristicaceae mPh GC 0O 1 0 0 0O 0 O 0 0
223 Coffea ebracteolata (Hiern)Brenan Rubiaceae Lnpph GCO 1 1 0 1 0 O 0 O 0
224 Cola gigantea A.Chev. Sterculiaceae mPh GC 11 1 1 1 1 0O O O 0
225 Cola lateritia K.Schum. Sterculiaceae mph GC o o 0 1 0o 0O o0 o0 o 0
226 Cola laurifolia Mast. Sterculiaceae mPh SG 0o o 1 1 0 1 1 0 1 1
227 Cola millenii K.Schum. Sterculiaceae mph GC 11 1 1 1 1 0 O O 0
228 Cola nitida (Vent.)Schott. & Endl. Sterculiaceae phm GC o 1 1 0 0 o 0 o0 O 0
229 Coldenia procumbens L. Boraginaceae Th Sz o o 0O O o O o o0 o 1
230 Combretum acutum Laws Combretaceae Lmph S 0O 0 0 0O O o O o0 o 1
231 Combretum adenogonium Steud. ex A.Rich. Comteatac mph SG o 0 1 o o0 1 1 1 1 1
232 Combretum bipindense Engl. & Diels Combretaceae Phm GC o 0o 1 0o O 0O O o0 o 0
233 Combretum collinum Fresen Combretaceae mph SG o 0 1 o0 1 1 1 1 1 1
234 Combretum dolichopetalum Engl. & Diels Combretace Lmph GC o 1 1 1 0 0o 0 0 O 0
235 Combretum glutinosum Perr. ex DC. Combretaceae mpls o o 0o o o o o 1 1 1
236 Combretum hispidum Laws Combretaceae Lnph  GC 0o 1 0 0O O o O o0 O 0
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237 Combretum indicum (L.)Jongkind Syn. Quisqualiida L. Combretaceae LmPh Pt o o 1 1 0 1 0 0 O 1
238 Combretum lecardii Engl. & Diels Combretaceae LnptSG o o 1 0o O O 0 1 1 0
239 Combretum micranthum G.Don Combretaceae mph S 0O 0 0O O O0 00 1 1 1
240 Combretum molle R.Br. ex G.Don Combretaceae mph Sz o 1 o0 1 1 1 1 1 1
241 Combretum mucronatum Schum. & Thonn. Combretaceae Lnph GC o 1 1 0 1 0 1 o0 1 0
242 Combretum nigricans Lepr. ex Guill. & Perr. Coathceae mph S o 0 o o 1 1 1 1 1 1
243 Combretum paniculatum Vent. Combretaceae Lnph  SG o 1 11 1 1 1 1 0
244 Combretum platypterum (Welw.)Hutch. Combretaceae  mph.  GC o 1 0 0O O O O o0 o 0
245 Combretum racemosum P.Beauv. Combretaceae Lmph GC 0111 1 1 0 0 1 0
246 Combretum sericeum G.Don Combretaceae Hc Sz 0O 0 0o 0O O o o0 o0 1 0
247 Commelina benghalensis L. var. bengalensis Coimewcelae Hc GC o 0 o o 1 o 1 1 O 1
248 Commelina diffusa Burm.f. subsp. diffusa Comnzeleae Hc Pt o o 1 o0 1 1 1 1 1 0
249 Commelina nigritana Benth. Commelinaceae Hc Sz 0O 0 0 0O O o O 1 o 0
250 Commiphora pedunculata (Kotschy & Peyr.)Engl. sBuaiceae nph Sz o 0 o 0O O o o0 o 1 0
251 Connarus africanus Lam. Connaraceae mph GC o 1 0 1 0O 0O 0 0 O 0
252 Conocarpus erectus L. Combretaceae mph PAL 1 0 0 O O O O o0 o 0
253 Corchorus olitorus L. Tiliaceae Ch Pt 0o 0 0 O O o O o0 O 1
254 Cordia platythyrsa Baker Boraginaceae mph SG o 1 0 0O O O O o0 o 0
255 Cordia senegalensis Juss. Boraginaceae nph GC 0o 1 0 0O O O O O o 0
256 Cordyla pinnata (Lepr. ex A.Rich.)Milne-Redh. l-€nes. mPh S o 0 o 0O O o 1 1 O 0
257 Costus afer Ker-Gawl. Zingiberaceae Gr At o 1 1 0 1 0 1 1 O 1
258 Costus spectabilis (Fenzl)K.Schum. Zingiberaceae t G SZ o 0 o0 O 1 o 1 1 O 0
259 Crassocephalum rubens (Juss. ex Jacq)S.Moore radeste Th Pt o 0 0 O 1 o O o0 O 0
260 Crateva adansonii DC. subsp. adansonii Capparacea mph PAL o o o o o 1 1 1 1 1
261 Cremaspora triflora (Thonn.)K.Schum. Rubiaceae nphAt 11 1 1 1 1 0 1

262 Crinum jagus (Thomps.)Dandy Amaryllidaceae Gb SG o 0o @ 0 1 0 0 O 0
263 Crinum nubicum Hann. Syn.C. humile A.Chev. Anatgteae Gb Sz o 0 o0 0O O 1 1 o0 O 0
264 Crossopteryx febrifuga (G. Don)Benth. Rubiaceae hmp Sz 0O 0 O 1 1
265 Crotalaria cleomifolia Welw. ex Baker Leg.-Pap. Ch sz 0o 0 O 0 O 0 1
266 Crotalaria gorensis Guill. & Perr. Leg.-Pap. Ch SG ® 0 0O O O o o0 o 1
267 Crotalaria macrocalyx Benth. Leg.-Pap. Ch Sz o o o0 o0 1 0 0 o0 1 1
268 Crotalaria microcarpa Hochst. ex Benth. Leg.-Pap. Ch Sz 0O 0 0O O 1 0o 0 o0 O 0
269 Crotalaria pallida Aiton Leg.-Pap. Ch Pt 1 0 0 O O O 1 o0 O 0
270 Croton nigritanus Scott-Elliot Euphorbiaceae nph GC o o 0 1 0o O O o0 o 0
271 Crudia senegalensis Planch. ex Benth. Leg.-Caes. Ph m GC o 1 0 1 0 0o 0 0 O 0
272 Cryptolepis sanguinolenta (Lind.)Schltr. Asclejpiecae Lmph SG 0O 0 0 0O O o o0 o0 1 0
273 Ctenium elegans Kunth Poaceae Th S o o 0O o O O O0O 1 o 1
274 Ctenium newtonii Hack. Poaceae Hc SG 0O 0 0 O O O O o0 O 1
275 Culcasia barombensis N.E.Br. Syn. C. angoléNsisv. ex Schott  Araceae Lmph GO o 1 0 0O O o O o0 O 0
276 Culcasia saxatilis A.Chev. Araceae LmPh GC o0 1 1 1 0 0 0 0 O 0
277 Culcasia scandens P.Beauv. Araceae Lmph GC 1 1 1 1 0 1 0 O 0
278 Curculigo pilosa (Schum. & Thonn.)Engl. Hypoxidae Gr PAL o 0 1 o0 1 1 1 1 O 0
279 Cussonia arborea Hochst. ex A.Rich. Araliaceae mpls o 0 o o 1 1 1 1 1 1
280 Cuviera acutiflora DC. Rubiaceae mph GC o 1 0 0O O O O o0 o 0
281 Cuviera macroura K.Schum. Rubiaceae mph GC 0O 1 0 1 0 0O o0 O 0
282 Cyanotis angusta C.B.Clarke Commelinaceae Gb Sz o 0 O 0 O

283 Cyanotis caespitosa Kotschy & Peyr. CommelinaceaeHc Sz o o 0O o0 1 0O 0 o0 o 0
284 Cyanotis lanata Benth. Commelinaceae Ch SG o 0 1 0 0 1 0 O

285 Cyanotis longifolia Benth. Commelinaceae Hc SG o 0 o O O o 1 1 O 0
286 Cyathula prostrata (L.)Blume Amaranthaceae Th Pt o o0 1 o 1 0 1 o0 o 0
287 Cyclosorus dentatus (Forssk.)Ching. Thelyptegdac  Ch Pt o 0 0 0O O o o0 o0 1 0
288 Cyclosorus striatus Cop. Thelypteridaceae Ch GC o 1 1 1 0 0 0 0 O 0
289 Cynometra megalophylla Harms Leg.-Caes. mPh GC 0O 0 1 1 1 0 0 O 0
290 Cynometra vogelii Hook. Leg.-Caes. mPh GC 0O 0 0 1 0 O O o0 O 0
291 Cyperus laxus Lam. Cyperaceae Hc GC o o0 1 0o 0O O O o0 o 0
292 Cyperus rotundus L. Cyperaceae Gt Pt o 0o 1 0o 0o O o o0 o 0
293 Cyperus sphacelatus Rottb. Cyperaceae Hc Pt o o 0 O o 1 1 o0 o 0
294 Cyperus tenuiculmis Boeck. Cyperaceae HC SG 0O 0 0 0O O o 1 o0 O 0
295 Cyphostemma flavicans (Baker)Descoings Vitaceae t G SG o o o0 o 1 1 1 1 1 1
296 Cyphostemma crotalarioides (Planch.)Desc. ed WiR.B.Drumm. Leg.-Pap. Hc Sz o o o o 1 0o 1 1 1 1
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297 Cyphostemma jatrophoides (Welw. ex Baker)Desc. tacene Hc Sz o o o o o 1 o0 1 1

298 Cyrtorchis ringens (Rchb.f.)Summerh. Orchidaceae p E GC o o o o 1 0 1 o0 1 0
299 Dalbergia ecastaphyllum (L.)Taub. Leg.-Pap. mph AN 1 O O O O O O 0 o 0
300 Dalbergia afzeliana G.Don Leg.-Pap. LmPh GC 0o 1 1 1 1 0 0 O

301 Dalbergia lactea Vatke Leg.-Pap. Lmph GE 1 1 1 1 1 0 1

302 Dalbergia saxatilis Hook.f. var. saxatilis L&Rp. Lnph  GC o 0 0 1 0 o 0 o0 1

303 Dalbergia setifera Hutch. & Dalziel Leg.-Pap. mph OG 1 0 0 O O O o o0 o 0
304 Dalbergiella welwitschii (Baker)Baker f. Leg.fPa Lmph GC o o o 1 1 1 1 1 O 0
305 Daniellia oblonga Oliv. Leg.-Caes. MPh GE 0O 1 0 0 O 0O 0 O
306 Daniellia oliveri (Rolfe)Hutch. & Dalziel Leg.-@a. mPh Sz o o0 1 o0 1 1 1 1 1

307 Deinbollia pinnata (Poir.)Schumach. & Thonn. Bdpceae nph GC 1 1 1 0 1 1 0 0 O
308 Dennettia tripetala Baker f. Annonaceae mph GC 0O 0 1 0 O 0O 0 O
309 Desmodium adscendens (Sw.)DC. Leg.-Pap. Ch GC 1 0 0 1 0 00 0 1 0
310 Desmodium gangeticum (L.)DC. Leg.-Pap. nph PAL o 0 1 o0 1 1 1 1 1
311 Desmodium ramosissimum G.Don Leg.-Pap. Th PAL o 0 0 0O 1 » 0 O 0
312 Desmodium salicifolium (Poir.)DC. var. salicifoh Leg.-Pap. nph SG o o 1 o 1 1 1 1 1
313 Desmodium velutinum (Willd.)DC. Leg.-Pap. Ch PAL o 0 10 1 1 1 1 1
314 Detarium microcarpum Harms Leg.-Caes. mph S o 0 o o0 1 1 1 1m 1
315 Detarium senegalense J.F.Gmel. Leg.-Caes. mPh SG 0O 1011 0 O 0 0
316 Dialium guineense Willd. Leg.-Caes. mPh GC 11 1 1 1 1 1 0 1
317 Dichapetalum crassifolium Chodat var. crassifoli Dichapetalaceae Lmph GC 1 1 0 0O 0o o o o0 o
318 Dichapetalum madagascariense Poir Dichapetalaceaemph  GC 11 1 1 1 1 0O O O 0
319 Dichapetalum oblongum (Hook.f. ex Benth.)Engl Haipgetalaceae nph GC o 0 1 1 0 1 0 o0 O
320 Dichapetalum pallidum (Oliv.)Engl. Dichapetalaeea mph GC 0O 1 0 0O 0O 0 O

