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Abstract

The study illustrates , using both light and scanning electron
microscopyr,_ 320 Sudanese plant species of which the pollen grains ofrpre than '/^ are described for the first time. The material examinedrs selected ii,Ilpng the recognised ecological .indicators , endemicspecies , and taxa recorded in euaternary deposits of Sudan.

Notes on habit habitat and distribution (with maps uherepossible) for each of the species examj.ned is included. fn pollenidentification , an illustrated master key comprising 20 poiten
classes was constructed , followed oy a aitaitea ithistraied key tothe pollen types.

Comments related to previous descriptions are aLso included anddiscussed.
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CHAPTER
Introduction

The study of pollen nrorphology , being dependant on the use of
microscopes , is the dj.rect consequence of the inventions and
advancements in optical technology in the middle of the seventeenth
century. Ftom this date onwards , various pollen rorphological studies
have been made to advance knowledge in morphological botany , or to
supplement the taxonomic description of plants.

PoIIen grains , with their special morphology , offer many
characters of taxononic value at the family , generic or specific
level. Pollen identification is important in various fieldi of science
such as historical phytogeography , ouaternary palynology . Quaternary
geology , palaeobotany , palaeoecology , archaeology , aeropalynology,
melissopalynology etc.

Regional and local pollen floras and pollen identification for
some parts of the Airica are very well established : Central Africa
( Assemien 1955) , East Africa (Bonnetille & RioIIet 1980) , fropical
Africa (A.P.L.F. 1974't , South Africa (van zinderen Bakker 1953 ,
1956 ; Van Zinderen Bakker & Coetzee lg1g) , Ethiopia (Bonnefj.tle 1971
a , b) , NigerLa ( souunmi 1973) , Ivory Coast (ybert 1979) , Tchad(Maley '1970) and Afrj.ca (Van Campo 1957 , 1g5g , 1960 t Van Canpo &
Halle 1959 ; Van Campo e'L al. 1954 , 1965 ; Bronckers 1967 , Guinet
1958 , tobreau et at. 1969 , cuers 1970, Guers et al. .1971).

Fossil polIen grains are valuable indicators of conditions in
the past and can be used in the reconstruction of past floras and
past plant populations (Birks 1973) , and past plant corrnunities
( Reyment 1953 , Iversen 1954 , Andersen 1961 , Davis 1967) , as urell
as past environments (Birks 1979 , Grichuk 1969 , llebb & Clark 1977)_

Although the importance of vegetation history had been
recognized since the 19th century , littLe progress had been madeuntil Lennart von post (1918) laid out the iundamental approach ofquantitative pollen analysis. Though the techniques and Lquipment have
been developed and improved since then , the basic methods remain the
sane (Birks & Birks 1980). Houever , the subject gained rnmentum and
hence recognition some five decades ago in North-iiest Europe and North
America. Through time , results have become more accurate and
detailed , Ieading to neu dimensions in our knowledge of vegetatioo
history. The interaction of man and his envirorunent and the vegetation
response to climatic changes through tine have now been traced in manyparts of the world ( Hooe & Webb 1983 , Bartlein et al. 1984 sabatiei
& Van Campo 1983 ) .

Sudan , a large tropical , subsaharan country approaching onemillion square mj.les in area , has received very tiitte-pollen
analytical attention. Evidence and ./ or data of climatic and
vegetational changes in Sudan has been obtained from studies on :
movement of former vegetational belts (Iickens 1975a) ; paleo_lakes
(Pachur & Kropelin 1987 ; Haynes et a!. 1979,, ; sand dune trends(Warren 'l97Ol ; fluctuati.ons of uater levels .in Blue and lthite NiIe
( Adamson et al. 1980 , Williams & Adamson 1973 , 1974) ; fossilplants , fruits , seeds and impressj.ons (wickens .t 925b, Colchester'1927, Arkell 1949, Mehringer 1982) ; sub-tossil aquatic and landsnails (Haynes & Mead 1987 , pachur & Kropelin 1gg7l , and fossil
savanna and domestic faunas ( pachur & KropeLin 19g7 , shaw 1936).

Pollen analytical evidence in Sudan is represented by the work
of Mehringer (19821 , Haynes (1987) Ritchie (1987) , Ritchie et aI.
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(1985) and Ritchie & Haynes (1987r. AI1 these studies were done on the
fossil-bearing Holocene lake sediments from Northwestern Sudan ( Bir
Artun , Selima oases and Oyo).

Although this evidence has established that changes in climate
and vegetation have occurred , a firm pollen analyticar background for
the vegetational history of the whore country is not yet available.

a- Aim of the study :

The present study was designed and conducted to furfirl
the following aims : 1- to provide a preliminary survey as a basisfor future sLudies in this field in sudan , z- io document the
morphology of sudan's pollen grains to provide a pollen referencematerial for both porlen analysis of 0uaternary deposits and
aeropalynology , 3- to construct illustrated keys to facilitate therecognitron of the species under study , and 4- to provide additionalor confirmatory characters to be used in plant taxonomy.

The application of this study is not , however , Iimited to theRepublic of Sudan , because of the wide floristic regions it includes.
According to white (1983) fig. 1 , the forlowing floiistic regionsexist in Sudan :

a- Sudanian Regional Centre of Endemism.

b- Sahel Regional Transition Zone

c- Saharan Region Transitional Zone-

d- Guinea-Congolia ,/ Sudania Regional Transition Zone.

e- Somalia-Masai Regional Centre of Endemism.

b- Previous Iork :

Pollen morphological studies in Sudan are few. El Amin (1gTZ')
recognized 4 pollen typ,.rs in sudan Acacias correlated with thepresence/absence and dimensions of the sti.pitate glands.

other previous work done on sudanese plant species is outlinedin chapter vr , under the morphologic description of each taxon.
Reference is given only to sources dealing uith porlen morphol.gy.
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Fig. 1 Main floristic regions of Sudan and
countries sharing the sarie regions

other African

after White 1983
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CHAPTER II
Area of study

a- Geogrraphy t

Sudan is the largest country in Africa with an area of
957,498 square miles (2,496,138 kn'). It is bounded by Egypt in the
North ; by the Red Sea in the North-East ; by Ethiopia in the East ; by
Kenya and Uganda in the South ; by Central Africa in the South-t{est ;

by Chad in the West ; and by Libya in the North-West.

