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Nigerian Man and Biosphere research plots in Guinea 
savanna: floristics and structure of the vegetation 

- JOSEPH I .  M U O G H A L U  a n d  A U G U S T I N E  0. IS ICHEI  

Df~p'/7~i.tr?1c'til o f  Botanj., Ohaferni A1~~01on.o University, l le-Ife,  Nigeria 

Summary 

A study was made of the vegetation of three plots used in the Nigerian Man 
and Biosphere Research Programme for Savanna Studies. The aim is to provide 
detailed information on the vegetation of the plots which may possibly contribute 
to an understanding of factors influencing savanna structure and relative abun- 
dances of forbs, grasses and woody species. Results show that there are differences 
in the species composition of the plots. There are more forb species than grass 
species in each plot. The woody basal areas and crown areas of the plots do  not 
depend entirely on the density but also on the size of the woody species. There are 
differences in herbage yield in the plots that could be attributed to differences in soil /-/ 
properties, species composition and level of human and animal activities between 
the plots. 
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On a realisi. une etude sur la vegetation de trois sites du Nigerian Man and 
Biosphere Research Programme for Savanna Studies. Son but est de fournir des 
informations detaillees sur la vegetation des sites. qui pourraient contribuer i 
la comprehension des facteurs qui influencent la structure de la savane et I'abon- 
dance relative d'especes d'herbes, de buissons et d'arbres. Les resultats montrent 
des diffkrences dans la composition en especes dans les sites. Dans chaque site, il y a 
plus d'especes de buissons que d'herbes. Les surfaces arborees, tant au niveau du 
sol qu'a la cime, ne dependent pas entierement de la densite mais aussi de la taille 
des especes d'arbres. I1 existe des differences dans la production herbeuse des sites, 
qui peuvent i t re  attribuees aux differences des proprietes du sol, de la composition 
des especes et du niveau des activites humaines et animales entre les sites. 

Introduction 

In 1979, Nigerian Man and Biosphere (MAB) Programme Theme-3 selected ten 
representative monitoring plots of one hectare each in the Kainji Lake Basin in 
Northwestern Nigeria for savanna research. The aim of Theme-3 research is to 
determine the effect of management practices on vegetation structure, floristics. 
productivity and soil in natural Guinea savanna. The impact of late and early 



burning, tree density and cover, seeding of native herbaceous legumes and encour- 
agement of nitrogen-conserving grasses and harvesting were investigated with the 
aim of improving management practices in open rangeland. 

While MAB plots have been the sites of ecological studies (Usman, 1981; 
Sanford, Obot & Wari, 1982; Olaoye, 1985; Ero, 1985). detailed information on the 
plots is sparse. The present study is undertaken to provide this information. 

Study area 

The MAB Theme-3 project area is located in the Kainji Lake Basin in North- 
western Nigeria between latitudes 10" and 13'N, and between longitudes 3'50' to 
5"501E, and covers an area of about 64,000 km2. Ten representative monitoring 
plots of one hectare each, designated MAB plots 1-10, were demarcated within the 
least disturbed savanna vegetation of the area. Three of these plots, plots 1.3, and 7 
were used for this study; out of the seven remaining plots. plots 2, 8, and 9 were 
cleared and farmed on by the local population while plots 4 and 5 were inaccessible 
for most of the year. 

The area is within Nigerian Guinea Savanna (Keay, 1959). The mean annual 
rainfall ranges between 1000 mm and 1200 mm. The rainy season lasts from 
April to October and the dry season fromoctober to March. Mean temperatures in 
the area range from an  annual mean minimum of 20'C to a mean maximum of 
35'C. 

The area is underlain by rocks of the Basement Complex, nupe sandstone and 
by more recent aeolian, alluvial and colluvial deposits (Pullan & de Leeuw, 1964; 
Klinkenberg & Hildebrand, 1964; Vallette & Higgins, 1967). The soils are classified 
as ferruginous tropical soils (Nnadi & Balasubramanian. 1982). 

Materials and methods 

Within each site, the 1 hectare plot was divided into four equal quadrants. Five belt 
transects (25 m x 5 m) were randomly placed in each quadrant. Every tree and 
shrub (I m high and more) within each belt transect was counted and identified to 
species. The girth was measured at breast height (GBH) for specimens > 3 m high 
and at mid point for those < 3 m. The girth measurements were used to calculate 
the basal area for each species. The height of each individual tree was measured 
using an Haga altimeter. Tree canopy cover (crown area) was measured by taking 
two diameters at right angle to each other across the canopy of the plants, one of 
which was the maximum diameter for the plant. The area ofeach plant canopy was 
calculated from the formula ~ C D ~  (m)/4, where D is the average crown diameter. 