321 Dichapetalum toxicarium (G.Don) Dichapetalaceae hmp GO 0O 0 0 1 0 O

322 Dichrostachys cinerea (L.)Wight & Arn Leg.-Mim. mp SG o 0 o 0 1

323 Dicoma sessiliflora Harv. Asteraceae Hc Sz 0o 0o 0 0o o 1 0 0 O
324 Dicoma tomentosa Cass. Asteraceae Th Pt o 0 0 0O O o 1 1 O
325 Dictyandra arborescens Hook.f. Rubiaceae mph GE 1 1 1 ® 0 0 0 O 0
326 Dictyandra involucrata (Hook.f.)Hiern Rubiaceae phn GC o 1 1 0 0 O O o0 o 0
327 Digitaria diagonalis (Nees)Stapf Poaceae Hc SG 0O 0 0 0O ® 0 1 O 0
328 Dioclea reflexa Hook.f. Leg.-Pap. Lmph Pt 11 1 1 0 O O 0 O
329 Dioscorea abyssinica Hochst. ex Kunth Dioscomcea Gt SG 0 0O 1 O

330 Dioscorea bulbifera L. var. bulbifera Dioscoraczea Gt Pt 1 0 1 0 1 1 1 1 1 1
331 Dioscorea dumetorum (Kunth)Pax Dioscoraceae Gt Sz o a o 1 1 1 1 1 1
332 Dioscorea hirtiflora Benth. subsp. hirtiflora Bimraceae Gt Sz o 1 1 0 1 1 0 0 O
333 Dioscorea odoratissima Pax Dioscoraceae Gt SG 1 1 1 0 1 1 0 O

334 Dioscorea preussii Pax Dioscoraceae Gt GC 0o 1 1 0 0 0O 0 o0 O
335 Dioscorea quartiniana A.Rich. Dioscoraceae Gt Sz o 1 @ 1 1 0 0 o 0
336 Dioscorea sansibarensis Pax Dioscoraceae Gt GC o 0 0 0O o o 1 o0 1
337 Dioscorea smilacifolia De Wild. Dioscoraceae Gt Gc 1. 1. 1 0 O O O O O 0
338 Dioscoreophyllum cumminsii (Stapf)Diels Menispao®@ae Lnph GC o 1 1 0 O O O 0 O
339 Diospyros abyssinica (Hiern)F.White Ebenaceae mPhC G 0 0 1 0 1 1 0 O 1 0
340 Diospyros mespiliformis Hochst. ex A.DC. Ebenacea mPh Sz o o 1 1 1 1 1 1 1 1
341 Diospyros monbuttensis Gurke Ebenaceae mph GC 0O 1 1 1 1 01 0 O 0
342 Diospyros soubreana F.White Ebenaceae nph GC 0O 1 1 0010 0 O 0
343 Diospyros tricolor (Schum. & Thonn.)Hiern Ebereee nph GC 1 0 0 O O O o0 O

344 Dissotis thollonii Cogn. ex Buett. Melastomatacea Ch GC 0O 0 0o O O o o0 o0 1 0
345 Distemonanthus benthamianus Baill. Leg.-Caes. mPhC G 0 1 0 O O O O O O 0
346 Dolichos stenophyllus Harms Leg.-Pap. Hc Sz 0O 0 0 O O 1 0 o0 O
347 Dombeya ledermannii Engl. Sterculiaceae mph Sz 0O 0 0O O 1 o 0 o0 O
348 Dombeya quinqueseta (Del.)Exell Sterculiaceae mpht A 0O O O O O O 0 1 1 1
349 Dovyalis afzelii Gilg Flacourtiaceae mph GO o 0 1 0o o O o o0 o
350 Dracaena arborea (Willd.)Link Dracaenaceae mph GC 1 1 1 1 1 0 1

351 Dracaena fragrans (L.)Ker Gawl. Dracaenaceae mph Gco 1 0 0 O O o0 o0 O 0
352 Dracaena mannii Bakker Dracaenaceae nph GC o 1 0 0O O O O o0 o
353 Dracaena surculosa Lindl. var. surculosa Dracssea nph GC o 1 1 1 1 0 0 0 O
354 Dregea crinita (Oliv.)Bullock Asclepiadaceae Lmph GC o 1 0 0O O O O o0 o
355 Drypetes aframensis Hutch. Euphorbiaceae mph GO o o 1 0 0O O O o0 o
356 Drypetes floribunda (Mull.Arg.)Hutch. Euphorbiaee mph GC 11 1 0 1 1 0O O O 0
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357 Drypetes gilgiana (Pax)Pax & Hoffm. Euphorbiaceae nph GC o 0o 1 0o O O O o0 o 0
358 Drypetes principum (Mull.Arg.)Hutch. Euphorbiaeea  mph GC o 1 0 0 O O O o0 O 0
359 Dyschoriste perrottetii (Nees)O.Kuntze Acanthacea nph SG o 0 1 0 0O o 0 0 1 0
360 Dyschoriste perrottetii (Nees)O.Kuntze Acanthacea nph SG o o 0O o O O 1 0 o 0
361 Echinops longifolius A.Rich. Asteraceae nph Sz o o 0O o O O O o0 1 0
362 Ectadiopsis oblongifolia (Meisn.)Schltr. Asclejaaeae nph SG o 0 o o 1 o 1 1 1 0
363 Ehretia cymosa Thonn. Boraginacee mph GC o o 1 o 1 1 1 0 O 0
364 Ekebergia capensis Sparrm. Syn. E. senegaledsiss. Meliaceae mPh Sz o o 1 o 1 1 1 1 1 0
365 Elaeis guineensis Jacq. Arecaceae mPh GC 11 1 1 1 1 1 1 1 0
366 Elaephorbia drupifera (Thonn.)Stapf Euphorbiaceae mPh GO o o 0 1 0o O o0 o0 o 0
367 Elephantopus mollis Kunth Asteraceae Th PAL o 0o 0O o O O o0 1 1 0
368 Elephantopus senegalensis (Klatt)Oliv. & Hiern. stekaceae Th SG o 0 0 0O O o 1 1 O 0
369 Elytraria marginata Vahl Acanthaceae Hc GC 0O 0 0 O O 1 0 o0 O 0
370 Embelia guineensis Baker Myrsinaceae Lmph GC o o0 1 0 1 0 0O o0 O 0
371 Encephalartos barteri Carruth. Cycadaceae Ch S 0O 0 0O 0 01 O

372 Englerastrum gracillimum Th.C.E.Fries Lamiaceae Th Sz o 0 0 0O O o 0 1 o0 0
373 Englerastrum schweinfurthii Briq. Lamiaceae Th Sz ® o0 1 o 0 o0 O 0
374 Englerophytum oblanceolatum (S.Moore)T.D.Penn. poBaeae nph SG o 0 1 0 1 0o 0 0 O 0
375 Entada abyssinica Steud. ex A.Rich. Leg.-Mim. mphzsS 0 O O O O O O 0 1

376 Entada africana Guill. & Perr. Leg.-Mim. mph Sz 0O 0 0 o1 1

377 Entada gigas (L.)Fauwc. & Rendle Leg.-Mim. LmPh GC a o o o o0 o

378 Eragrostis tremula Steud. Poaceae Th PAL 0O 0 0 0O O o 0O o0 o 1
379 Eremospatha macrocarpa (Mann & Wendl.)Wendl. #geae LmPh GC o 0 o 1 0 o 0 o0 O 0
380 Eriocoelum kerstingii Gilg. ex Engl. var. kensfii Sapindaceae mPh Sz o o o0 0O o O o o0 1 0
381 Eriosema glomeratum (Guill. & Perr.)Hook.f. L&@mp. Ch SG 0 o o0 1 1 1 1 0
382 Eriosema griseum Baker Leg.-Pap. Hc Sz 0 0O 0 1 1 0 O 0
383 Eriosema molle Hutch. ex Milne-Redh. Leg.-Pap. ch oG 0 0O O O O 1 o0 o0 O 0
384 Eriosema pelligrinii Tisser Leg.-Pap. Hc Sz 0O 0 0 O O O O 1 o0 0
385 Eriosema psoraloides (Lam.)G.Don Leg.-Pap. Ch Sz 0O 0 @ 0 0 1 0 O 0
386 Erythrina senegalensis A.DC. Leg.-Pap. mph SG 0 o 0 1 1 0 1 1
387 Erythrina vogelii Hook.f. Leg.-Pap. mPh GC o 1 0 0O O o O o0 O 0
388 Erythrococca africana (Bail.)Prain Euphorbiaceae ph n GC 0o 1 1 0 0O 0 0 o0 O 0
389 Erythrococca anomala (Juss. ex Poir.)Prain E bjgerae nph GC o o 1 1 0 1 0 0 O 0
390 Erythrophleum africanum (Benth.)Harms Leg.-Caes. phn Sz 0O 0 0 O O o o0 1 1 0
391 Erythrophleum suaveolens (Guill. & Pierr.)Brenan Leg.-Caes. mPh SG o 0 0 0O 1 1 0 0 O 0
392 Erythroxylum emarginatum Thonn. Erytroxylaceae mphSG o o 1 1 1 1 0 0 O 0
393 Euclinia longiflora Salisb. Rubiaceae Lmph GC o 1 0 0O O O O 0 o 0
394 Eugenia nigerina A.Chev. ex Hutch. & Dalziel Myreae mph GC 0O 0 0 0O O 1 0 o0 O 0
395 Eugenia salacioides M.A.Lawson ex Hutch. & D&lzi Myrtaceae mph GO o 1 0 1 0 O O 0 o0 0
396 Eulophia cristata (Sw.)Steud. Orchiadaceae Gt SG o o o0 o o o 1 1 1 0
397 Eulophia milnei Rchb.f. var. milnei Orchiadaceae t G GE o 0 0 0O O o o0 o0 1 0
398 Euphorbia convolvuloides Hochst. ex Benth. Eupiageae Th S o o o o o 1 o0 1 1 0
399 Euphorbia poissonii Pax Euphorbiaceae nph S o o 0o o0 1 1 0 o0 1 0
400 Euphorbia polycnemoides Hochst ex Boiss. Euphoeaie Th Sz 0O 0 0 O O 1 0 o0 O 0
401 Evolvulus alsinoides L. Convolvulaceae Ch Pt 0O 0 0O O O O o0 1 o0 0
402 Excoecaria grahamii Stapf. Syn. Sapium grah¢@taipf)Prain Euphorbiaceae Hc Sz o o0 o0 o 1 0 1 o0 1 1
403 Fadogia agrestis Schweinf. ex Hiern Rubiaceae Ch S ®m O 1 1 1 1 1
404 Fadogia cienkowskii Schweinf. Rubiaceae Ch Sz

405 Fadogia erythrophloea (K.Schum. & K.Krause)Hu&lDalziel Rubiaceae mph Sz o 0 0O o 1 o o0 1 1 0
406 Feretia apodanthera Del. Rubiaceae nph S o 0 o o 1 1 1 1 1 1
407 Ficus abutifolia (Mig.)Mig. Moraceae mph Sz o 0 0 0O O 1 0 o0 1 0
408 Ficus artocarpoides Warb. Syn. F. elegans (Miq.) Moraceae Epmph GC 0o 1 0 O O O 1 0 O 0
409 Ficus capreaeifolia Del. Moraceae mph Sz o o0 1 0 1 0 1 o0 O 0
410 Ficus craterostoma Mildbr. & Burret Moraceae Epm@C 0o 1 o0 O O O O o0 O 0
411 Ficus exasperata Vahl Moraceae mPh GC 0o 1 0 o 1 o 1 0 O 0
412 Ficus glumosa Delile Moraceae mph S o o 0o o0 1 1 0 1 o 1
413 Ficus ingens (Mig.)Miq. Moraceae mPh Sz o o o0 o 1 1 1 1 1 1
414 Ficus lutea Vahl Syn. F. vogelii (Mig.)Miq. Moesae mph GC o 0 o 1 0 o 0 o0 O 0
415 Ficus lyrata Warb. Moraceae mphEp GC o 1 0 1 1 0 O o0 o 0
416 Ficus mucuso Ficalho Moraceae MPh GC 0 1 1 0 O O O O O 0
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417 Ficus natalensis Hoschst. subsp. leprieurii (\idgC.Berg Moraceae mphEp GC o o o0 1 o O 0 1 o 0
418 Ficus ovata Vahl Moraceae mph GC 1 1 1 0 1 0 1 0 O 0
419 Ficus platyphylla Delile Moraceae MPh SG o 0 0o o0 1 1 1 1 1 1
420 Ficus polita Vahl subsp. polita Moraceae mph GC 1 1 0 @ 0 0 o0 O 0
421 Ficus recurvata De Wild. Syn. F. goliath A.Chev. Moraceae mphEp GC o 1 1 0 0 0O O o0 o 0
422 Ficus sagittifolia Mildbr. & Burret Moraceae mphEEBC o 1 0 1 0 O 0 o0 O 0
423 Ficus sur Forssk. Syn. Ficus capensis Thunb. ddaa mph SG o 1 1 1 1 1 1 1 1 0
424 Ficus sycomorus L. subsp. gnaphalocarpa (Migg)Be Moraceae mph Sz o o0 o0 o 1 1 o0 1 1 1
425 Ficus thonningii Blume Moraceae mph At o 0 1 0 1 0 O0 1 1 0
426 Ficus trichopoda Baker Syn. F. congensis Engl. raeae mph GC o 1 0 1 0 O 1 1 1 0
427 Ficus umbellata Vahl Moraceae mPh SG o 0 0O 0O O 1 0 O0 O 0
428 Ficus vallis-choudae Delile Moraceae mph Sz 0O 0 0 0O O o o0 o0 1 0
429 Ficus variifolia Warb. Moraceae mPh SG o 1 o O 1 1 1 o0 O 0
430 Ficus vogeliana (Mig.)Mig. Moraceae mPh GC o 1 0 1 0O 0O 0 0 o 0
431 Flabellaria paniculata Cav. Malpighiaceae Lmph GC 11 1 1 1 0 O 0 O 0
432 Flacourtia flavescens Willd. Flacourtiaceae mph GC o 1 1 o0 1 1 1 1 1 0
433 Flagellaria guineensis Schumacher Flagellariaceae Lnph GC i1 0 1 0 0O O O 0 O 0
434 Floscopa africana (P.Beauv.)C.B.Clarke Commediaac nph GC 0O 0 1 0 O 0O O o0 O 0
435 Flueggea virosa (Roxb. ex Willd.)Voigt subsposa Euphorbiaceae nph Pt o 1 1 0 1 1 1 1 1 1
436 Funtumia africana (Benth.)Stapf Apocynaceae mPh GC D 0 0 O O O o0 O 0
437 Funtumia elastica (Preuss)Stapf Apocynaceae mPh GC o001 0 0 O O 0 O 0
438 Gaertnera paniculata Benth. Rubiaceae mph GC 1 0 0 1 0 O O O0 O 0
439 Garcinia livingstonei T.Anders. Clusiaceae mPh Sz o 0 0O O O o0 0 1 1
440 Garcinia ovalifolia Oliv. Clusiaceae mph SG 0O 0