^ The stqdy area ( fig. 2t , Iies approximately-between latitude
21" 55'and 3" 53,N, and longitude 21'54'and 39u 30'E. It
represents a substantial portion <lf the transition between the
drought-devastated Sahe1 and the fragile dry savanna belt in Central
Sudan.

b- Climate :

The climate of the sudan [fig. 3) is whorly tropical and varies
from comprete desert north of 180 N through ."sion" of semi-desert
with rainfall of varying intensity and duration , passing southwards
into a continental equatorial type of climate with a considerable dry
season , even in the extreme south (Lebon 196s , t{hiteman 1971). Ttre
Red sea introduces certain maritime characteristics , but these are
confined to the narrou, coastal plain and the eastern slopes of the Red
Sea Hills (Ireland 19A8t -

c- Flora and Vegetation :

The flora of Sudan is relatively rich in species corresponding
to the wide range of ecological habitats and vegetationar zonei.
The frora of sudan has been studied by Broun and Massey (1929) ,
and Andrews (1950, 1952 , 1956). Other contributions towards regional
floras include crowfoot u9281 ; Andrews (1g47l ; obeid & Mahnpud(1968) ; Ahti et al. (1973) ; Hassan (19?A) ; and wickens (1976).
other aspects of the flora such as trees and shrubs , soir and
vegetation were studied by sahni (1968) , and wirlimott ( 1gsl)
respectively.

The vegetation of sudan has been described by Andrews (194g) ,
smith (19491 , Jackson (1953-54) , Harrison & Jackson (195g) , Lebon(1965t and t{ickens ( 1 976t .

Harrison & Jackson 's (1958) work still remains the nost
comprehensive study. According to variations in rainfall and soil ,
they recognized 5 main vegetational types (fig. 4).

I- Desert :

The average rainfarl is less than 75 mm,/annum. The vegetation is
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Fig.3
6

Climate at selected meteorological stations in Sudan.
(after walter & Lieth 196o)
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virtually nil except for the comparativeLy
grasses that germinate atter the rare rain
along h,atercourses.

f er,r ephemeral herbs and
shou,,er s and are localized

II- Semi-Desert :

The average rarnfall is 75-300 mm,/annum and is confined alm)stentirely to Julv and Augrust. This region has been divided into fivesuMivisions:

This lb器嵩。ttn[讐器諸篭貴器.鷺墨laS:Ittsifolia is
usually present in cOnsiderable anlclunts and in solne places becOmes

攀i満灘鞣醜璽尊鮨等:
Acacia ehrenberqiana replaces

A tortilis
The Red Sea cOastal plain differs very little from the rest of

the A tortilis― M crassifolia Desert scrub. Lycium persicum is a
characteristic shrub Of the area together with few halophytes on the
coast.

At the delta of River Cash (near Kassala)dense stands Of
Acacia ni10tica , Tamarix aphvlla and ziziphus spina―

christi occur

b― Sem■―Desert crassland on clay :
The main area Of this subdivision is the Butana 

′ "hich lies bet"een

i[:]!illi:i:i::IiIIttiS:;::::薇

isif:重電i:iily
supports A.melllfera. other
′ Blepharis edulis ′ cvmboっooen sp.

C― Senu― Desert crassland On sand :

:151::。 l:lll:e::c:I: ::::ril:意 e]:Fe:1・ al:n:°1長h:l::el ih:r:::n scatter

軋 ui::i::型詈11:fifli:pt,,:::e:';liCularly frequent in h0110ws

This :[b:f号 ::言。蹄 I                         l:el::I::[]:'in
melllfera are the most abundant bus

出

gt:I:III:1:i:a鍮

胸lisi:::][1[」llii[ili::[:[]ii[i:::i:i[lli[|::::[h:f II:hRed Sea

cuneata ′ E thi and Delonix elata.

III―  Woodland savanna :

[1: 0ざ:::::i:lilfalla::e:0!「 151:n:詈
/annum  The main constitutnt of
fires are the limiting factOr in

determining the climax vegetatiOn  MOst species are fire resistant and
the vegetatiOn is of mixed grasses and bushes with or withOut trees.
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According to the amount of rain , this region has been divided j.nto i

A- Iou Rainfall woodland Savanna :

This covers most of the central Sudan. In the drier parts , the trees
are nearly all thorny and small dominated by Acacia spp. In the
h,etter parts , broad-Ieaved deciduous trees become predominant.

This regj.on is sharply divided into two extreme soj,I types :

A-1- Lo Rainfall Toodland Savanna on Clay :

This covers tlpst of the east central Sudan and the areas surrounding
the flood region. It has been divided into three suMivisions :

A-1-a- Acacia nellifera Thornland :

i- on dark cracking clays , alternating uith
grass areas.

ii- on hill-soil formed in situ associated uith
Comniphora africana and Boscia seneqalensis -

iii- A. mel l i fera-Comniohora Desert Scrub.

b- Acacia sevsl-Balanites Savanna alternating h,ith
grass areas.

c- Anooeissus-Coobretup haltpannianu[ Savanna
lloodland.

A-2- f-ou RainfaU Soodland Savanna on Sand :

This covers the greater part of the established sand dunes of Kordofan
and Dalfur in kest central sudan.
ft has been divided into :

A-2-a- Acacia seneqal Savanna

b- Coobretun cordof anun-Albizzia sericocephala-
Dalberoia Savanna. floodland.

c- Terninalia-Sclerocarva-Anooeissus-prosopis
Savanna lioodland.

B- High Rainfall [oodland Savanna :

This occupies most of Bahr al-Ghazal and Equatoria provinces. The
trees are mostly broad-leaved species , and thorn trees are relatively
infrequent.
This type is divided into :

B-a- Anooeissus-Khava-Isober I inia Tcrodl and :

The dominant species , Anoqeissus schimoeri , Khava seneoalensis and
Isoberlinia doka do not generally occur mixed together but j,n separate
patches on different soil types.

' B-b- Woodland Savanna derived troo Rain Forest :
characteristic species of larger trees are Terminalia olaucescens ,

Albizzia zvqea t Vi.tex doniana , Acaci.a campvlacantha and Anooeissus
schimperi. StrEIl trees include Combretum binderianum , crewia mo]lis ,

Annona chrvsophvlla , Bridelia scleloneuroides and Donbeva
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quinqueseta -

Iv- Flood Region :

This region has been divided into :

a- High land :

The high land is rarely flooded ; the soil is sand and sandy loams.
Four types of forests are distinguished :

a-1- PaIm type : dominated by Hvphaene thebaica and Borassus
aethropium.

2- Poorly developed Broad-leaved type : similar to that of the
High Woodland Savanna (see above).

3- Mixed Acacia-dominated type : Acacia sieberiana is the
dominant species.