The data from belt transects were used to  estimate means and variances for 
the variables in each quadrant. Plot means and variances were estimated as for 
stratified sampling (Cochran. 1963). 

The herbaceous species composition ofeach site was described by an analysis at 
the time for peak biomass of 25 m line transects placed in the belt transects. At 
every metre point the presence of a species was noted and the total number of 
individuals of each species was counted for each transect. 



I-lcrbage yield was cstini;~tcd at pc;~k st;~nclingcrop in October by rantlomly placing 
k t  50 em x 50 cm c l ~ ~ a d r a t  in the plots ant1 clippitig the hcrbnccoi~s ~ii;~tcri;\I al lhc 
grountl Icvcl. . rhc  clippctl rn;\tc~.i;~I w;ts sortctl into I'orbs ;~n t l  grasses ancl ovcri dricrl 
;I{ SO C to a constant \vciglit ancl \vci~lictl .  The  ovcri-tlry wciglits at-c 11scrl to 
cstimatc h c ~ . h : ~ ~ c  yicltl. One Iluntlrcd s;~tiiplcs wcrc t;\kcti i l l  c ;~ch plot. 

0 1 i c  Ii~111cIt.ctI soil s ;~~i ipIcs  WCI.C r;~tidotiily I;\ kc11 ; i t  15 crn clcptli in cacli sitc to 
t.cprcscn[ the Iictcrogc~ioits co~icli l io~is williin tlic site. 'l'lic soil sa~liplcs \ \ ,c~-c ail.- 
ciriccl ; t~ id  p;tsscd through ;\ ? mni sieve. 'T'licy wcre n~ialyscd for: particle s i x  
distribution itsing the liydromcrcr mctliod ;tftcr d i s p c r s i o ~ ~  \vi~Ii sotlium lics;\mct;~- 
phospli;~tc; p l t  in I :?  soil IN KC1 solittion; organic m;1ttcrcontcnt hy the WaIkIcy 
Ill;~ck mcrlioti: cscli ;~ngc;~blc c;ttions (<';I; Mg; K; Nil) i t1  IN ;tmtiionii~ri~ ;Ic.clatc 
cstt-;1cLs by Il;\ti~c ~d~oto t i i c t ry  ( K ;  N;I) anci atomic ;~bsor-ption sl?cctroplloto~nct~-y 
(Ca; Mg);  total nitrogen by the K.jclcl;~lil ~llcrhod; ca t io t~  cxclia~ige calx~city I7y 
the n c u t r ~ ~ l  tii;~gncsiuni acct;\tc method; and :~vailitblc pliosphori~s by tlic l11.;1y I 
mctliotl. 

Ilc,t.hric.c*or~.s .s/)c~,ic,.s. Species nomcnclat urc is in ;~ccordancc wit I1 H t~tcl~itlsoli 
& I3alzicl's Flora 01' West Tropical Africa (1054- 1972). Tlicrc arc 27 hcrh;~ccot~s  
spccics ( I0 grass species; 17 Sorb spccics) in plot 1.43 licrbnccoi~s spccics ( I5 grass 
spccics: 28 1'01.b S ~ C C ~ C S )  it1 plot 3 illid 30 I ~ C ~ ~ ; I C C O L I S  species (0 grass spccics: 17 I'orl, 
species) in  plot 7. In all the plots the ~ i u m b c r  ol' forb spccics is greater tliktn the 
nutiibcr o1'gr;\ss spccics (almost d o ~ ~ b l c  tlic 11~1mbcr of grass spccics). 

01' t he grass spccies. on1 y /f rr~lr~o/~ogr~/r ~ ( ~ Y I I I I I . S  ;I lid Xo//hoc~/litr r,oc-lritrc.lr i~rc~~r.vi.s 
arc common to all tlic plots. Plots 3 and 7 havc morc spccics coliimnll lo h o ~ h  
01' tliem (Atrth~opogo~r .sc~lrir~c~~r.si.v: /~/~~/)tr/.r.lrorici i ~ r v o l ~ r c ~ ~ ~ o ~ ~ r ;  11. r.11/~1: H.\*/~c*i./lrc*lio 
~I~,S.S~I/II/(I ;  . S ~ ~ I r i : ( i ( ~ / ~ , t ~ ~ ~ i r / ~ ~ r  .v(i~r,yrii/re~i~~ir) t1i:tti  with plot I . 