441 Garcinia smeathmannii (Planch. & Triana)Oliv. Sthceae mPh GC 0O 1 o0 0O O O O o0 O 0
442 Gardenia aqualla Stapf & Hutch. Rubiaceae mph Sz 0O ® 0o 1 1 1 1 1 1
443 Gardenia erubescens Stapf & Hutch. Rubiaceae nph S oo 0o o 1 1 1 1 1 1
444 Gardenia imperialis K.Schum. Rubiaceae mPh SG 0 O 0O o0 1 0
445 Gardenia nitida Hook. Rubiaceae mph GC o 1 1 1 0 1 0 0 O 0
446 Gardenia sokotensis Hutch. Rubiaceae mph Sz o o o0 0O o O o 1 1 1
447 Gardenia ternifolia Schum. & Thonn. Syn G. &istba DC. Rubiaceae nph Sz o 0 o0 o 1 1 1 1 1 1
448 Gardenia tricantha DC. Rubiaceae mph Sz 0O 0 0O 0O O 1 0 o0 O 0
449 Gladiolus dalenii Van Geel Syn. G. psittacinuskif. Iridaceae Gb Sz i1 0 0 O O 1 1 0 O 0
450 Gloriosa superba L. Syn. G. simplex L. Liliaceae GhL GC o 1 1 0 O 1 1 1 1 0
451 Glyphaea brevis (Spreng.)Monachino Tiliaceae mph Gc1 1 1 1 0 O 0 o0 O 0
452 Gnidia kraussina Meisn. Thymeliaceae Hc Sz o o 0o o0 1 0o o0 o0 o 0
453 Gongronema angolense (N.E.Br.)Bull. Asclepiadacea Lmph SG 1 1 1 0 0 0 0 0 O 0
454 Gongronema latifolium Benth. Asclepiadaceae Lmph SG 1 1 1 1 0 0O O 0 O 0
455 Gouania longipetala Hemsl. Rhamnaceae Lmph GC o o 1 0o O O O o0 o 0
456 Grewia barombiensis K.Schum. Tiliaceae mph GC 0O 0 0 1 0O @ o0 o 0
457 Grewia barteri Burret Tiliaceae mph Sz o 0 o o 1 o 1 1 1 1
458 Grewia bicolor Juss. Tiliaceae mph Sz 0 0O 0 O 0O o

459 Grewia carpinifolia Juss. Tiliaceae mph GC 1 1 1 o0 0O 0 0 O 0
460 Grewia cissoides Hutch. & Dalziel Tiliaceae nph S o @ o0 1 o0 1 1 1 1
461 Grewia flavescens Juss. Tiliaceae mph Sz 0O 0 0O O O O O o0 O 1
462 Grewia lasiodiscus K.Schum. Tiliaceae mph Sz o o 0 O o O o 1 1 1
463 Grewia malacocarpa Mast. Tiliaceae Lmph GC o 1 0 1 0 0O 0 0 O 0
464 Grewia venusta Fresen. Syn. G. mollis Auct. Gdie nph Sz o 0 1 0 1 1 1 1 1 0
465 Griffonia simplicifolia (Vahl)ex DC.)Baillon LegCaes. LmPh  SG o 0 1 0 O o 0 o0 O 0
466 Guiera senegalensis J.F.Gmel. Combretaceae nph Sz 0000 O O O 1 O 1
467 Gymnema sylvestre (Retz.)Schult. Asclepiadaceae  phLm Pt 0O 0 0 O O 1 0 o0 O 0
468 Haematostaphis barteri Hook.f. Anacardiaceae mph S ®® 0 0 0O O o o0 1 0
469 Hannoa klaineana Pierre & Engl. Simaroubaceae mPhC G 0 1 0 O O O O o0 O 0
470 Hannoa undulata (Guill. & Perr.)Planch. Simaroelae mph S o 0 0 0O O 1 1 1 1 1
471 Harissonia abyssinica Oliv. Simaroubaceae mph SG 11 1 0 O 1 0o 0 O 0
472 Harungana madagascariensis Lam. ex Poir. Clasace mph PAL 0O 0 0O 1 0 0 O

473 Haumaniastrum lilacinum (Oliv.)J.K.Morton Lamiaee Ch Sz 0O 0 0 0O O o 1 o0 O 0
474 Heliotropium indicum L. Boraginacee Th SG 0o 0o 1 0o 0 o 1 o0 O 0
475 Hexalobus crispiflorus A.Rich. Annonaceae mPh SG 0O 0 o 1 0 O o0 o 0
476 Hexalobus monopetalus (A.Rich.)Engl. & Diels Anaceae mph Sz o 0o o0 o 1 o 1 1 1 1
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477 Hibiscus asper Hook.f. Malvaceae nph SG 0O 0 O 0O 0 0 o0 1 1
478 Hibiscus lunariifolius Willd. Malvaceae Lmph  PAL o o 1 o O O O 0O o 0
479 Hibiscus owariensis P.Beauv. Malvaceae nph GC 0O 0 0O 0 o 0
480 Hibiscus panduriformis Burm.f. Malvaceae nph PAL 0O 0 o o0 1 0 1 O 1
481 Hibiscus rostellatus Guill. & Perr. Malvaceae LnphGC o 0o 0O 0O O O 1 o0 o 0
482 Hibiscus sterculiifolius (Guill. & Perr.)Steud. ditaceae nph SG 0O 0 0 O O 1 0 o0 O 0
483 Hildegardia barteri (Mast.)Kosterm. Sterculiaceae  mPh SG o 1 1 1 0 1 0 0 O 0
484 Hilleria latifolia (Lam.)H.Walt. Phytolaccaceae Ch PAL o 1 1 0 O O 0 0 O 0
485 Holarrhena floribunda (G.Don)Dur. & Schinz Apoagrae mph SG 11 1 1 1 1 1 1 O 1
486 Holoptelea grandis (Hutch.)Mildbr. Celtidaceae MPhGC o 1 1 1 1 0 O 0 o0 0
487 Homalium africanum (Hook.f.)Benth. Flacourtiaceae mPh GC o 0o 0 1 0o 0O o o0 o 0
488 Homalium le-testui Pellegr. Flacourtiaceae mPh GC 0o 1 0 0O O o O o0 O 0
489 Hoslundia opposita Vahl Lamiaceae nph M 11 1 0 1 1 1 1 1 1
490 Hugonia platysepala Welw. ex Oliv. Linaceae Lmph GC 0 1 1 1 O O O O oO 0
491 Hunteria umbellata (K.Schum.)Hall.f. Apocynaceae phm GC 0o 1 1 0 0 0O 0 0 O 0
492 Hybanthus enneaspermus (L.)F.Muell. Violaceae Cch LPAO O O O O O 1 o0 O 0
493 Hymenocardia acida Tul. var. acida Euphorbiaceae ph m SZ o o o o 1 1 1 1 1 1
494 Hymenodicton pachyantha K.Krause Rubiaceae mPh GC 0 10 0 0 0O O O O 0
495 Hymenostegia afzelii (Oliv.)Harms Leg.-Caes. mPh GC 0 0 1. 0 O O O o0 O 0
496 Hyparrhenia involucrata Stapf Poaceae Th S 0 0O 0 1 0o 0O 1 »©
497 Hyparrhenia smithiana (Hook.f.)Stapf var. m&ayton Poaceae Hc S 0O 0 O 1 1 1 0 O 0
498 Hypoestes triflora (Vahl)Soland. ex Roem. & Sohu Acanthaceae nph SG 1 0 0 0 O 1
499 Hypoestes triflora (Vahl)Soland. ex Roem. & Sohu Acanthaceae nph SG o o 0 o o O o o0 1 0
500 Hypselodelphis violacea (Ridley)Milne.Redh. Masaeae Gr GC o 1 1 1 1 0 0 0 O 0
501 Hyptis spicigera Lam. Lamiaceae Ch Pt 0 o 0 0O 0 o 1
502 Icacina oliviformis (Poiret)J.Raynal Syn. |. egalensis A.J. Icacinaceae nph SG o 0 o o 1 o 0 1

503 Icacina trichantha Oliv. Icacinaceae Lnph GE 0O 1 1 0 0 0 o 0 0
504 Impatiens irvingii Hook.f. Balsaminaceae Hyd GC 0 0O 0 O 0 0
505 Imperata cylindrica (L.)Raeuschel Poaceae Hc Pt 0O 0 0 D 1 1 0 O 0
506 Indigofera dendroides Jacq. Leg.-Pap. Th Sz o o o o 1 1 1 1 1 1
507 Indigofera garckeana Vatke Leg.-Pap. nph Sz o 0 0 0O O 1 1 0 1 0
508 Indigofera geminata Baker Leg.-Pap. nph S 0O 0 0 0O O o o0 1 1 1
509 Indigofera hirsuta Linn. Leg.-Pap. Ch PAL o o 0O o 1 0O 0O 0 o 1
510 Indigofera leprieuri Baker f. Leg.-Pap. nph Sz o 0o 0 o O 1 1 1 O 1
511 Indigofera leptoclada Harms Leg.-Pap. Hc S 0O 0 0o 0O O o o0 o0 1 1
512 Indigofera macrocalyx Guill. & Perr. Leg.-Pap. Ch ZsS o 0 o0 0O O o O o0 O 1
513 Indigofera macrophylla Schum. Leg.-Pap. Lnph GC 1 0 0 O 1 0 0 O 0
514 Indigofera polysphaera Baker Leg.-Pap. nph SG o 0 0 0O O 1 0 1 O 0
515 Ipomoea aquatica (L.)Ker Gawl Convolvulaceae LnphCG 1 0 O 1 0 O O 0 O 0
516 Ipomoea argentaurata Forssk. Convolvulaceae Gr S 0 1 0 1 1 1 1
517 Ipomoea beninensis Akoégninou & Lisowski Convizleeae LHc S o 0 0 0O O o 1 o0 1 0
518 Ipomoea chrysochaetia Hall.f. Convolvulaceae LhnphCG 0 O O O O O O O O 1
519 Ipomoea eriocarpa R.Br. Convolvulaceae Lnph Pt o o0 0 O O 1 o o0 o 1
520 Ipomoea heterotricha Didr. Convolvulaceae Th SG 0O 0 0 O O o o0 1 O 1
521 Ipomoea mauritiana Hall.f. Convolvulaceae Lmph Pt 11 1 1 0 1 1 1 O 1
522 Ipomoea nil (L.)Roth. Convolvulaceae Th GC o o 1 0o O O O o0 o 0
523 Ipomoea rubens Choisy Convolvulaceae LGr SG 0O 0 0 0O O o 0o o0 o 0
524 Ipomoea vagans Baker Convolvulaceae Lnph Sz 0O 0 0 0O O o 1 o0 O 0
525 Irvingia gabonensis (Aubry Lecomte ex O'Rorké)Ba Simaroubaceae MPh GC 1 0o 1 0 O O o 0 oO 0
526 Irvingia smithii Hook.f. Simaroubaceae mPh Sz o 0 0 0O O o 1 1 O 0
527 Isoberlinia doka Craib & Stapf Leg.-Caes. mPh S o 0 0o @ 1 1 1 1 1
528 Isoberlinia tomentosa (Harms)Craib & Stapf Lege€ mPh Sz o o o0 o o o 1 1 1 1
529 Isodictyophorus reticularus (A.Chev.)J.K.Morton antiaceae Ch GO o 0 0O O O O o o0 1 0
530 Ixora brachypoda DC. Rubiaceae mph SG 1 0 0 1 1 O O 1 1 0
531 Jasminum dichotomum Vahl Oleaceae Lmph GC o o o0 o 1 1 1 o0 1 0
532 Jasminum pauciflorum Benth. Oleaceae Lnph GC o o 1 0 1 0O 0 0 o 0
533 Justicia tenella (Nees)T.Anders. Acanthaceae nph sGo 0 O O O O o o0 1 0
534 Kaempheria aethiopica (Schweinf.)Solms-Laub. iBergqceae Gt SG o o0 1 o 1 1 1 1 1 1
535 Kalanchoe crenata (Andrews)Haw. Crassulaceae nph sGo 0 0O O O O O o0 o 1
536 Kanahia laniflora (Forsk.)R.Br. Asclepiadaceae nph SG 0o 0 1 0 O o 0O o0 O 0
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537 Keetia hispida (Benth.)Bridson Rubiaceae Lmph GC 1 1 @ 0 O o0 o0 1 0
538 Keetia mannii (Hiern)Bridson Rubiaceae nph GC o 0o 0 1 0o o0 1 o0 o
539 Keetia multiflora (Schumach. & Thonn.)Bridson Rueae Lmph GC 11 1 1 1 0 O 0 O