4- Acacia seval-Balanites occurring on clay soils.

b- InterEediate land :

This consists of land flooded during the rainy season and dry during
Uhe dry season. It is dominated i,j.th grasslands together with small
areas of Acacia seval-Balanites Savanna.

c- Suarp :

This is flooded from the rivers and inland "Khors,. so that the
flooding is deeper and lasts longer than it does on intermediate land.
Permanent suamp is dominated by Cvprus pal)vrus , uhile in seasonal
suarps the dominant species include Echinochloa staqnina and
E. pvramidalis.

V- l.lontane Vegetation ;

This differs from the vegetation of the surrounding plains due to the
effect of altitude and sometimes of high raintall. The four main
mountain areas are the Imatong , Didinga and Dongotona Mountains in
Eguatoria , the Red Sea Hills in Eastern sudan , and xJebelr Marra in
Darfur.
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CHAPTER I11

Matcrial anild mcthods

a- Collection of the polLen materi.al :

This work involves a study of 320 phanerogams ( 20
monocotyledonous and 300 dicotyledonous species) be]-onging to 209genera and 79 tamilies collected either as fresh material in the fieldor taken trom different herbaria.

In selecting the material special attention Lras given to thefollowing :

- ecological r.ndicator species or characteristic species recognizedby Andreh,s fi948) , Harrison & Jackson (1958) and Wickens ti976)to dominate the different vegetational belts present in Sudan.

- endemic species existing in the difterent flolistic regionsoccurring in sudan as recognized by Brenan (1g7g, , faihtalan
( 1985) and White 0983).

- species recorded in Ouaternary deposites of Sudan as recognj.zedby Ritchie (1997t , Ritchie et a!. (1985) and Ritchie C Uiynes 
-

(1987).

After consideration of the korks by Bonnefille & Riollet(1980) , Van zinderen Bakker (1953 1gi6t , Van Zinderen Bakker &
999!?"e (1959t , Maley (1970) , Erdrman (1971) and Faegri & rversen(1975) some additional species were included. rhey were chosen so thatall the exisEing porlen types would be represented and arso to enrich
and. diversify some parts of the keys. So* g"n"iu such as Cassia ,Coqbretum , Hibiscus , and to a lelser exteit Indiqofera , erIfttand Polvqonum h,ere intensively studied.

0n the other hand , only a few representatives of the fourpollen types of the genus Acacia (EI Ami; 1972:ir5 cf. Appendix iableA) ,ere taken into consideration. In additi.on , since members of thefamily Gramineae (poaceae) have more or less similar pollen grains(Faegri & Iversen 1954t2531 , only a few representatives of the maingenera occurring in Sudan were taken into consideration.
The fresh polliniferous samples were collected mainly fronrKhartoum Province and Ed-Dinder (BIue Nile provincel in the-perj.odfrom February to April 1987. Besides native species , these alsoj.nclude cultivated crops and a few species tUit r^rere previouslyplanted and later have become naturarized. Herbarium ;ateriars includespecimens from all parts of the sudan ranging from the desert in theNorth , the High Rainfall foodland savanni t6 the south and theMontane vegetation in the West , Centre and East. The herbariumsamples were obtained from :

- Bc : Herbarium , Botanical Institute , University of Bergen ,Bergen , Norh,ay.

- EA : East African Herbarium , Nairobi , Kenya.

- K : Royal Botanical cardens , Kehr , U.K.

- Kltr : Herbariun , Forest Research and Education Institute ,Soba,Khartoum,sudan.
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- KHU : Herbarium , Khartoum Universrty , Faculty of Science
Botany Department , Khartoum , sudan.

- LD : Botanical Museum , University of Lund , Lund , Sweden.

- NCRH : Herbarium , National Council for Research , Institute of
Medicinal and Aromatic Plants , Khartoum , Sudan.

In cases where no Sudanese specimens could be Iocated , polLen samples
from neighbouring countries have been used. These are labelled r"rith an
asterisk (*) in the descriptions-

To avoi.d pollen contamination and to ensure that the pollen
sacs are not empty , flokers or inflorescences uere collected as far
as possible at the bud-stage or just at the point of their opentng.

b- Pollen preparation :

For a comparison uith fossil material the extra-exinous oiI
and other rnterstitial inclusions , cytoplasm and intine of modern
pollen grains should be removed. Theretore , the pollen grains were
chemically treated u,j.th 103 KOH and acetolysed so as to get rid of all
superfluous matter which obscures the exine characters. Acetolysis was
carried out according to the standard acetolysis method for recent
po]Ien gralns (Erdtman 1934 , 1960 ; Faegri & Iversen 1964, , 1975)
and Corvlus avellana was used as a marker pollen. The procedure is
summarized in the Appendix (tig. A).

After chemical treatment and staining with basic fuchsin the
sample uas stored in water in a small stock vial. This stock pollen
sample was then used partly to make the voucher slides for light
microscopic (tpl) examination and partly for the preparation of the
Alrninum stubs for the scanning electron microscopic (SEM)
examination- AII the sanples prepared (vials and voucher slides) have
been deposited at the Botanical Institute , University of Bergen and
Botany Department , Faculty of Science , University of Khartoum ,

Sudan.
Voucher slides were rpunted in 85t glycerol and sealed with

paraffin wax. LI'1 examination was done with a Zeiss microscope using
phase contrast (ph) objectives X 100 magnification , eyepiece X 10
magnification and phase contrast condenser lenses (NA = 1.4). LM
photographs were taken urith a Zeiss axiomat.

SEM examination was done kith a Jeol JSM-T200 microscope Uith
25 kv acceLeraring voltage and I rm working distance. SEt,l photographs
were made u,ith a (6X7) Mamiya Camera.

c- Measurenents :

The dimensions of the polar axis (p) , equatorial axis (E) orthe dianeter (D) of aII the po]Ien grains investigated were measured-
The mean value (X) of 20 counts , and the range for each parameter ,
standard deviations and the ratio of polar and equatorial axes (p / E)
uere calculated. The measurements urere taken from different parts of
the slide , since smaller grains tends to rcve toh,ards the edges when
the cover-sli.p is put on ( Brookes & Thomas .1957).