T h e  most abuntl;\nt grass spccics in c:~cIi oft l ic plots arc  as I'ollows: plot I I<. 
~ ~ o ~ ~ I ~ i ~ ~ c ~ / ~ i ~ r c ~ / ~ . v i . v ,  1.1. t y ( i , t~ i~ /~~r .~ ,  .%,r(iri(i /)rorri/~r anti . ~ ~ ~ ~ ~ / I ( I . ~ I I ~ I / I I I  / )~ / )o / I I I (~ I I I I~ I ;  plot 3- 
. , I .  ,ylr,t~li~rr~.v, ,~ftr~I~~o/)o,yo/r .v(~lrirc~~~.vi.s, /li,yi/(rr.i(~ li/.,yi//(ii~c~i, / I ~ \ * p c ~ / ~ ~ ~ / / ( ~ t r i ~ ~  ~ I I I ~ O / I ~ ( ~ I ~ ~ ~ / ( I .  
/ I I I ~ I / ~ / I  l i . v 1 1 1 /  I / I / I  I I ~ ~ I I I ;  I I 7 .A .  .s~.lrii~c~~r.vi.s. 
/ I .  i/rl~oliic.~.cirtr, S. .sri~r,yrii~rr,l/~~r ant1 itnidcn~iliccl spccics. 

Five 1.01-b spccics ;trc common to all Ihc plots. nanicly Uorro.ici .SC(I/)I.[I. ('ct.v.vio 
/rri~iro.~ciit/(~.s, .\lo/roc.lr/irt~ i~il ic~~r~trr .  I'citrclir~licr lrc~ritk~lo~ii ;111tl I,'i<y/ro ~.(ic.cv~ro.vct. I'lots 
3 anti 7 li;tvc more spccics in common than cithcr plots I and 7 o r  I and  3. l ' lic tnost 
common I,rh spccics in tlic plots ;ire: plot 1 --A.v/~ilir/ Irc~lirr~r/l~oi(l~~.~.  /Io/.i.or.ici 
.sc~(i/)/~(r, C'i.v,~/r.v ~~/rI~i~yi/ro.v(i, /Ii/~i,s(~r~.v (i,v/~c?/., hdo~roi~l~~irl i  (*i/i(r/i1/11, . S / ~ I ~ / ~ I ~ ~ / I ~ I ~ / I  
Ili/rc.j/i~lir[.s ancl I 'i,ytrc~ r.c/c.cl/tro.vri; plot 3 /I. .vc~tih~~cr, C'. /rri~rlo.voitl(~.s, C'cill.i/~.ci/~oitlc~,v 
/ ) / . l i c ~ ~ ~ . v ,  ~ \ ~ ~ ~ J / ( I I I / ~ I ~ ~ I ~ ~ ( I  l,i/Ii/)~ic,(r, P(III(/I'(I~(/ I~c~r~~lc~/o/ i i ,  1'. i~r~~o/r /c~~.c /~( i ,  LSc~l~~i .v / i ( /~~(~  
e~/ro/~roc,lc~i and I '. ~.oc~c*//ro.v(~; itnet plot 7 ,~t.v/)i/i(r (I /I .~~YI/I(I .  C'/YII(I/(II.~(I ~~ / i c~ / .o l . l i i~ /~~ i .  
/ I I ( /~X(~ /~ , I , ( /  / ~ / ~ ( ~ ~ ~ / c ~ o / ( i / ~ i ,  A!. l.i/i(i/r//)r i t ~ i c i  ' / ' ~ / I I I ~ J ~ I  /)crrt[,ri. 



l~l'oocl~~.spc~c~ic~.s. Tlicrc arc I0 woody spccics i n  plot 1 .  '27 in plot 3 ;111d 14 woody 
spccics in plot 7. 

Six woody spccics (h'rir.kctr ci/iic~rtrtr, Urr(\~t.o.sl7crt~rrrtti ptit.crtlo.vrrttr, .('ottrhrctutir 
spp.. I Ic~t(rt. i irt~~ t,ric~t~oc~trt.l)rittr and Tcrtnitlcrlir~ n~~ic~c~trtiioitlo.s) arc common to all thc 
plots wliilc plots 1 i lncl 3 have riiorc spccics in c?ommon than ci111c1-  lots I ;lnd 7 or 3 
and 7. I'lot 3 has tlic highest ~ l i~n ibc r  ol'wootly spccics I'ollo~vctl by plot 1 ant1 plot 7 
has the lo\vcst numbcr of'spccies. 