540 Keetia setosa (Hiern)Bridson Rubiaceae Lmph GC o o o0 o 1 0 1 0 o
541 Keetia venosa (Oliv.)Bridson Rubiaceae Lmph SG o o o0 o o 1 1 1 o
542 Khaya grandifoliola C.DC. Meliaceae MPh GC o 0 0 1 1 0o O 0 O

543 Khaya senegalensis (Desr.)A.Juss. Meliaceae mPh S 0000 1 1 1 1 1 1
544 Kigelia africana (Lam.)Benth. Bignoniaceae mph SG o 1 o 1 1 1 o0 1 1
545 Kinghamia nigritana (Benth.)C.Jeffrey Asteraceae phn Sz 0O 0 o0 O O o0 1 0
546 Kolobopetalum leonense Hutch. & Dalziel Menispecaae Lnph GC o 1 0 O O O O 0 o
547 Laccosperma secundiflorum (P.Beauv.)O.Kuntze doeae Lmph GC o o o0 1 0O 0O 0 0 O
548 Lactuca tuberosa A.Chev. Asteraceae Gt Sz 0o 0 0 0O O 1 1 o0 O
549 Lagenaria breviflora (Benth.)Roberty Cucurbitacea  Lmph  SG o 0 1 0 O 0o 0 o0 1

550 Laguncularia racemosa (L.)Gaertn.f. Combretaceae  Ph m PAL 1 0 0 O O O o o0 o 0
551 Landolphia calabarica (Stapf)E.A.Bruce Apocynacea LmPh GC 0O 1 1 0 0 0 O

552 Landolphia hirsuta (Hua)Pichon Apocynaceae LmPh GC D 1. 0 1 0 O 0 O 0
553 Landolphia incerta (K.Schum.)Persoon Apocynaceae Lmph GC o 1 0 0O O O O o0 o 0
554 Landolphia landolphioides (Hall.f.)A.Chev. Apoegeae LmPh GE o 0 0O O 1 o 0 o0 O
555 Landolphia owariensis P.Beauv. Apocynaceae LmPh GC a o o0 o 1 o o0 1 0
556 Landolphia togolana (Hallier f.)Pichon Apocynaeea Lmph GC 0o 1 12 0 O O O O O 0
557 Lannea acida A.Rich. Anacardiaceae mPh S o o 0 o 1 1 1 1 1
558 Lannea barteri (Oliv.)Engl. Syn. L. kerstingiidt & K.Krause Anacardiaceae mPh S 1 0 1 0 1 1 1 1 1
559 Lannea microcarpa Engl. & K.Krause Anacardiaceae  Phm SZ o o o0 o o o o0 1 1 1
560 Lannea nigritana (Sc.Elliot)Keay var. nigritana nadardiaceae mPh GC 1 1 1 0 1 0 1 0 O
561 Lannea welwitschii (Hiern)Engl. Anacardiaceae mph CG 0 1 0 O O O O 0 O 0
562 Lantana camara L. Verbenaceae Lmph SG o 0 1 0 0 1 1 o0 O
563 Lantana trifolia L. Verbenaceae Ch PAL o 0 0 0O O o 1 0 O
564 Lantana ukambensis (Vatke)Verdc. Syn. L. rheahesss Mold. Verbenaceae Ch Sz o 0o 0o o o0 1 1 1 1
565 Lasiodiscus mannii Hook.f. Rhamnaceae mph GC 0O 0 1 0 0 O

566 Lasiomorpha senegalensis Schott Araceae Gr GC 0O 0 O 1 0000 O 0
567 Lecaniodiscus cupanioides Planch. Sapindaceae mphCc G 1 1 1 0 1 1 1 0 O 0
568 Leea guineensis G.Don Leeaceae Lnph  SG o 1 1 1 1 1 0 0 O
569 Leersia hexandra Sw. Poaceae Hc Pt 0o 0o 0 o 1 o 0 0 1
570 Lepidagathis alopecuroides (Vahl)R.Br. ex Griseb Acanthaceae Ch Pt 0o 0 1 0 O 0o 0 0 o
571 Lepidagathis anobrya Nees Acanthaceae Hc Sz o 0 o o0 1 o 1 1 1
572 Lepidagathis collina (Endl.)Milne-Redh. Acantheee HC Sz o o 0o o O O o o0 o 1
573 Lepistemone owariense (P.Beauv.)Hall.f. Convealvebe Lnph SG o o 0 1 0o 0o o 1 o
574 Leptadenia hastata (Pers.)Decne. Asclepiadaceae chSz o 0 0o 0O O 1 1 1 1 0
575 Leptaulus daphnoides Benth. Icacinaceae mph GC 0o 1 0 0O O o O o0 O
576 Leptoderris brachyptera (Benth.)Dunn Leg.-Pap. hmpGC 1 1 1 1 1 0 0O o0 O 0
577 Leptoderris cyclocarpa Dunn Leg.-Pap. Lmph GO 1 0 0 O O O o o0 o
578 Leptonychia pubescens Keay Sterculiaceae mph GC o 1 1 1 0 0O 0O o0 o
579 Leucas martinicensis (Jacq.)R.Br. Lamiaceae Th Pt O @ 0 0 O O 0 1 0
580 Lippia multiflora Moldenke Verbenaceae nph SG o 0o o0 o 1 1 1 1 O
581 Loeseneriella africana Willd. var. africana Hipmdeaceae Lmph Pt 11 1 0 1 1 1 1 1
582 Lomariopsis guineensis (Undersw.)Alston. Lomaidaceae  Lnph GC o o o0 1 0O 0O 0O 0 o
583 Lonchocarpus cyanescens (Schum. & Thonn.)Benth. eg.-Rap. Lmph SG 11 1 1 1 1 1 1 O
584 Lonchocarpus laxiflorus Guill. & Perr. Leg.-Pap. mph S o 0 0 0O O o o0 1 1 1
585 Lonchocarpus sericeus (Poir.)Kunth Leg.-Pap. mph séG 0 1 1 1 1 1 1 0 1 0
586 Lophira lanceolata Van Tiegh. ex Keay Ochnaceae h mpS o 0 0O o0 1 1 0o 1 0
587 Loudetia simplex (Nees)C.E.Hubb. Poaceae Hc SG 0O 0 0 O 1® 0O 1 o 1
588 Ludwidjia abyssinica A.Rich. Onagraceae nph GC o 1 0 0O O O O o0 o
589 Luffa cylindrica (L.)M.J.Roem Syn. L. aegyptiaddl. Cucurbitaceae Lnph Pt o o0 1 0 1 0 0O o0 O
590 Lygodium microphyllum (Cav.)R.Br. Schizaeaceae hmp Pt o 0 0 1 0 0o O O0 O 0
591 Macaranga barteri Mll.Arg. Euphorbiaceae mph GC 11 0 0 O O o 0 O
592 Macaranga heudelotii Baill. Euphorbiaceae mph GC o o 1 1 0 O 0O o0 O
593 Machaerium lunatum (L.f.)Ducke Leg.-Pap. nph GC 1 0 0 @ 0 O O O 0
594 Macrosphyra longistyla (DC.)Hiern Rubiaceae nph S 1 1 0 1

595 Maerua angolensis DC. Capparaceae mph SG o o 0O o O O 1 1 o
596 Maerua duchesnei (De Wild.)F.White Capparaceae mpiGC o 1 1 0 0 0O 0 o0 O 0
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597 Maesopsis eminii Engl. subsp. eminii Rhamnaceae h mPGC o 1 0 1 0O 0 O