」
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. T!" number of pores_on isodiametrj.c , periporate poLlen wasestimated from the ratio of the distance betueen centres of th,oadjacent pores (chord) (C) to the diametei oi ine grarn tol(McAndrews & Suranson j9d7). The graphic correlati.on betu,een the ratioof C/D and the nurnber of pores ii given in ine-appenaix (fig. B).The dlameter of 20 grains oi corvlus aveliina r,rere miasured foreach preparation and averaged. sinceE6Ez"it tt* pollen grainsvaries according to the chemical treatmenis - 
iraegr i c rversen 1965:221; Andersen 1950 ; Christensen 19115) , 

-ih"- 
iu."u."ments taken wereconverted to the "standard srze,,. Ihis is achj.eved Uy aiviaing thesizes measured (p , E , D) by a ""nu"."ion-i"lior <*t. This conversionfactor (k) , is the ratio of the measured 

"ir"-ot C.avellana for eachpreparation to the srandared mean size of c. averranilll7T.,mi-ir."sii& Iversen 1954:22j , 222) and paegri & fveiln:t t geg in press) .

d- Species description and terninology :

A uniform system of pollen morphorogical description wasfollowed.for all the specimens 
"*.rinuJ. 

-ii^ii"n 
u 

"aucv 
, standarddescription and terminolosy of rhe i;;a;.;; allcriuing the rang of arlpropable variation are needed 

"o tnat jesciipiion" can be meaningfullycompared. The definitions_and terminofogy ,-ii"iud in the glossary ,follou various authors : 
-Rrdtman tlSSi-i'lglii"tor .shape classes(table B Appendix) , Kuyle et af. ffS5Si i.i'"},"o" in polar view (fig.c., Appendix) , Faegr i c.fversen (SSO , igil.-'," 1g7il for pollenclasses , apertures , "*il:., u"a .oiu."ti"J-,'ru"g.:. & rversen (1975)and Praglooski & punt (1973) for ""ri;i;;i;;.' 

'
During this study , a wide diversiiv"ot enooaperture morphologywas noticed , but its description ,i" n.i-io""rir" using previouselypublished definirions. rhereiore , ,t ;;; ;;;;;;"r, to reassessendoaperture description and then a.-."""t.r.i"I tey applicableth:?yshoyt the rans of variation (Ei d;;;i;-: Iubmitted forpublication- , Appendix). other p"ri""- ,..pt.tolicat features havebeen adapted from various other.iources. a'sio"i..y of these termsfolLot"red by their citation i" sj.u"n- ii-.t "oi"I"vri.Por each species in addition to poii en- norphologicaldescription , the svnonvm("1 , ""ina"ur;;'il"i:; , habir , habitat(if knoqrn) distribution-, previous ,o.f. ,'*ii.ial exarnined ,determinative (when specifieiD ."d-in"-"it. oi'ilpo"ition arerncluded. The nomenclature , synonym(s) , habit and distribution areafter Andrews (1950 , 1952-, fiSii. up_autirn'"f'names and synonyms int99i!ion to habitats (unress otherwise "pu.rii"ir folrors wickens(1975) and El chazali (1985)_

e- llicrognaphs :

Both light microscopic. and scanning electron microscopi.cmicrosraphs are include.l in tni".iirav."i"ill!'iin"rrise specified,horizontal lines below the scanning 
"i..ir"n-iil.ographs areeguivalent to 10 pm each and tfrose 

-leiow -i 
iehl-;...o".opic micrographsare equivalent to 25 prn,

f- Literature :
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Relevant previous work on each of the species investigated was
obtained after an extensive literature survey of the indices of
bibliography by Thanikaimoni (1972 , 1973 1976, 1980) , and the
journals Grana , Pollen et Spores , and Review of Palaeobotany and
Palynology. A list of these references is given on page 349.

g- Abbreviations used in the text :

- Ar. : Arabic language.
- D : Diameter.
- Det. : Determinative,/s.
- Engl. : English language.
- G. : Greek.
-k :Conversionfactor.
- LM. : Light microscope.
- Mts. : Mountains.
-P :Polaraxis.
- SBll. : Scanning electron microscope.
- Syn. : Synonym,/s.
- fr. : Translated.
- Vern. name,/s : Vernacular name /s.

h- Brglish equivalents of Arabic r.rords used in the text :

- "Harig"
- ttJebeltt

- ttKhort'

- ttQoztt

- "Wadi"

Fire.
l4ountain.
Seasonal stream.
undulating sand-dunes.
valley.

―

二
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CHAPTER IV
Species description

320 species belonging to 209 genera and 79 families aredescribed here- They fall into 20 p6tt"n ,".pnoiogica, types.Most of the polren grains are tricorpate .i-Iii..rporate-Pollen morphological characters in the descripti.ons follow theseguence : shape class , shape in polar vieur , aimensionr-, 
-poif"n

class , apertures (ectoapertures and endoapertures) , exine ,columellae and sculpturing. These criteria 
"."-ih"n forlowed by thedescription of ecologicar characters such as habit , habitat ,distribution and where possibre the fr.owe.ing--"no fruiting seasons ,and pollinating agent,/s.

The collector's nanne and number , date and place of collection ,determinative and date of determination inJ-ti"-pr""" /s of. depositionof the herbarium materiar of the specimens examined are arso given.severar polr.en grains are described heie for the first time.The families are-arranged alphabeti.afiV , tnu-up".ies and the generaare also arranged alphabeti.itfy within t.miiiu".
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Fanily : ACANttHACEAE

i"rf"ri. acanthoides vahl.

Shape Class : subprolate.

Shape in polar view : circular.

Dimensions : P = 155.9 um (120.5-150.5),
E = 128.8 um (120.1-135.7) , P/E = 1.21 k
= 0-88.

Pollen Class : tricolporate.

Apertures : composite.
Ectoapertures : colpi ovate-oblong ,

tapering at both ends , apices acute to
rounded ; endexinous membrane smooth.

Endoapertures : pores distinct ; with
closed costae , diameter r equal to the
width of the endoapertures.

Exine : semi-tectate ; tectum
thickness 8.9 t 0.7 um , undulating ;

ektexine thicker than endexine.

Columellae : distinct , amanged in a
reticulate pattern , widely spaced.

Sculpturing : per-reticulate ; hetero-
brochate ; reticulum continuous all over
the surface ; muri simpli-columellate ,

having a general waw appearance , with
columellae in the corners and along the
sides ; Iumina slightly angular , of varying
shapes, > 10 pm in diameter , diameter
larger than the width of the separating
muri, bottom smooth at the middle and with 1

or 2 rows of isolated ektexinous elements
running adjacent to the collumellae.

Habit : harsh prickly undershrubs.
Distribution : Northern and Central Sudan.
Previous Work : Bonnefille & Riollet (1980:
31,Pl.5,fi9s.1-10).
Material Examined : Dag Olav Ovstedal , July
1979. Coastal Province , Kenya. Deposited at
BG.

Comments :

Bonnefille & Riollet (1980) described
the pollen grains of this species as having
a verrucate ectoaperturate membrant.