.The dominant woody spccics in cnch oftlicsc plots in tcrrns ol'tlensity arc: plot 
I - -  Ac~crcaitr spccics (Accrc*i(r ,qorrrtjr(~(~tr,si.s; Ac-(rc,i(r 1roc.kii. .,I(~~c,icr t r i /o ! ic~t~) ,  Atro,qc~i.v.v/r.s 
k,ioc,crt.l)rr.s, Cotirl>rc>lut~r spp., and Pro.vopi.s r!/i.ic.ntrrr; plot 3 :  /Ic.crc.ic~ ,gorrrttr(rctr.sis, 
I~t.it/olirr ,/i~t.rr/,yitrc~rr, Dlr!,r~t.o.vpcrnrrtrlr ptrrrrt/o.rrrtti, Cottihrcrrittr spp.. (;(rrclc.trirr e,r~r- 
ho.vc~~tr.v. Isol~orlit~icr !r)ttror!o.vtr, L(rtrtrctr crcirltr, A4c1ytctrrr.v .sc,trc~,yol(,tr.vi.s. 7i~rttiitrtrlicr 
cti~ic~c~trrrioic/t..v, and Xitrrrtiirr rntic~ric~rrtrtr; plot 7 :  Atrtrotrcr .sc~tregalrtr.si.v. Urr~j~t~o.vpc~r.tt~rrt~r 

/~(rrcrcIo.v~rtir, Coti1/1rc~1/1t71 spp., D(~t(rri/it?r t~~ i (~ro i ; ( r t~ / ) r r t~r  ;I lid T ~ ~ r ~ t r i t ~ ( ~ I i ( ~  c~i~i(~c~irtrioi(/c~,s. 
S~I-cnscn  index of similarity bctwccn the plots shows th ;~ !  plols 3 ; ~nd  7 (IS,= 

50.36'%1) are n1c)r.c similar than cithcr plots 1 and 3 ( IS ,=48~281~l l  j or I and 7 (ISs= 
37.2 1'%) whcn all the specics (herbaccous and woocly spccics) or Ilcrbi~ccous 
spccics alone arc considcrcd. 1 3 ~ 1 t  when only woody spccics arc considered, plots 1 
a n d  3 (IS,= 56.52%)) arc more similar than cithcr plots I ant1 7 (IS, =42,42'Y0) or 3 
and 7 (IS, = 53.0G0/"). 

Plot 3 has the highest numbcr of species (70).  I'ollowcd by plot 1 (46) and plot 7 
has the lowcst (40).  

.Stt.//c~!rrt~c~ c ~ t ~ ~ l ~ ~ l r j ~ . s i o ~ ~ r o t ~ ~ ~ ~  

Woody species dcnsity, basal area, crown area and girt11 s i x  tlistrihution. 
The dcnsity :tnd basal area of the woody species arc sho\vrl in Table I .  In  

plot I .  C o t ~ i l ~ r c ~ r r t ~ r  spp. have tlic highest dcnsity of' I58 -t I X  plnnts ha - ' whilc 
C't~o.v.sol)lc1r.l's.fihri/iigtr, I)clcrriut~r tnicroc-(rtprrtir ancl / ~ I ~ N ( I ( I  (~h,i '~.vi~ri( '(r show thc 
lowcst clcnsity of 4 + 2  plants ha ' each. In plot 3. ( ' i ) t l / l l r ~ t ~ i t t ~  spp. still 11;lvc 
the highest nicnn density of 82+ 16 plants ha ' ant1 J~o.v~~~c~l l i t r  odornlrr, D(rtricl1icr 
o1il~o.i. Klrr~j~rr  .~a~cgtrl(~tr.vi.s and S ~ ~ r ~ i r l i ~ l  sc~igeru have the lowest mcan plant 
density of 4 + 2  plants ha - '  cach. In plot 7. 7i~rttritrt1liri tr~~ic~c~tit~ioir l(~.v 11:~s the 
highest plant dcnsity of 302) 20 plants ha ' followctl by I)c,lrrririrti tiric~t.ocrr,p~itt~ 
2 12 + I 8 plants ha ' whilc 1)crtricllia ol ivcri, S~~lc~1rno.v .spitro.\.tr anti Tric,hilicr ct>ic~ticcr 
have thc lowest. Though plot 7 has the least number of \voody spccics. i t  has the 
Iiiglicst mean pl;lnt ctcnsity of 742+34 plants hn ' of all the plots I'ollowcd by 
plot 3. 484k20  plants ha ' .  Plot 1 has tlic lowcst plnllt dcrisity ol '458k20 plants 
11;1 - ' .  