598 Majidea forsteri (Sprague)Radlk. Sapindaceae MPh Gco 1 1 o0 1 O O o0 o 0
599 Mallotus oppositifolius (Geisel.)Muell.Arg. Euphiaceae nph PAL 11 1 0 1 1 0 0 O 0
600 Manihot glaziovii Mull.Arg. Euphorbiaceae mPh GC o o o o 1 0O 0O 0 o 0
601 Manilkara multinervis (Baker)Dubard Sapotaceae mphSG 0O 0 1 o0 1 o 1 1 0
602 Manilkara obovata Sabine & G.Don Sapotaceae mPhC G 1 0 O 1 O O O O O 0
603 Mansonia altissima (A.Chev.)A.Chev. var. altigsi Sterculiaceae mPh GC o o 1 o O O O 0 o 0
604 Maranthes polyandra (Benth.)Prance Chrysobalaracemph S o o o0 o 1 1 1 1 o 0
605 Maranthes robusta (Oliv.)Prance Syn. Parindusta Oliver Chrysobalanaceae = MPh GC 0 1 0 0
606 Maranthochloa purpurea (Ridley)Milne.Redh. Médhnaneae nph GC 0O 1 0 O 0O 0 0 0
607 Margaritaria discoidea (Baill.)Webster Euphorbee mph SG 0o 1 o 1 1 1 1 0
608 Mariscus cylindristachyus Steud. Syn. M.altefii§ auct. Cyperaceae Hc Pt 1 0 0 O 1 1 1 1 O 0
609 Markamia tomentosa (Benth.)K.Schum. ex Engl. Bnipceae mph GC o 0 1 0 1 0o 0 0 O 0
610 Martretia quadricornis Beille Euphorbiaceae mph GC o o 0 1 0o 0O 0O o0 o 0
611 Maytenus heterophylla (Eckl. & Zeyh.)Robson Cetaeae mph Sz o 0 o o 1 1 1 1 1 1
612 Maytenus serrata (Hochst. ex A.Rich.)R.Wilczek laGeaceae mph GC 1 0 0 O O O O o0 o 0
613 Melanthera elliptica O.Hoffm. Asteraceae Hc Sz 0 (] 1
614 Melastomastrum segregatum (Benth.)A. & R.Fern. lastemataceae  Ch GE 0o 0 0 1 0 0 1 0 O 0
615 Memecylon afzelii G.Don var. afzelii Melastomaae Lnph  GC o 0 1 1 0 1 0 0 O 0
616 Merremia hederacea Burm.f. Convolvulaceae Lnph PAL o 0o 1 0o 0O O O o0 o 0
617 Merremia kentrocaulos (C.B.Clarke)Rendle ConJabeae Lnph Pt 0 0O 0 0O O 1 0 O 0
618 Mezoneuron benthamianum Baill. Leg.-Caes. Lmph GC 0O 1 0 1 1 0 O 0
619 Microdesmis puberula Hook.f. ex Planchon Pandacea mph GC o 1 1 1 0 0o 0 o0 O 0
620 Microlepia speluncae (L.)Moore Dennstaedtiaceae  Gr GC o 1 0 0O O O O o0 o 0
621 Mikania cordata (Burm. f.)B.L.Robins var. coalat Asteraceae LTh GC 0O 0 0 1 0O O O o0 O 0
622 Milicia excelsa (Welw.)C.C.Berg Moraceae MPh GC 1 1n 1 0
623 Millettia barteri (Benth.)Dunn Leg.-Pap. Lmph GC o 1 0 0O O O O o0 o 0
624 Millettia chrysophylla Dunn Leg.-Pap. LmPh GC 0o 0 0 1 0 O O O O 0
625 Millettia griffoniana Baill. Leg.-Pap. mph GC 0O 0 0 1 0 O O O0 O 0
626 Millettia thonningii (Schum. & Thonn.)Baker LeBap. mph GC o 1 1 0o 1 1 0 1 1 0
627 Millettia warneckei Harms Leg.-Pap. mph GC 0o 0o 1 0o O 1 0 0 O 0
628 Mimosa pigra L. Leg.-Mim. nph Pt o 0 1 0 O 0o 1 o0 O 0
629 Mimusops andogensis Hiern Sapotaceae mPh GC o 0 1 0o 1 1 0 o0 1 0
630 Mimusops kummel Bruce ex A.DC. Sapotaceae mph Sz 0O 0 » 1 o0 0 0
631 Mitragyna inermis (Willd.)O.Kuntze Rubiaceae mph S w 0 O 1 0 1
632 Mitragyna ledermannii (K. Krause)Ridsdale Rubéace mPh GC o 0 0 1 0 o 0 o0 O 0
633 Momordica cabrae (Cogn.)Jeffrey Cucurbitaceae LmpBC o 1 1 0 0O 0O 0 o0 O 0
634 Momordica charantia L. Cucurbitaceae Lnph Pt 1 1 0 0 O O 0o o0 O 0
635 Momordica cissoides Benth. Cucurbitaceae Lnph GC o 1 1 0 O O 0O 0 o 0
636 Monanthotaxis parvifolia (Oliv.)Verdc. Annonaceae Lnph GE o 1 1 1 0 O 0 o0 o 0
637 Mondia whitei (Hook.f.)Skeels Asclepiadaceae LmplsG 0o 1 1 0 0 0o 0 0 O 0
638 Monechma ciliatum (Jacq.)Milne-Redh. Acanthaceae ph n SG o o 0o o o 1 o0 1 o 1
639 Monechma depauperatum (Jacq.)Milne Acanthaceae nptsz o o 0o o0 o0 1 0o o0 1 0
640 Monodora myristica (Gaertn.)Dunal Annonaceae mPh Gco 1 1 0 O 1 0 0 O 0
641 Monodora tenuifolia Benth. Annonaceae mph GC o 1 1 1 1 1 0 0 O 0
642 Monotes kerstingii Gilg Dipterocarpaceae = mph S o o 0 o0 1 0o 1 1 o 0
643 Morelia senegalensis A.Rich. Rubiaceae mph SG o o 1 1 1 1 1 0 1 1
644 Morinda lucida Benth. Rubiaceae mph Pt 11 1 1 1 1 1 1 O 0
645 Morinda morindioides (Baker)Milne-Redh. Rubiaceae Lnph GC 11 1 0 0 1 1 0 O 0
646 Motandra guineensis (Thonn.)A.DC. Apocynaceae LmpBG 0o 1 1 0 1 0o 0 0 O 0
647 Mucuna pruriens (L.)DC. var. pruriens Leg.-Pap. pbm Pt o 1 1 0 1 0 1 1 O 0
648 Mukia maderaspatana (L.)M.Roem. Cucurbitaceae LnpRt o o o0 o o0 1 1 o0 o 1
649 Musanga cecropioides R.Br. Moraceae mPh GC 0o 1 0 0O O O O 0 o 0
650 Mussaenda arcuata Lam.ex Poir. Rubiaceae Lmph Pt 0O 0 00 0O O 0 O 0
651 Mussaenda elegans Schum. & Thonn. Rubiaceae Lmph GCO 1 1 1 1 0 0 O

652 Mussaenda isertiana DC. Rubiaceae Lmph GC 1 0 O 1 0 O o0 o0 O 0
653 Myrianthus arboreus P.Beauv. Moraceae mPh GC 0 1 1 1 0 0 0 O 0
654 Napoleonaea imperialis P.Beauv. Lecythidaceae mphE G 0 0 1 O 1 O O O O 0
655 Napoleonaea vogelii Hook. & Planch. Lecythidaceae mph GC o 1 1 1 1 1 0 O 0
656 Nauclea vanderguchtii (De Wild.)Petit Rubiaceae phm GE 0O 0 0O 1 0O O o0 o0 O 0
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657 Nauclea xanthoxylon (A.Chev.)Aubrév. Rubiaceae mphGE 0O O 1 0 0 O 0 O 0
658 Nelsonia canescens (Lam.)Spreng. Acanthaceae Ch Pt oo 0o 0o 0 O 1 1 1 0
659 Neorautanenia mitis (A.Rich.)Verdc. Leg.-Pap. LCh z S o 0 o0 o0 1 1 1 o0 1 0
660 Nephrolepis biserrata (Sw.)Schott Davalliaceae HCEPt 1 1 1 0 0 1 0 O 0
661 Nesogordonia papaverifera (A.Chev.)R.Capuron cBliaceae mph GC o 1 1 0 O 0O 0O o0 O 0
662 Neuropeltis velutina Hallier f. Convolvulaceae mRh  GC 0o 1 1 0 0 0O 0 0 O 0
663 Newbouldia laevis (P.Beauv.)Seem. ex Bureau Buraegae mph GC 1 1 1 1 1 0 0O 0 O 0
664 Nymphaea lotus L. Nymphaeaceae Hyd PAL o o o0 1 0o 0O 0O o0 o 0
665 Ochna membranacea Oliv. Ochnaceae mph GC 0O 0 1 0 1 0 1 o0 O 0
666 Ochna multiflora DC. Ochnaceae mph GO 1 0 0 O O O O o0 o 0
667 Ochna rhizomatosa (Tiegh.)Keay Ochnaceae nph S 0O 0 O OO0 1 1 1 0
668 Ochna schweinfurthiana F.Hoffm. Ochnaceae mph Sz 0O 0 ® 1 1 1 1 O 0
669 Octoknema borealis Hutch. & Dalziel Olacaceae mPhOG 0 O O 1 0O 0O O 0 O 0
670 Octolobus spectabilis Welw. Sterculiaceae nph GC 0O 0 0 O 0 0
671 Olax gambecola Baill. Olacaceae nph GC 0 0 0
672 Olax subscorpioidea Oliv. var. subscorpioidea c@daae mph GC 11 1 1 1 1 0 0 1 0
673 Oligocodon cunliffeae (Wernham)Keay Rubiaceae LnplGE o 0 o 1 0 o 0 o0 O 0
674 Olyra latifolia L. Poaceae nph GC 11 1 0 1 0 O 1 O 0
675 Oncinotis glabrata (Baill.)Stapf ex Hiern Apocgeae Lmph GC 11 0 0O O 0O 0O o0 O 0
676 Oncoba spinosa Forsk. Flacourtiaceae mph Sz o 0 1 o0 1 1 1 1 1 0
677 Oncocalamus mannii (Wendl.)Wendl. Arecaceae LmPh GEO O O 1 O O O O0 o 0
678 Opilia amentacea Roxb. Opiliaceae Lmph Sz 11 1 0 1 1 1 1 1 1
679 Oplismenus hirtellus (L.)P.Beauv. Poaceae Ch SG 1 1 » 0 1 1 1 0
680 Orthosiphon rubicundus (D.Don)Benth. Lamiaceae Hc ALP 0 O O O O O

681 Osmunda regalis L. Osmundaceae Ch Pt 0O 0 0 0O O o o0 o0 1 0
682 Oxyanthus formosus Hook.f. ex Planch. Rubiaceae h mp GC o 0 0 o O 1 0 0 O 0
683 Oxyanthus pallidus Hiern Rubiaceae mph GC o o 1 0o 0O O o o0 o 0
684 Oxyanthus racemosus (Schum. & Thonn.)Keay Rubéce nph GC 11 1 o0 1 1 1 0 O 0
685 Oxyanthus speciosus DC. Rubiaceae nph SG o 1 0 0O 1 o O 0 O 0
686 Oxyanthus subpunctatus (Hiern)Keay Rubiaceae nph Gco 0 1 1 0o O o o0 o 0
687 Oxyanthus unilocularis Hiern Rubiaceae mph GC o 1 1 1 1 0 1 0 O 0
688 Oxytenanthera abyssinica (A.Rich.)Munro Poaceae h mp Sz o 0 0 0O 1 o O 0 1 0
689 Ozoroa insignis Delile Anacardiaceae mph S o 0 o o o0 1 0 1 1 1
690 Palisota hirsuta (Thunb.)K.Schum. ex Engl. Cormaetae nph GC o 1 1 1 0 0 0 o0 O 0
691 Pancovia bijuga Willd. Sapindaceae mph GC 11 1 1 1 1 0 O O 0
692 Pandanus candelabrum P.Beauv. Pandanaceas mph SG 0O 0001 O O O O 0
693 Pandiaka angustifolia (Vahl)Hepper Amaranthaceae h T Pt o o o o 1 1 1 1 1 1
694 Pandiaka involucrata (Mogq.)B.D.Jackson Amararghac Ch S o 0 o0 o0 1 1 1 1 O 0
695 Panicum maximum Jacq. Poaceae Hc GC o 1 1 0 0 1 1 0 O 0
696 Panicum parvifolium Lam. Poaceae Ch SG o o 0 o0 1 0O 0 0 o 0
697 Pararistolochia goldieana (Hook.f.)Hutch. & Dellz Aristolochiaceae LGr GC 1 0 1 0 1 0 O O O 0
698 Parinari congensis F.Didr. Chrysobalanaceae  MPh SG o o 1 0o 1 1 1 0 O 0
699 Parinari curatellifolia Planch. ex Benth. Chryalabaceae  mph Sz 0 o o 1 1 1 1 1 0
700 Parkia bicolor A.Chev. Leg.-Mim. mPh GC 1 1 0 0 1 0 O 0
701 Parkia biglobosa (Jacq.)R.Br. ex G.Don f. LegmMi mPh S o o 1 o 1 1 1 1 1 1
702 Paropsia guineensis Oliv. Passifloraceae mPh GE o 1 0 0O O O O o0 o 0
703 Paspalum scrobiculatum L. Poaceae Hc Pt 1 0 0 O O O 1 1 o0 0
704 Passiflora foetida L. Passifloraceae Lnph Pt 0O 0 0 0O O 1 0 o0 O 0
705 Paullinia pinnata L. Sapindaceae Lmph At 11 1 1 1 1 1 1 1 1
706 Pauridiantha hirtella (Benth.)Bremek. Rubiaceae hmp GC 0 O 0

707 Pavetta corymbosa (DC.)F.N.Wiliams Rubiaceae mphG S 1 1 1 1 1 1 1 1 1
708 Pavetta crassipes K.Schum. Rubiaceae nph Sz o 0 o o 1 1 1 1 1 1
709 Pennisetum pedicellatum Trin. Poaceae Th PAL 0O 0 0O O O O D 1 1
710 Pennisetum polystachion (L.)Schult. Poaceae Th Pt 0 0o 1 0 O 0
711 Pennisetum purpureum Schumach. Poaceae Hc Pt 0 0 0O O O o0O0O0O 1
712 Pennisetum subangustum (Schumach.)Stapf & Ctb.Hu Poaceae Th SG o o 0 0O O O o o0 o 1
713 Pennisetum unisetum (Nees)Benth. Poaceae Hc Sz 0O 0 0O 0100 0 1 0
714 Pentaclethra macrophylla Benth. Leg.-Mim. mPh GC o 1 0 0 0 0 o0 O 0
715 Pentadesma butyracea Sab. Clusiaceae mPh SG o o o0 O 1 0 o0 o0 1 0
716 Pentodon pentandrus (Schum. & Thonn.)Vatke Rebiac Th At 1 0 0 O O O o o0 O 0
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Pergularia daemia (Forssk.)Chiov.

Pericopsis laxiflora (Benth.)van.Meeuwen
Periploca nigrescens Afzel.

Peristrophe bicalyculata (Retz.)Nees

Phaulopsis imbricata (Forssk.)Sweet. subspidata
Phaulopsis barteri (T.Anders.)Lindau

Phaulopsis ciliata (Willd.)Hepper

Phoenix reclinata Jacq.

Phragmites karka (Retz.)Steud.

Phyllanthus muellerianus (O.Ktze.)Exell
Phyllanthus reticulatus Poir. var. reticulatus
Phymatodes scolopendria (Burm.)Ching
Pierreodendron kerstingii (Engl.)Little

Piliostigma reticulatum (DC.)Hochst.

Piliostigma thonningii (Schumach.)Milne-Redh.
Piper guineense Schum. & Thonn.
Piptadeniastrum africanum (Hook.f.)Brenan
Pittosporum viridiflorum Sims subsp. dalziglifutch.)Cuf.
Plastoma africanum P.Beauv.