Fig. 5 ′ SEM ′

equator■ al v■ ew ′ each
horizontal line
equivalent to 75 1」 m.

Fig.5,SEI,!,cIose-up
view at the aperture ,

FiS.7, tl,l , polar
vieu, , horizontal line
equivalent to 50 um.

|

|

|

J

一
■

多一了
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Barleria ventricosa Hochst. ex Nees.- Syn. B.qrantii Broun & Massey.

Shape Class : prolate-spheroidal.

Shape in polar view : circular.
Dimensions : p = 14g.3 pm (142.3_160-9),
E = 133.6 pm (123.2-145.4) , p/E = 1.11 , k= 0. 89.

Pollen Class : tricolporate.

Apertures : composite.
Ectoapertur€s : colpi elliptic ,tapering at both ends , edges-iif_Oetined 

,apices acute to rounded ; ina""inou"
membrane srpoth.

Elrdoapertures : pores distinct ; withclosed costae , {J3*"!". , "qu"i or slightlyless than the width of the u.toip".tures.
Exine : semi-tectate
thickness 14.5 t 0.7
ektexine thicker than

Columellae : distinct
the top , amanged in
widely spaced.

, tectum
Urn , undulating ;
endexine.

, thicker at
a reticulate pattern ,

Fig.B,SHq,
equatorial view , the
horizonta-L line is
equivalent to 75 prm.

Distribution map

¨
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Sculpturing : per-reticulate ; homc_brochate ; reticulum continuous all over thesurface ; muri simpli_coruruiiit" , smooth ,with cotumellae in-the 
"";;;;;;nd alons rhesides ; lumina t circular-fo-"figntfv

angular , of varying shapes , i-to um indiameter , diarneier-Iarglr-tnan tne widthof the separating muri , fotio* smooth.

Habit : erect strigose herbs. Distribution : Nuba Mts. , Eguatoria.Materiar Examined :.A' p"pp ag,a , sept. lgo2 , tritrea-Amasen. Det.E- Chiovenda. DepositeO ai'BG. 
-
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Blepharis persica (Burm. f. ) Kuntze.
- Syn. B.edulis (Forsk.) pers.

Shape Class : per-prolate.

Shape in polar view :intersub-angular.

Dimensions : P = 62.2 um ( 53.6-75. 4)
E = 30.2 pm (26.2-36.1) , p/E = Z-\G, k =0.84.

Pollen Class : tricolpate.

Apertures : simple , colpi slit-
shaped , with parallel sides , apices
rounded , sunken ; endexinous membrane
smooth ; costae colpi present along the
whole colpi , of uniform thickness.

Drine : semi-tectate , tectum of
uniform thickness ; ektexine thicker than
endexine.

Columellae : distinct , of uniform
length , regularly distributed , widely
spaced.

Sculpturing : micro-reticulate ; homo-
brochate ; reticulum continuous all over the
surface ; muri simpli-columellate , smooth ,r.rith columellae in the corners and along the
sides ; lumina circular , of uniform shipe ,
< 1 ;rm in diameter , diameter t equal orslightly larger than the width of the
separating muri , bottom with one columella
per each lumen.

Fig.9,SEtvt,oblique
equatorial view.

Fig. 10 ′ 口嗜 ′
equatorial view.

Habit : grey-pubescent woody herbs. Distribution : Northern andCentral Sudan.
Previous Work : Raj ( 1961:41 , Z3l .
Material Examined : Tore ouren 21zos , sept. 1961 , wallo province 

,Ethiopia. Det. K.H. , Nov. 1973. Depositei at BG.

Corents :

This species is characteristic of the Seai-desert vegetationaltype (Harrison & Jackson 195g). pollen i,rlentified as far as thethe genus Blepharis i; commonly recorded in Ouateroary deposits ofNorthwestern sudan (Ritchie lgg7 , Ritchie eg ar. 1gg5r.

コ

::111:11:う 1111111) 111
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Hvgrophila auriculata (schumaCh)Heine.
一れ    bn“ ぉ haに → Nees,

一 Vern. names : (Ar.)Abu Shwaika 
′ Hag el

Hvqrophila spinosa

moya.

Shape Class : prolate-spheroidal.

Dimensions: p = B9.g um (81.9-101.6,
E = 86.1 pn (72.1-100.1) , p/E = 1.04 k _
0.84.

Pollen Class : heterocolpate and / orstephanocolpate.

Apertures : 16, every 3 simple
apertures alternate with 1 composite one orall simple.
Siryle apertures : colpi tapering atboth ends , slightly longer'ttin tf,"composite apertures , wiih margo ;endexinous membrane smooth.
Coryosite Apertures .

Ectoapertur€s : colpi tapering at bothends , undulating ; endeiinoui memfrane
smooth-

Endoapertur€s : pores indistinct ,diameter t equal to the width of theectoapertures.

Fig_ 11
v■ew.

, SEIVI , polar

Exine : tectate , tectum perforate ;perforations r circular to sfigtrtly
elongated , in the lumina 

"f a;; reticulum ;ektexine thicker than ende*i.n". 
-

Colunellae : distinct , of uniformlength , regularly distriUui"J-, closely
spaced.

Sculpturing : supra-reticulate ;
homo-brochate at the inter"oipl',
reticulum continuous aI1 over the surface ;lumina angular, of varying-"n"p"", ) 2 u^in diameter , diameter i".g". tiran the widthpf tlg separating muri , U5ttom--perforate ;brochi smaller at the polar ;;;":

Fig。  12 ′ LM ′
equatOrial view.

Habit : hispid erect spinescent herbs. Habitat : weed of ,,Khor,, banks,watercatchment areas- Distribution : central and southern sudan.Previous work : cerceau-Lu..i"ui & Hideux <lggi:2) , Maley (1920:38 
,PI. 23 , fiss. 1 -?) , Raj c-s"*"n" (1966,50 ;-;i , pI. r , figs. g_12) , Raj (1961r?g , 81 , pr. -:ii , fig. 3) .Material Examined : R- oanielsen , Nov. 19g6. southern Kordofan , LakeAbyad , Sudan. Deposited at rcfU , BG.

厚
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Hvpoestes forskalei (vahl) soland. ex
- Syn. Justicia forskalei Vahl

(L.f.) Soland. ex Roem.
- Vern. name : (Ar. ) Mahlab.

Roem. & Schult.
, Hvpoestes verticillaris
& Schult_

Shape Class : prolate.

Dimensions : P = 62.2 prm (51 .8-74.5) ,

E = 39.5 pm (32.4-48.5) , P/E = 1-57 , k =
0. 85.