/Itro~c~i.s.sri.s 1cioc.rrrl)ri.s contributed thc largest mcan basi~l : I I . ~ : I  01'4.25 & 0.50 m' 
l i ;~  ' (26!4,) in plot I ,  1.vohcrlitritr ~o~i lc~r i~osr r  3.50 +_ 0.27 tn' h ; ~  ' (3S1X1) in plot 3 and 
Or(r.kc~r c!/iic.rrtrtr 2.0 1 + 0.22 m' ha ' (38%) in plot 7 (7':) hlc I ) .  

Plot 1 h i~ s  the liighes~ rnciln basal arc:\ ol' thc plots cvci~ ~ho i~g l l  i t  has tlic 
lowcst woody clcnsity. There is i\ prupontlcri~ticc ofstenis in girth sizes 1-20 cm and 
21 40 ern in all the plots (Fig. I). Plot I has n higllcr ni~mbct- o1'rr.ccs in rhc Iargcst 
girth sizc tl1;111 the other plots (girth sizc > 100 em; plot I .  50 -1- X; [)lot 3.  25 _f 0; plot 
7 .  10 + 4  trccs l lu I ) .  l'lic occurrence ol'big trees sucll ; IS  .&,I. Ic~ioc~ci~~/~ri.v, 11. c!/i~ic~trtrtr. 
Etrttr(1ir ci/ i . ic~rt~(r, 1'ro.sopi.s c~/i ic~rtr(r and I '~oroc~crr~)~r,s c~ritr(/c~e,ri.v 111 plot I .  ~ L I S  

ccr t~tr ibi~~cd to the Inrpcr basill area. 
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Table 2 shows the mean crown cover ofeach species in the three plots. In plot 1 ,  
A.  1eioc.arpu.s and P. crfiicanc~ provide over 50% of the mean crown horizontal area. 
In plot 3, Bornhas cost~rt~cni, I. tor7ientosa, L ~ n n e a  mi& and P. ermcrceus provide 
over 44% of the crown area. In plot 7, B. africancr alone provides over 27% of the 
mean crown area. A comparison of crown area contribution per girth size class 
(Fig. 2) with the density of plants in the girth class (Fig. 1) in each plot highlights the 
influence big trees can exert on the environment irrespective of their density. 

Plot 1 has the highest mean crown area followed by plot 7 and plot 3 the lowest 
(Table 2). The ground area covered by mean crown horizontal area in each plot is 
greater than one hectare. This is mainly due to the vertical packing of some species. 

The general height distribution of woody species in the plots can be grouped as 
follows: trees above 7 m high, those 3-7 m and others less than 3 m. 

Thus the vegetation of the plots consists of a ground layer made up of grasses 
and forbs, a tree layer with trees > 7 m high making up 33.62% 7.64% 2.70%. a 
3-7 m tree layer, 28.6% 45.25% 45.61 O/O and < 3 m layer, 37.77% 47.1 1 O/O 5 1.69% 
in plots 1.3 and 7, respectively. Plot 1 has a higher percentage of trees above 7 m in 
height (33.62%) than plots 3 and 7 (plot 3,7.64%, plot 7,2.70%). All the plots have 
more trees in the less than 3 m height class than in any other height class. 

Hcrhage ~9ielci 

The mean maximum standing crop in the plots is 3 16.85 5- 28.93 g mp'? 246.08 f 
30.27 g m-'  and 221.575- 20.08 g m-* in plots 7, 3 and I, respectively (Table 3). 
Grass species contribute 75.33%, 93.08% and 94.31 O/O of this in plots, I ,  2 and 7, 
respectively, while forb species contribute the balance in each of the plots. 

Soils 

Table 4 shows the physical and chemical attributes of the soil in the study plots. 
The soils of the plots are slightly acid. Differences in soil particle size are most 
pronounced in the percentage sand and silt contents of the plots. 

Discussion 

There are more herbaceous and woody species in plot 3 than in either plot 1 or 
plot 7. Dominance is less pronounced in plot 3 than in the other two plots. This is 
very clearly shown by the woody species composition of the plots where two species 
together contribute 48% and 69% to woody densities in plots 1 and 7, respectively. 
The difference in species composition is likely to depend on differences in soil 
properties and other factors which affect species composition. The closer similarity 
in woody species composition between plots 1 and 3 is because they are physically 
closer to each other than to plot 7. The highest species diversity obtained in plot 3 
could be attributed to the greater disturbance than in the other two plots. More of 
grazing activity by domestic animals goes on in the plot. 

Woodts plrrnt density, basal area and croH1n arecr 

Woody plant basal area and crown area of the plots do not depend entirely on the 
density of the woody plants in the plots but also on the size of the trees. This is most 
