Platycerium angolense Welw.

Platycerium stemaria (Beauv.)Desv.

Pleiocarpa pycnantha (K.Schum.)Stapf
Pleioceras barteri Baill.

Plumbago zeylanica L.

Polycarpaea linearifolia (DC.)DC.

Polygala arenaria Willd.

Polygala butyracea Heckel

Polysphaeria arbuscula K.Schum.

Pouchetia africana DC.

Pouteria alnifolia (Baker)Roberty

Pouzolzia guineensis Benth.

Premna angolensis Glierke

Premna quadrifolia Schum. & Thonn.

Prosopis africana (Guill. & Perr.)Taub.

Protea madiensis Oliv Syn. P. elliotii C.H.Wtigh
Pseudarthria confertiflora (A.Rich.)Baker
Pseudarthria hookeri Wight & Arn. var. hookeri
Pseudocedrela kotschyi (Schweinf.)Harms.
Pseudospondias microcarpa (A.Rich.)Engl. vastooarpa
Psilanthus mannii Hook.f.

Psorospermum glaberrimum Hochr.
Psorospermum tenuifolium Hook.

Psychotria articulata (Hiern)Petit

Psychotria calva Hiern

Psychotria psychotrioides (DC.)Roberty
Psychotria vogeliana Benth.

Psydrax acutiflora (Hiern)Bridson

Psydrax horizontalis (K. Schum. & Thonn.)Bridson
Psydrax parviflora (Afzel.)Bridson

Psydrax subcordata (DC.)Bridson

Pteleopsis suberosa Engl. & Diels

Pterocarpus erinaceus Poir

Pterocarpus santalinoides DC.

Pterygota macrocarpa K.Schum.

Pupalia lappacea (L.)A; Juss.

Pycnanthus angolensis (Welw.)Warb. var. angislens
Pycreus polystachyos (Rottb.)P.Beauv.
Pyrenacantha canaliculata Pierre Syn. P. vogeBaill.
Raphia hookeri Mann & Wendl.

Raphia sudanica A.Chev.

Asclepiadaceae mphL SG

Leg.-Pap mph S 0
Asclepiadaceae Lmph GC
Acanthaceae h T Pt 0
Acanthaceae Ch GC
Acanthaceae ph n SG 0
Acanthaceae nph G S 0
Arecaceae nph SG
Poaceae nph PAL
Eupharbae Lmph SG
ptiarbiaceae nph Sz
Polypodimcea Ep GC 0
Simarockae mph GO
Leg.-Caes. hmp S 0
-Eges. mph SG
Piperaceae LmPh GC
LegmMi MPh GC 0
Pittosporaceae mph GC
Lamiaceae Th PAL
Polypodiaceae Ep At
Polypodiaceae p E At 0
Apocynaceae ph n GC
Apocynaceae nph GC
Plumbaginaceae nph SG
Caryophyllaceae Th Sz 0
Polygalaceae Th SG
Polygalaceae Th Sz
Rubiaceae mph Sz
Rubiaceae nph SG
Sapotaceae mph GC 1
Urticaceae Ch GC
Verbenaceae nph GC
Verbenaceae nphGO 0
Leg.-Mim. mPh S 0
Proteaceae mph Sz
LegpPa nph Sz 0
egl-Pap. nph Sz
Meliacea mph S 0
Anacardiaceae mPh SG
Rubiaceae nph GC
Hypericaceae mph SG 0
Hypericaceae mph GE
Rubiaceae mph GC 0
Rubiaceae nph GC
Rubiaceae ph n SG 0
Rubiaceae nph SG
Rubiaceae nph GC
Rubiaceae Lmph SG
Rubiaceae nph GO 1
Rubiaceae mph GC
Combretaceae mpsz 0
Leg.-Pap. mPh S
Leg.-Pap. mph SG
Sterculiaceae mph GC
Amaranthaceae Ch PAL
Myristicaceae mPh GC
Cyperaceae c HPt 1
Icacinaceae Lmph GC
Arecaceae mph GC
Arecaceae mph Sz

0O 0 O
0 00 1
1 1 1
0
1 0 1
o 0 1
o 0 O
o 0 1
0 1
0o 0 1
o 0 O
0o 1 O
0o 0 1
0o 0 1
1 0 1
1 10 0
0o 0 1
0O 1 1
1 0 O
0O 0 O
o 1 1
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777 Raphia vinifera P.Beauv. Arecaceae mph GE o 0 O o 0 0 0 o 0
778 Raphionacme brownii Scott Ell. Asclepiadaceae Gt S 0O 0 0O O O 1 0 O 0
779 Rauvolfia vomitoria Afzel. Apocynaceae mph SG 1 1 1 1 1 0 1 0 0
780 Reissantia indica (Willd.)N.Hallé Celastraceae Hnp GC 11 1 o0 1 1 1 1 1 0
781 Rhabdophyllum affine (Hook.f.)Van Tiegh. Ochnaxea nph GO o 1 1 0 0O O 0 o0 O 0
782 Rhaphiostylis beninensis (Hook.f. ex Planchr)étiaex Benth. Icacinaceae Lnph  GC 1 1 0
783 Rhigiocarya racemifera Miers Menispermaceae Lnph  GC 0 1 o 0 O 0
784 Rhinacanthus virens (Nees)Milne-Redh. var. siren Acanthaceae Ch GC o 0 1 0O 0 O 0
785 Rhizophora racemosa G.F.W.Mey Rhizophoraceae mPh Ppt1 0 0 O O O O 0 O 0
786 Rhus natalensis Bernh. ex Krause Anacardiaceae mp8Z o 0 o o O o o0 1 1 1
787 Rhynchosia minima (L.)DC. var. minima Leg.-Pap. Th Pt o o o o 1 1 1 1 o 0
788 Rhynchosia pycnostachya (DC.)Meikle Leg.-Pap. LmpBC o 0 1 0 O 0o 0 1 O 0
789 Rhynchosia sublobata (Schumach.)Meikle Leg.-Pap. ChL SG o 0 0 0O O 1 0 o0 O 0
790 Ricinodendron heudelotii (Baill.)Pierre & Heckel Euphorbiaceae mPh GC 0o 1 1 1 0 0 0 O 0
791 Rinorea brachypetala (Turcz.)Kuntze Violaceae nph CG 0 0 1 0O 0 o0 0 oO

792 Rinorea dentata (P.Beauv.)Kuntze Violaceae mph GC 0 a 1 0 0 0 O

793 Rinorea ilicifolia (Welw. ex Oliv.)Kuntze Violaee nph GC o 0 1 0 0 0o 0 o0 O 0
794 Rinorea kibbiensis Chipp. Violaceae nph GC 0 0O 0 0O O 0 O 0
795 Ritchiea capparioides (Andr.)Britten var. capjues Capparaceae Lnph  GC 1 1 1 1 1 0 0 O

796 Ritchiea erecta Hook.f. Syn. R. pentaphylla Gilgened. Capparaceae nph GE 1 1 0 0 O
797 Rothamannia longiflora Salisb. Rubiaceae mph GC 1 1 1 1 0 1 0 O 0
798 Rothamannia urcelliformis (Hiern)Robyns Rubiaceae mph GC o 1 1 0 1 o 0 0 O 0
799 Rothmannia munsae (Schweinf. ex Hiern)E.M.AtPeti Rubiaceae mPh GC 0O 0 O 0o 0 O 0 ©O 0
800 Rourea coccinea (Thonn. ex Schum.)Benth. Coneaeac nph GC 11 1 1 1 1 1 1 1 0
801 Rourea thomsonii (Thonn. ex Schum.)Benth. Comeas Lmph GC o 1 1 1 1 0 0 0 O 0
802 Ruellia praetermissa Schweinf. ex Lindau Acargbac Ch GC 0o 0 0 o O 1 1 o0 O 0
803 Rungia grandis T.Anders. Acanthaceae nph GC 0o 1 0 O O O O 0O o 0
804 Rutidea parviflora DC. Rubiaceae Lmph SG o 1 o0 0O 0 0O 0 ©O 0
805 Rutidea smithii Hiern Rubiaceae Lmph GC 1 1 0O 0 O 0 oO 0
806 Rytigynia canthioides (Benth.)Robyns Rubiaceae mphGC 1 1 1 0 1 1 0 1 O 0
807 Rytigynia senegalensis Blume Rubiaceae mph SG 0o 0 1 1 1 0 0 O 0
808 Rytigynia umbellulata (Hiern)Robyns Rubiaceae mph G S 1 1 1 0 1 1 0 O O 1
809 Saba senegalensis (A.DC.)Pichon Apocynaceae LmPh GOO O O O 1 1 1 1 1 0
810 Saba thompsonii (A.Chev.)Pichon Apocynaceae LmPh GC1 1 1 0 1 1 1 1 1 0
811 Sabicea brevipes Wernh. Rubiaceae Lnph  GC o 0 0 0O O o O o0 1 0
812 Sabicea calycina Benth. Rubiaceae Lnph  GC 0o 0o 1 0o 0 o 0 o0 O 0
813 Sacciolepis africana C.E.Hubbard & Snowden Paacea Hc Sz o o 0O o O O O o0 1 0
814 Salacia bussei Loes. Syn. S. baumannii (Loesll)&Mendonga  Hippocrateaceae Lnph  GC 0O 0 O 1 0 0 0 O
815 Salacia longipes (Oliv.)N.Hallé Hippocrateaceae h np GC 11 1 1 1 0 0O 0 O 0
816 Salacia pallescens Oliv. Hippocrateaceae nph GC 1 1 1 1 1 0 0 O 0
817 Salacia senegalensis (Lam.)DC. Hippocrateaceae h LngGC 0o 1 0O 0 0O O 1 o 0
818 Sansevieria liberica Gérdome & Labory Dracaenaceae Gr GC 1 1 o 1 1 1 1 O 1
819 Sarcocephalus latifolius (Smith)Bruce Rubiaceae h mp At o o o o 1 1 1 1 1 1
820 Sarcophrynium brachystachyum (Benth.)K.Schum. avlaceae Gr GC o 0 0 0O O o o0 o0 1 0
821 Scadoxus multiflorus (Martyn)Raf. Subsp. muitifis Amaryllidaceae Gb SG o 0 1 0 1 1 1 o0 O 0
822 Schizachyrium exile (Hochst.)Pilg. Poaceae Th PAL 0O O 0 O 0o 0 1 0
823 Schizachyrium sanguineum (Retz.)Alston Poaceae Hct P 0O 0O O O 1 1 0 O 1
824 Schrebera arborea A.Chev. Oleaceae mPh GC 0o 0 1 1 0 0 0 O 0
825 Scilla sudanica A.Chev. Liliaceae Gt S 0o 0o 0 o O o 1 1 O 0
826 Scleria achtenii De Wild. Cyperaceae Hc SG 1 0 O o 0 0O o0 1 0
827 Scleria depressa (C.B.Cl.)Nelmes Cyperaceae Hc GC o o1 1 0 1 1 1 0
828 Scleria lagdensis Boeck. Poaceae Hc Pt 0O 0 O o 0 o0 1 o 0
829 Scleria naumanniana Boeck. Cyperaceae Hc GC 0O 0 1 0O 0 O 0 O 0
830 Sclerocarya birrea (A.Rich.)Hochst.) Anacardiacea mph S o 0 0 0O 1 o 0 o0 1 1
831 Secamone afzelii (Schultes)K.Schum. Asclepiadacea Lmph GC 11 1 1 1 1 1 1 O 0
832 Securidaca longipedunculata Fres. Polygalaceae mpBZ o o o o 1 1 1 1 1 1
833 Senna obtusifolia (L.)H.S.Irwin & Barneby Leg.e3a Ch Pt 0O 0 0 O O O O 1 o0 1
834 Sesbania leptocarpa DC. Leg.-Pap. nph GC 1 0 0 O O O o o0 o 0
835 Sesbastiana chamaelea (L.)Mull.Arg. Euphorbiaceae Ch PAL o o 0 0O o O o o0 1 0
836 Sesuvium portulacastrum L. Aizoaceae Ch GO 1 0 0 O O O O o0 o 0
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837 Setaria barbata (Lam.)Kunth Poaceae Th Pt o o 0O o O 1 0 0 o 0
838 Setaria chevalieri Stapf Poaceae Hc GC o o o0 o O 1 1 0 o 0
839 Setaria megaphylla (Steud.)Th.Dur.& Schinz Poacea Hc GC o 1 1 0 1 1 1 1 O 0
840 Setaria pumila (Poir.)Roem. & Schult. Poaceae Th LPAO O O O O O o0 1 o 0
841 Sherbournia bignoniiflora (Welw.)Hua Rubiaceae bmp GC o 1 0 0O O O O 0 o 0
842 Shirakia elliptica (Hochst.)Kruijt. Euphorbiaceae mPh SG o 0 0 0 1 0 1 0
843 Sida acuta Burm.f. subsp. acuta Malvaceae Ch Pt 0O 0 o1 1 1 1 O 1
844 Sida collina Schlechtend. Syn. S. corymbosaMR.E. Malvaceae Ch GC o o 0O O O O 1 0 o 0
845 Sida cordifolia L. Malvaceae nph Pt 0O 0 0 0O O O O o0 O 1
846 Sida pilosa Retz. Syn. S. vernonicifolia Lam. \Meeae Ch SG o o o o O O 1 0 o 0
847 Sida rhombifolia L. Malvaceae nph GC o o o0 0O 1 0 1 o0 o 0
848 Sida urens L. var. urens Malvaceae Lnph  GC o 0o o0 o 1 o 1 1 1 0
849 Simicratea welwitschii (Oliv.)N.Hallé Hippocrateme Lmph GC 11 1 0 O 0O O 0 O 0
850 Smeathmannia pubescens Soland. ex R.Br. Peasifle nph GC 1 0 0 O O O o 0 O 0
851 Smilax anceps Willd. Syn. S. kraussiana Meissner Smilacaceae LGr SG 11 1 1 1 1 1 0 1 0
852 Solanum erianthum G.Don Syn. S. verbascifolium L Solanaceae nph Pt o 0 0 0O 1 o O o0 O 0
853 Solanum terminale Forssk. subsp inconstans {@right)Heine Solanaceae Lmph GC o o0 1 o 0O O O o0 o 0
854 Solanum torvum Sw. Solanaceae nph GC o 0 1 0 O o O o0 O 0
855 Solenostemon monostachyus P.Beauv. Lamiaceae Th GC 00 0O 0 0 0O O 0 1 0
856 Sorindeia warneckei Engl. Anacardiaceae Lmph GC 11 1 1 1 1 O o0 O 0
857 Sparganophorus sparganophara (L.)Jeffrey Asiaeace Th Pt o o o0 o0 O 1 0o o0 o 0
858 Spathandra blakeoides (G.Don)Jacq.-Félix Melestaceae  mph GC 1 0O 0 0O O O o0 O 0
859 Spathodea campanulata P.Beauv. Bignoniaceae MPh GC 101 1 1 1 O O O 0
860 Spermacoce filifolia (Schmach. & Thonn.)J.-Priueb& Stork Rubiaceae Th SG 1 1
861 Spermacoce octodon (Hepper)J.-P. Lebrun & Stork Rubiaceae Ch SG 0O 0 0 O O O o0 1 O 0
862 Spermacoce radiata (DC.)Sieber ex Hiern Rubiaceae Th SG o o o o 1 0o 1 1 1 1
863 Spermacoce ruelliae DC. Rubiaceae Th SG o 0 o o 1 1 1 O