Pollen Class : heterocolpate.

Apertures : 9, every 2 simple
apertures alternate with 'l composite one.
Simple Apertures : colpi slit-shaped ,

long (from pole to pole) , perforated at the
bottom.

Composite Apertures :

Ectoapertur€s : colpi tapering at both
ends , apices acute ; endexinous membrane
smooth.

Endoapertur€s : pores distinct ; with
closed costae , diameter t equal to the
uridth of the ectoapertures.

Exine : tectate ; tectum perforate ;

perforations t circular , in the lumina of
the reticulum ; ektexine thicker than
endexine.

Fig. 14 , LM ,

Columellae : distinct , digitate , eguatorial view.
regularly distributed , closely spaced.

Sculpturing : micro-reticulate ;

homo-brochate ; reticulum continuous all
over the surface ; muri simpli-co1umellate ,

smooth , with columellae in the corners and
along the sides ; lumina angular , of
uniform shape , < 1 um in diameter ,

diameter larger than the kidth of the
separating muri , bottom perforated.

Habit : herbaceous undershrubs. Habitat : weed of "Khor.' banks.
Distr■ bution : Central and Southern Sudan.
Previous Work : Bonnefille & Rlollet (1980:33 ′ Pl. 10 ′ fig_ 1-7) ′
Bonnefille (1971 b:475 ′ Pl. 3) ′ Raj (1961:54 ′ 83).
Material Examined : El Chazali c27/84 ′ Nov. 1984_ Nuba Mts.′  Kaloro
district ′ Sudan. DepOsited at KHU ′ NCRH ′ BC.

Fig. 13 J SEM ′

equator■ al v■ ew.
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t
Justicia saleopsis T-Anders. ex C.B.Clarke.

Shape Class : prolate.

Dimensions : p = 73.5 pm (62.4-92.U 
,E = 50.0 um ( 35.2-57 .6) , p/E = 1 .41 k _

0. 85.

PoIlen Class : dicolporate.

Apertures : composite.
Ectoapertur€s : colpi slit_shaped ;endexinous membrane. srrcoth.

Ehdoapertures : pores distinct ; withclosed costae , diameter t equal to thewidth of the ectoapertures.

Exine : tectate , tectum perforate ;perforations + circular , 
- in the lumina ofthe reticulum ; ektexine thicker than

endexine.

Columellae : distinct, shorter
towards the colpi , equatorially thickened.

Sculpturing :

'peripheral area,r : micro-reticulate ;homo-brochate ; muri simpli_coiumellate ,smooth , with columellae in the corners andalong the sides ; Iumina < 1 pm indiameter , diameter larger tnin tfre width ofthe separating muri , Uottom perforated.ntrena area, : oblong , wittr *i"ao_reticulate insulae ; insulae li_zO.

Habit : hispid straggling herbs.Distribution ; oarfui , iuUa lais. , Equatoria.Material Examined : Tore ouren ZOB5I ; ;;;. --'1961 , Sidamo province , fthiopia. Det. K.H. ,Feb- 1973. Deposited at BG.

Comnents :
pollen identified as farrecorded in Quaternary deposits

Ritchie & Haynes 1987t.

Fig. 15 , SEJr,t ,

eguatorial view.

FiS. 16 , f,t4 ,
equatorial view.
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Northwestern Sudan (nitchie 198i
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*
Justicia matamnensis (Schweinf. ) OIiv.

- Syn. J.anselliana Broun & Massey.

Shape Class : prolate.

Dimensions: P = 35.4 um (31.6-38.0) ,

P = 21.8 um (20-6-22.2, , P/E = 1-62, k =
0. 87.

Pollen Class : dj-porate.

Apertures : simple ; pores with well-
defined edges , operculate ; operculum
deciduous.

Exine : tectate at the "peripheral
area" , tectum perforate ; perforations
t circular , in the lumina of the
reticulum ; ektexine thicker than the
endexine.

Columellae at the "peripheral area" :

distinct , regularly distributed , closely
spaced , equatorially thickened.
,trema areat' without colume1lae.

Sculpturing : "peri-pheral area" :

micro-reticulate ; homo-brochate ; fturi
simpli-columellate, smooth, with
columellae in the corners and along the
sides ; lumina t circular , of uniform
shape, < 1 pm in diameter , diameter larger
than the width of the separating muri ,

bclttom with columellae.
"trema area" oblong , with t circular
insulae ; insulae 8-10 , micro-reticulate ,

with isolated ektexinous elements.

Fig. 17 ′ SEM ′

equatorial view.

11111三 |=:::二 :==ヽ|:|:|::

Habit : erect or decumbent pubescent herbs. Distribution : Central
Southern Sudan.
Previous Work : Raj ( 1961:63 , 73) .

Material Examined : Tore Ouren 21001 , Aug. 1961 , Arussi Province
Ethiopia. Det. K.H. , Dec. 1975. Deposited at BG.

二 ‐

三|:|  :
Fig. 18 ′ LM ′

equatorial view.

Ⅲ■■脅摯輛 常精摯I17″ 賀 :
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*
Leoidaqathis collina (Endl. ) Milne_Redh.- syn. L.radicalis Hochst. ; L.schweinfurthii Lindau ;Russesqera collina rnarl-----.---...---.---.--:

Shape Class : prolate.

Shape in polar view : circular.
Dimension" , ! = 55.5 pm (4g.5_64.g) 

,

9 = :9.7 vm (32.4-42.1t , p/E = 1.42, k =0. 85.

Pollen Class : tricolporate.

Apertures : composite.
Ectoapertures : colpi elliptic ,tapering at both ends , .pi""" rounded ,margo present ; endexinous membrane smooth.

Ehdoapertur€s : pores distinct ; withclosed costae , diameter . equaf to thewidth of the ectoapertrr"". -'-

Drine : semi-tectate , tectum thickerat the intercolpi ; ektexine thicker thanendexine.

Columellae : distinct, slightly
longer at the intercolpi , 

-iirnorphic 
;those forming the reticufum .re larger thanthose in the lumina , regularly ai"t.iUuted,widely spaced.

Sculpturing : micro_reti.culate ; homo_brochate except-for rows ot-i_Z large brochion both sides of the colpi ; reticulumcontinuous a1I over the iurta"e ; murisimpli-columellate, 
"r*oih-, 

-ritt
columellae in the corners and sometimes alsoalong the sides ; small lumina ( 1 pm indiameter , diameter t equal or slightlylarger than the width of tt"-""paratingmuri ; large lumina ) 5 pm in diameter ;bottom of lumina with coiumeif"" , brochigenerally decreasing towards colpi.

Habit : pubescent herbs with sessile leaves.Distribution : fngassana oi"t.i.t.Material Examined.: A. p"pp eZi-, oct . ,lgl2 
,Eritrea-Sarae. Det. E. Cfriirvenaa. Depositedat BG.

COtrmentS :

Fig. 19 ′ sEM ′
equatorial view.

Fig。 20 ′ LM ′
equatOrial view.
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Nelsonia canescens (Lam. ) Spreng.
- Syn. Justicia canescens Lam.

Shape Class : oblate-spheroidal.

Shape in polar view : semi-angular.

Dimensions : P = 38.6 um (34.8*41.1) ,

E = 40.2 pm (39.6-44.3) , P/E = 0.96 , k =
0. 87.

Pollen Class : tricolporate.

Apertures : composite.
Ectoapertures : colpi ovate-oblong ,

tapering at both ends , apices rounded to
slightly obtuse , margo present , endexinous
membrane smooth , costae colpi present along
the sides , of uniform thickness.

Endoapertures : H-shaped, distinct.

Exine : semi-tectate ; tectum slightly
thicker at the intercolpi ; ektexine as
thick as the endexine.

Columellae : distinct , of uniform
length at the intercolpi , slightly shorter
near the colpi , irregularly distributed ,

closely spaced.

Sculpturing : micro-reticulate ;
hetero-brochate ; reticulum continuous all
over the surface ; muri simpli-columellate ,
smooth , with columellae in the corners
only ; lumina r circular to slightly
elongated , of uniform shape , < 1 pm in
diameter , diameter larger than the width ot
the separating muri , bottom smooth ;
brochi decreasing towards colpi.

Fig. 21 , SE!4 , oblique
polar view.

FiS. 22 , LM ,

equatorial view.

Habit : pubescent prostrate herbs. Habitat : weed of "Khor" banks.
Distribution : Central and Southern Sudan.
Previous Work : Raj ( 1961 223-24) .

Material Examined : EL Ghazali c1A/84 , Nov. 1gBA. Nuba Mts.,Kalorodistrict , Sudan. Deposited at KHU , NCRH ,BG.
Coments :

Raj ( 1961) described the pollen grains of this species astricolpate and with a prolate shape c1ass.

Ｔ
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Peristrophe bicalvculata (Retz. ) Nees.
- Syn. Dianthera bicalvculata Retz.
- Vern. name : (Ar. ) El nadab.

Shape Class : prolate.

Dimensions : P = 52.1 pm (45.4-51.4) ,
E = 34.5 um (24.2-42.41 , PyE = 1.51 , k =
0.91.

Pollen Class : heterocolpate.

Apertures : 9, every 2 simple
apertures alternate. with 1 composite one.
Simple Apertures : colpi slit-shaped ,

long ( from pole to pole) , apices acute ,
perforate at the bottom.

Composite Apertures :
Ectoapertures : colpi tapering at both
ends , apices acute ; endexinous membrane
smooth.

Endoapertures : pores distinct ; with
closed costae , diameter t equal to the
width of the ectoapertures.

Er<ine : tectate , tectum perforate ;
perforations t circular , in the 1umina of
the reticulum , indistinct ; ektexine
thicker than endexine.

Colunellae : distinct, digitate, of
uniform length , regularly distributed ,
closely spaced.

Sculpturing : supra-reticulate ;
homo-brochate ; reticulum continuous all
over the surface ; muri simpli-columellate ,
snpoth , with columellae in the corners and
along the sides ; lumina angular , t of
uniform shape , ( 1 pm in diameter ,

diameter larger than the toidth of the
separating muri , bottom perforate.

Fig. 23 , SEl,t ,

equatorial view.

Fig. 24 , f,l4 ,

equatorial view.

Habit : hispid erect much-branched herbs. Habitat : w€ed of "Khor,'banks. Distribution : widespread.
Previous tlork : Bonnefilre & Riollet (1990235 , pI. 13 , fig. 1-
14) , Chaubal & Deodikar (1966-6lz87) , Raj (1961:85 , pl. iA ,fig. 5).
Material Examined : El Ghazati G111/93, Nov. 19g3. Nuba Mts. , sudan.
Deposited at KHU , NCRH , BG.
COnmentS :

Pollen identified as far as the genus Peristrophe is frequently
recorded in Quaternary deposits in Northwestern sudan (Ritchie ig}ll -
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☆

nmbergia alata Boぅ 。 ex SiIIIS.

Shape Class : spheroidal.

Dimenslons : D = 68.8 μm (58.6-84.9) ′

k=0.94.

Pollen Class : syncolpate.

Apertures : simple , colpi spiral-
shaped , made up of a single band or
complex spirals ; edges irregular.

Edne : tectate ; tectum perforate ;
perforations r circular , distinct ,

irregularly distributed , widely spaced ; of
uniform thickness , ektexine thicker than
the endexine.

Colunellae : distinct , of uniform
length , irregularly distributed , closely
spaced.

Sculpturing : psilate.

Habit : pubescent herbaceous tr.liners.
Distribution : Equatoria.
Previous tlork : Chaubal & Deodikar (1966-
67:85) , Furness (1985:315) , Rao & Tian
(1974;22 , fig. 59 ; Pl. IIL l) , Raj
(961:25 , 71r.
Material Examined : Tore Ouren 20648 , Aug.
1961 , Shao Province , Koka Power Plant ,
Ethiopia. Det. K.H. , Jan. '1974. Deposited
At BG.

Fig. 25 ′ SEM

Fig. 26 ′ LM.

Coments : Distribution map
According to Faegri & rversen (1950) the term syncolpate is a

broad one and includes also the term spiraperturate (Erdtman i952).
Furness (1985) crassified this species under spiraperturate and
regarded syncorpate as another phenomenon resulting from further
development of the apertures. Karis (1929) regarded the term
syncolpate as misleading and to be avoided since several pollen
classes may also be syncolpate.

Ttre sculpturing is conformable with the description by Chaubat
& Deodikar {1966-67). The reticulate surface as described by Rao &
Tian (1974, was not recogrnized.
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Fadty : AIZ$CEAE

Aizoon canariense L.
- Vern. name :

Shape Class : prolate.

Shape in polar view : circular to
semi-angular.

Dimensions : p = 40.5 prm (33.2-46.il 
,E = 29.2 pm (26.5-39.g) , p/E = 1.39 , k =0.83.

Pollen Class : tricolpate.