864 Spermacoce stachydea DC. Rubiaceae Th SG o 0o o0 o 1 1 1 1 1 1
865 Sphenocentrum jollyanum Pierre Menispermaceae npphC G 0 1 0

866 Sphenostylis schweinfurthii Harms Leg.-Pap. Hc Sz @ 0 0O O O o0 1 1 0
867 Spondianthus preussii Engl. subsp. preussii Bbpteae mPh GC 0o 1 0 1 0 0o 0 O0 O 0
868 Spondias mombin L. Anacardiaceae mPh Pt 1 1 0 1 O 1 1 0
869 Sporobolus paniculatus (Trin.)Dur. & Schinz. Rezaer Hc PAL o o 0 0O O O 1 o0 o 0
870 Sporobolus pyramidalis P.Beauv. Poaceae Hc Sz 0O 0 0O O 1 1171 1 O 1
871 Stachyanthus occidentalis (Keay & Miége)Boutique Icacinaceae Lnph GO o 1 1 1 1 0 0 0 O 0
872 Steganotaenia araliacea Hochst. var. araliacea iacéqe mph SG o o 0o o o O o 1 1 1
873 Sterculia setigera Del. Sterculiaceae mph S o o o0 o 1 1 1 1 1 1
874 Sterculia tragacantha Lindl. Sterculiaceae mPh SG 11 1 1 1 1 1 1 1 0
875 Stereospermum kunthianum Cham. var. kunthianum gndBiaceae mph Sz o o o o 1 1 1 1 1 1
876 Streptogyna crinita P.Beauv. Poaceae Gr GC o 1 1 0 1 0O 0 0 o 0
877 Striga asiatica (L.)Kuntze Scrophulariaceae Th PAL 0O 0 0 0O O o O o0 O 1
878 Strombosia pustulata Oliv. Syn. S. glaucescewgs E Olacaceae mPh GC o 1 0 1 0O O 0 0 O 0
879 Strophanthus barteri Franck. Apocynaceae Lmph GC i1 1 0 0 0 0O 0 0 O 0
880 Strophanthus hispidus DC. Apocynaceae Lmph GC 11 1 o0 1 0 1 1 O 0
881 Strophanthus sarmentosus DC. Apocynaceae Lnph  GC 1 1111 0 1 1 1 0
882 Strychnos barteri Soler. Loganiaceae LMPh GC o 0o 1 0o O O 0O o0 o 0
883 Strychnos floribunda Gilg Loganiaceae LmPh GC 0o 1 1 0 0 0o 0 o0 O 0
884 Strychnos innocua Delile Loganiaceae mph Sz o 0 o0 o 1 1 1 1 1 1
885 Strychnos nigritana Baker Loganiaceae LmPh GC o 1 1 0 1 1 0 0 1 0
886 Strychnos spinosa Lam. Loganiaceae mph PAL o o o0 o 1 1 1 1 1 1
887 Strychnos splendens Gilg Loganiaceae LmPh GC o 1 1 0 1 o 0 o0 1 0
888 Stylochiton hypogaeus Lepr. Araceae Gt S o o o o 1 1 1 1 1 1
889 Stylochiton lancifolius Kotschy & peyr. Araceae Gr S 0O 0 0O O O 0 o 0 1
890 Stylosanthes fruticosa (Retz.)Alston Leg.-Pap. Ch ALP 0 O O O O O o0 1

891 Swartzia madagascariensis Desv. Leg.-Caes. mph Sz 0000 1 0 1 1 1

892 Symphonia globulifera L.f. Clusiaceae mPh GC 1 1 1 1 0 0O 0 o0 O 0
893 Synaptolepis retusa H.Pearson Thymeliaceae Hc Sz 0O 0 10 0 O 1 1 1 0
894 Synsepalum brevipes (Baker)Pennington Sapotaceae Ph m GC o 1 1 1 1 0O O 0 O 0
895 Synsepalum passargei (Engl.)Penn. Sapotaceae mph szo 0 0 O O O O 1 1 0
896 Syzigium guineense (Willd.)DC. subsp. guineense yrtdteae mph At o o0 1 o0 1 1 1 1 1 1
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897 Syzygium guineense (Willd.)DC. var. littoraledge Myrtaceae mph GC 1 0 0 O 1 O O o0 O
898 Syzygium owariense (P.Beauv.)Benth. Myrtaceae mPhC G 0 0 O 1 O O O O oO 0
899 Tabernaemontana eglandulosa Stapf Apocynaceae h LmpC 0O 1 0 O O o O o0 o

900 Tabernaemontana pachysiphon Stapf Apocynaceae mphC G 0O 1 0 1 0O O O 0 O 0
901 Tacazzea apiculata Oliv. Asclepiadaceae Lmph SG o o o0 1 0 O 0 1 o
902 Tacca leontopetaloides (L.)O.Kuntze Taccaceae G PALO O 1 0 1 1 1 1 o 0
903 Talinum triangulare (Jacq.)Willd. Portulacaceae Ch PAL o o o0 o0 1 1 1 0 O 0
904 Tamarindus indica L. Leg.-Caes. mPh Pt o o 1 o 1 1 1 1 1
905 Tapura fischeri Engl. Dichapetalaceae mph GC o 1 1 0 0 0O 0 o0 O
906 Tarenna bipindensis (K.Schum.)Bremek. Rubiaceae phLn GC o 1 0 0O O O O o0 o 0
907 Tarenna calliblepharis N.Hallé Syn. T. conf¢Banth.)Hiern Rubiaceae Lnph GE o 1 0 0 1 0O 0 0 o
908 Tephrosia bracteolata Guill. & Perr. Leg.-Pap. Ch G S o o o o 1 1 1 1 1 1
909 Tephrosia elegans Schumach. Leg.-Pap. Ch SG o o o o 1 1 1 1 O
910 Tephrosia gracilipes Gill. & Perr. Leg.-Pap. Th Sz o 0 0O 0 o0

911 Tephrosia linearis (Willd.)Pers. Leg.-Pap. th SG 0O 0 ®@ 0 O 0 1
912 Tephrosia pedicellata Baker Leg.-Pap. Ch SG o 0 0 0o O 1 1 1 1

913 Tephrosia platycarpa Guill. & Perr. Syn. T. flega G.Don Leg.-Pap. Ch SG o o 0 0O o 1 0o o0 1
914 Tephrosia purpurea (L.)Pers. subsp. purpurea -Pang. Ch PAL o 0 0 O 1 o O 0 O 0
915 Tephrosia villosa (L.)Pers. Leg.-Pap. Ch Pt o 0 0 0O O 1 0 o0 O
916 Teramnus buettneri (Harms)Baker f. Leg.-Pap. Ch Sz 0O 0 0O 0 O

917 Teramnus micans (Baker)Baker f. Leg.-Pap. LCh SG 0O 0 ®o 0 0 O 1 O 0
918 Terminalia avicennioides Guill. & Perr. Combretae mph S o 0 o o0 1 1 1 1 1

919 Terminalia brownii Fres. Combretaceae mph Sz o o0 0O o O O o o0 1
920 Terminalia laxiflora Engl. & Diels Combretaceae mP S o o o0 o 1 o0 0 1 1 1
921 Terminalia macroptera Guill. & Perr. Combretaceae mph S o 0 0O O o0 1 1 0 1
922 Terminalia schimperiana Hochst. Combretaceae mph S o 1 o0 1 1 1 1 1 1
923 Terminalia superba Engl. & Diels Combretaceae mPhC G 0 1 0 1 1 0 0
924 Tetracera alnifolia Willd. Dilleniaceae Lmph GC 11 1 1 1 O O 0 1

925 Tetrapleura andongensis Welw. ex Oliv. Leg.-Mim. Pm SG 0O 0 o0 O 1 0o 1 o0 O 0
926 Tetrapleura tetraptera (Schum. & Thonn.)Taub. Mg, mPh GC 1 1 0 0O 0 0 O 0
927 Tetrorchidium didymostemon (Baill.)Pax & Hoffm. ughorbiaceae mph GC o 1 1 0 0 0O O 0 O
928 Thonningia sanguinea Vahl. Balanophoraceae Par GC 0O 1 o O O 1 0 o0 O
929 Thunbergia atacoriensis Akoéegninou & Lisowski aAthaceae LCh Sz o o o0 0O o O o o0 1
930 Thunbergia togoensis Lindau Acanthaceae LCh SG o 0 0 O O o 1 o

931 Tiliacora funifera (Miers)Oliv. Menispermaceae llmp GC 0o 1 1 0 0 0o 0 0 o 0
932 Tinnea barteri Gurke Lamiaceae nph Sz o o o0 o 1 1 1 1 1
933 Trachyphrynium braunianum (K.Schum.)Baker Marceda Lmph GC o 1 0 0O O O o o0 o
934 Trachypogon spicatus (L.f.)Kuntze Poaceae Hc Sz 0 @ 0 0 o0 1 0
935 Tragia senegalensis MUll.Arg. Euphorbiaceae Lnph S o 1 0 1 1 1 1 1 1
936 Treculia africana Desc. subsp. africana Moraceae PhM GC o 1 1 1 0 O 0 0 O 0
937 Trema orientalis (L.)Blume Celtidaceae mph Pt 11 1 1 1 1 0 0 1
938 Tricalysia faranahensis Aubrév. & Pellegr. Rubie nph GE 1 0 0 0 O

939 Tricalysia okelensis Hiern var. okelensis Rukaace mph Sz o o 0 0O 1 0o o0 o0 1 1
940 Tricalysia reflexa Hutch. Rubiaceae nph GC 0O 1 0 0O O O O o0 O
941 Tricalysia reticulata (Benth.)Hiern Rubiaceae npph OG 0 O O 1 0 O O 1 O 0
942 Trichilia emetica Vahl subsp. emetica Meliaceae hmp Sz o o o o 1 1 1 1 1

943 Trichilia megalanta Harms Meliaceae mPh GO 11 1 0 O 1 0O O0 O
944 Trichilia monadelpha Harms. Meliaceae MPh GC o 1 1 0 O 0o 0 o0 O

945 Trichilia prieureana A.Juss. subsp. prieureana liakvkEne mph GC 11 1 1 1 0O 0O 0 O

946 Trichilia retusa Oliv. Meliaceae mPh SG 0o 0 0 0O O o o0 1 o
947 Trichilia tessmannii Harms. Syn. T. lanata AXChe Meliaceae mPh GC o 1 1 0 O 0o 0 o0 O
948 Trichoscypha oba Aubrév. & Pellegr. Anacardiaceae mph GO 1 0 0 O O O O o0 O 0
949 Tricliceras pilosum (Willd.)R.Fern. Turneraceae Th sz o o 0 0O O O o 1 o 0
950 Triclisia subcordata Oliv. Menispermaceae Lnph  SG 11 1 1 1 1 1 1 O
951 Trilepisium madagascariense DC. Syn. Bosquejelensis Ficalho Moraceae mPh GC o 1 o0 1 1 0 1 0 O
952 Triplochiton scleroxylon K.Schum. Sterculiaceae P GC o 1 1 1 1 1 0 0 O 0
953 Tripogon minimus (A.Rich.)Steud. Poaceae Hc SG 0O 0 0 0O O O 0 o 1
954 Tristachya superba Schweinf. & Asch. Poaceae Hc Sz ® 0 0 O O O 1 O 0
955 Triumfetta rhomboidea Jacq. var. rhomboidea delkee nph Pt o o o0 o 1 0o o0 1 o
956 Turraea heterophylla J.B.Hall Meliaceae Lnph GO o 1 1 0 0 o 0 o0 O

131



No Plant specie Family LF Chor., CO PO PL OV BA ZO BS BN AT M-P
957 Tylophora cameroonica N.E.Br. Asclepiadaceae LmphCc G 1 0 O O O O O O O 0
958 Tylophora dahomensis K.Schum. Asclepiadaceae Lmpe S 1 0 O O O O O O ©O 0
959 Tylophora oblonga N.E.Br. Asclepiadaceae Lmph GC 11 0 0 O O 0o 0 o 0
960 Tylophora sylvatica Decne. Asclepiadaceae Lnph GC o 1 1 0 O O O 0 O

961 Uapaca heudelotii Baill. Euphorbiaceae mPh GC o 1 1 0 1 0O 0 0 O 0
962 Uapaca paludosa Aubrév. & Léandri Euphorbiaceae  h mPGC o 0 0 1 0 0o 0 O0 O 0
963 Uapaca somon Aubrév. & Léandri Syn. Uapaca tugjsd®ax Euphorbiaceae mPh S o o o o 1 1 1 1 1 0
964 Urera obovata Benth. Urticaceae nph GO o 1 1 0 O 0O 0O o0 O 0
965 Urginea altissima (Linn.f.)Baker Liliaceae Gb Sz 0O 0 0 0O 1 0 0 O 0
966 Urginea ensifolia (Thonning)Hepper Liliaceae Gb Sz @ 0 O

967 Usteria guineensis Willd. Loganiaceae Lmph GC i1 0 1 0 1 0 0 0 1 0
968 Uvaria angolensis Welw. ex Oliv. var. angolensis Annonaceae Lmph GC 0O 0 0 O O o o o0 1 0
969 Uvaria chamae P.Beauv. Annonaceae Lmph GC 11 1 0 1 1 1 0 1 0
970 Uvariodendron sp Annonaceae nph GC o 1 0 0O O O O o0 o 0
971 Vangueria madagascariensis J.F.Gmel. Syn. \Gse&eRobyns Rubiaceae mph GC 0O 0 o0 O O o o0 o0 1 0
972 Vangueriella nigerica (Robyns)Verdc. Rubiaceae mphSG o 1 1 0 1 1 0 0 O 0
973 Vangueriella spinosa (Schumach. & Thonn.)Verdc. ubiieae mph SG o o 1 o 1 1 1 o0 1 0
974 Ventilago africana Gaertn. Rhamnaceae Lmph GC 0o 1 0 0O O o O o0 O 0
975 Vepris verdoorniana (Excell & Mendonga)W.Mziray utbceae mph GC o 0 1 1 0 0o 0 0 O 0
976 Vernonia camporum A.Chev. Asteraceae nph Sz o 0 o o 1 1 1 1 O 1
977 Vernonia cinerea (L.)Less Asteraceae Th Pt o o o0 o O 1 1 0 O 0
978 Vernonia colorata (Willd.)Drake Asteraceae mph Sz o a o 1 1 1 o0 1 1
979 Vernonia galamensis (Cass.)Less Syn. V. patmifMvilld.)Less.  Asteraceae Th Sz o o o o o 1 1 o0 1 0
980 Vernonia glaberrima Welw. ex O.Hoffm. Asteraceae nph Sz o o 0O o O O 1 o0 o 0
981 Vernonia guineensis Benth. Asteraceae nph Sz o 0 o0 o 1 1 1 1 O 0
982 Vernonia nigritana Oliv. & Hiern Asteraceae Ch Sz o 0o o0 o 1 o

983 Vernonia pumila Kotschy & Peyr. Asteraceae Hc Sz 0O 0 0 o 1 1 0 0
984 Vernonia purpurea Sch.Bip. Asteraceae nph Sz o 0 0 0O O o O 1 O 0
985 Vetiveria nigritana (Benth.)Stapf Poaceae Hc Sz 0O 0 o 0O 0 O 1
986 Vicoa leptoclada (Webb)Dandy Asteraceae Th SG 0O 0 0O 0O O 1 1 1 1
987 Vigna ambacensis Baker Leg.-Pap. LCh SG o 0 0 0O O 1 1 1 O 1
988 Vigna gracilis (Guill. & Perr.)Hook.f. Leg.-Pap. nth  SG 1 0 0 0o 0 O

989 Vigna racemosa (G.Don)Hutch. & Dalziel Leg.-Pap. ChL  SG 0 0 0O 1 0 1 O 1
990 Vigna reticulata Hook.f. Leg.-Pap. Lmph SG 0o 0o 1 o0 O 0O 0O o0 O 0
991 Vitellaria paradoxa C.F.Gaertn. Sapotaceae mPh S 0O 0 0O 1 1 1 1 1 1
992 Vitex chrysocarpa Planch. ex Benth. Verbenaceae h mpSz 0 1 0 1 1 0 1 1 1
993 Vitex doniana Sweet Verbenaceae mph Sz i1 0 1 o0 1 1 1 1 1 1
994 Vitex grandifolia Gurke Verbenaceae mph GC 11 0 0 1 0 1 0 O 0
995 Vitex madiensis Oliv. Syn. V. simplicifolia Oliv Verbenaceae mph Y4 o o o o o 1 1 1 1 0
996 Vitex micrantha Giirke Verbenaceae mPh GO 0o 0o 1 0 0O 0o O o0 O 0
997 Voacanga africana Stapf Apocynaceae mph SG 0o 0 o o 1 o O 1 o 0
998 Waltheria indica L. Sterculiaceae nph Pt o 0 o o 1 1 1 1 O 1
999 Warneckea fascicularis Planch. ex Benth. Melastaceae mph GO o o 0 1 0o O o o0 o 0
1000 Warneckea memecyloides (Benth.)Jacq.-Fél. Melasameae  Lmph GC 0 1 1 0 O 0 0 0 O 0
1001 Whitfieldia elongata (P.Beauv.)De Wild. & Th.Dur. &athaceae Ch GE 0o 1 0 O O o O o0 O 0
1002 Wissadula amplissima (L.)R.E.Fries Malvaceae Th Sz o o 1 1 1 1 1 1 1
1003 Xeroderris stuhlmannii (Taub.)Mendonca & Sousa LFeayp- mph Sz o o o o 1 1 1 1 1 1
1004 Ximenia americana L. Olacaceae nph Pt o 0 o0 o 1 1 1 1 1 1
1005 Xylopia aethiopica (Dunal)A.Rich. Annonaceae mPh SG 1 1 a o 0 0
1006 Xylopia parviflora (A.Rich.)Benth. Annonaceae mph SG 1 112 1 1 0 1 O

1007 Xylopia rubescens Oliv. Annonaceae mPh GO o 1 1 1 0 0O 0 0 O 0
1008 Xylopia villosa Chipp Annonaceae mPh GO o 1 o0 0O 0O O o o0 o 0
1009 Zacateza pedicellata (K.Schum.)Bull. Asclepiadaceae mPl.  GE o o0 0 1 0o 0O o o0 o 0
1010 Zanha golungensis Hiern Sapindaceae mPh SG o 0o 0 o 1 1 1 1 1 0
1011 Zanthoxyllum rubescens Planch. ex Hook.f. Rutaceae h mPGC o o 1 0o O O 0O o0 o

1012 Zanthoxylum gilletii (De Wild.)Waterman Rutaceae mph CG 0o 1

1013 Zanthoxylum leprieurii Guill. & Perr. Rutaceae mph GC o1 1. o0 0O O O 0 oO 0
1014 Zanthoxylum zanthoxyloides (Lam.)Zepernick & Timber Rutaceae mph SG 1 0 1 1 1 0 o0 1 1
1015 Zehneria hallii C.Jeffrey Cucurbitaceae Lnph SG o 1 o0 0O O 1 0 0 O 0
1016 Zephyranthes tubispatha Herb. Amaryllidaceae Gb PAL 0O 0 0 O O 1 o0 O 0
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1017 Ziziphus abyssinica Hochst. ex A.Rich. Rhamnaceae mptsZ o o o0 0o o O o o0 1 1
1018 Ziziphus mauritiana Lam. Rhamnaceae mph PAL 0O 0 0 O O o o o0 o 1
1019 Ziziphus mucronata Willd. Rhamnaceae mph Sz

1020 Ziziphus spina-christi (L.)Desf. var. microphyllathst. ex A.Rich. Rhamnaceae mph Sz o 0 0 O O o O o0 o

1021 Zornia glochidiata Rchb. ex DC. Leg.-Pap. Th SG 0O 0 0O O O O O O 1

LF: Life form follows Raunkiaer (1934), Schnell (191), and Keay & Hepper (1954-1972):
MPh: megaphanerophyte (> 30 m tall), mPh: mesophamephyte (8-30 m), mph:
microphanerophyte (2-8 m), nph: nanophanerophyte (®-2 m), Ch: chamaephyte, HC:
Hemicryptophyte, Th: Therophyte, G: Geophyte (Gb: wth bulb, Gr: with rhizome and Gt:
with tuber), Hyd: Hydrophyte, L.: Liana, Ep: Epiphy te.

Chor.: Chorology: GC: Guineo-Congolian, GE: Lowaritzan, GO: Upper Guinean, S: Sudanian, SG:
Sudano/Guinean transition, SZ: Sudano-Zambezianlrapical Africa, Pt: Pantropical, PAL: Paleotrogi, and

Cos: Cosmopolitan.

Phytogeographgical districts: CO: Cétier, PO: Pdbig, Plateau, VO: Vallée de 'Ouémé, BA: Bassil®):ZZou,
BS: Borgou-Sud, BN: Borgou-Nord, AT: Chaine de 88bra, M-P: Mékrou-Pendjari.

Leg.-Caes.: Leg.-Caesalpinioideae, Leg.-Mim.: Legusae-Mimosoideae, Leg.-Pap.: Leguminosae-
Papilionoideae.

Presence/absence: 0: species was not recorded duritiield survey, which does not mean that trexigs is absent
from the area; 1: species was recorded duringield $urvey.
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PROPOSITIONS

1. Water availability — expressed as a functiomadrfifall, length and intensity of the dry season,
and air humidity — is the major factor determinthg vegetation patterns in Benin rather than the
annual rainfall amount considered aldttes thesis, chapter 3)

2. The semi-deciduous forest islands in the Dahoap are probably relics of a once more
humid and continuous forest that survived the Hetecdry period (4000-2500 years BBR)is
thesis, chapter 4)

3. The Holocene, in contrast to all other agesclpoand eras that are characterised by natural
evolutionary and geological phenomena, is distisiged by being the age during which human
activities have had a marked, and for the mostgdremely detrimental, effect on the rest of the
biosphergAlan Kazlev 2002)

4. Incorporating local values into projects helpswee that biodiversity conservation initiatives
are compatible with local concerns and builds respad trust between local communities and
project managers.

5. Always remember the past, for therein lies thtere; if forgotten, we are destined to repeat it
(African proverb.

6. Each moment of seeking is a moment of findifgk ‘moment van zoeken is een moment van
vinderi. (Dutch proverb)

Propositions to the thesis “Vegetation patterns awbironmental gradients in Benin:
Implications for biogeography and conservation”iside Cossi Adomou, 21 September 2005;
Wageningen, the Netherlands.