Apertures : simple ; colpi slit_
shaped , apices rounded , slightly sunken ;with isolated ektexinous .f"*ini" ; costaecolpi present along the whole 

"olpi , ofuniform thickness.

Dcine : tectate ; tectum perforate ;perforations t circular , distinct ,regularly distributed , closely spaced ;uniform thickness , ektexin" 
"i thi.k 

""endexine.

Columellae : indistinct.

Sculpturing : micro-echinate ; spinesuniform , sometimes 2 or 3 groupeO together,irregularly distributed

Habit : spreading herbs. Habitat : sandysoil and rocky crevices
Distribution : Northeastern Sudan.Material Examined : Mac Leay. MiV f 961 ,Rrkowit , Sudan. Deposited it fHU.

ｆ

　
ｅ

Ｏ

ｈｔ

Fig. 27 , sEt4 ,

equatorial view.

Fig. 28 , f,!,1 ,
equatorial vieur.
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- Coments :

Distribution map
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This species is characteristic of the eastern parts ofAcacia Desert scrub Region on the sandstone sl0pes of the RedHills (Andrews 194g).
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Glinus lotoides L.
- Syn. Molluqo qlinus A.Rich.
- Vern. n€[me : (Ar. ) Remet.

Shape Class : oblate-spheroi.dal.

Shape in polar view : circular.

Dimensions : P = 30.2 pm (25.6-32.9) ,
E = 32.5 pm (31.1-35.21 , p/E = 0.93, k =
0. 85.

Pollen Class : tricolpate.

Apertures : simple ; colpi slit-
shaped , apices acute , slightly sunken ;
with isolated ektexinous elements ; costae
colpi present along the urhole colpi , of
uniform thickness.

Bdne : tectate ; tectum perforate ;
perforations I circular , distinct ,

imegularly distributed , closely spaced ,of uniform thickness ; ektexine as thick as
the endexine.

Colunellae : indistinct.

Sculpturing : rnicro-echinate ; spines
uniform , sometimes 2-3 grouped together ,irregularly distributed.

FiS. 29 , Sn4 , oblique
polar view.

:… :

Fig. 30 ′

equatorial
LM′
v■ ew.

Habit : aDDUal herbs. Habitat : silty Nile banks.
Distribution : widespread
Previous Hork : Rao et al. (1965:50 , fig. 1).
Materiar Examined : EI GhazaLL G56/gT , reb. 1gg7. Khartoum province 

,Main Nile bank , Sudan. Deposited at KHU.

Coments :

Rao et al.(1965) described the sculpturing of this species asstrcoth. In this study it is recognized as micro-echinate as revealedwith both LM and SEIut.

‐… … … … … … …                   」
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Farity : ALISISTACEAE

Limrophvton obtusifolium (L. ) Miq.
- Syn. Saqittaria obtusifolia L.

Shape Class : spheroidal.

Dimensions : D = 51.1 pm (41.0-61.5) ,k = 0.94.

Pollen Class : periporate.

Apertures : simple; pores t circular orslightly ovate , slightly sunken , edgesilldefined, operculate ; operculum
persistent , with smaller spines than therest of the surface.

Drine : tectate ; tectum imperforate ,of uniform thickness ; ektexine thicker than
endexine.

Columellae : distinct , of uniform
Iength , regrularly distributed , closely
spaced.

Sculpturing : echinate ; spines
polymorphic , of various shapes and size ,with broad base and pointed apices ,irregularly distributed , larger in diameter
than the columellae underneath.

"+-=* '
Fig. 32 , Lt't.

Habit : herbs with short rhizomes and radicar leaves.Habitat : aquatic. Distribution : central and southern sudan.Previous Work : Argue (1924 , figs. 3 , 1T) , Argue t1g16:172 ,fig. 18) , Raj & Saxena (1966:54 , pl. II , figs. 6_g).Materiar Examined : R. Daniersen , Dec. 19g6. Kordofan , LakeSheirkei.la , Sudan. Deposited at KHU , BG.

Coments :

Raj & saxena (1961) described the sculpturing of the operculumas.with dense granules- These granures.r...""gnized in this study asspines with the same pattern as the rest ot-ite-surface , but rathersmaller in size.

FiS. 31 , SEtt
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Fa●ily : AHARANTHACEAE

Achvranthes aspera L.
― Vern. names : (Ar.)Khasm el nasiba ′ Abu rukab.

Shape Class : spheroidal and sometimes
subspheroidal.

Dimensions : D = 23.5 um (19.9-ZZ .5)
c = 5.8, c/D = 0.25, k = 0.90.

PoIIen Class : periporate.

Apertures : simple ; pores ca. 60
(50-70) , t circular , with annulus ,
operculate ; operculum deciduous ,

sculpturing unlike that of the rest of the
grain.

E:cine : tectate , tectum perforate ;
perforations indistinct (t!,t) , but distinct
urith SHr{ , circular , regularly distributed;
of uniform thickness , ektexine thicker than
endexine.

Columellae : distinct, ) 1 pm in
diameter , of uniform length , irregrularly
distributed , widely spaced.

Sculpturing : psilate.

Fig_ 33 ′ sEM.

Fig。 34 ′ LM.

Habit : pubescent annual herb5 0r undershrubs. Habitat : weed of Nile
and ・・Khor・・ banks. Distribution : widespread.
Previous work : BOnnefille (1971 b:477 ′ Pl. 14) ′ BOnnefille &
Rlollet (1980:38 ′ Pl. 16 ′ figs. 12-17) ′ Nair & Rastogi (1966:6 ′
fig. 6) ′ Rlollet & BOnnefille (1976:71 ′ Pl. IV ′ figs. 14,19) ′ Van
Zinderen Bakker (1956:69) , vishnu―Mittre (1963:89) ′ zandonella &
Lecocq (1977:133 ′ Pl. IV′ A).
Material Examined : El Cha2ali C34/87 ′ Dec. 1987. Khartoum Province′
Blue Nile banks ′ sudan. DepOsited at KHU ′ BG.

Coments :
Amaranthaceae pollen is frequently recorded in ouaternary

deposits Of Northwestern Sudan。 (Ritchie 1987 ′ Ritchie & Haynes
1987 ` Ritchie et al. 1985).
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Alternanthera nodiflora R. Br.
- Vern. name : (Ar. ) Abu Tamra.

Shape Class : spheroidal.

Dimensions : D = 22.0 pm (18.9-25.3) ,

c = 12.6, C/D = 0.57, k = 0.g7.

Pollen Class : periporate.

Apertures : simple r pores ca. 8 ,

> 6 pm in diameter , with annulus,
operculate ; operculum persistent ,

sculpturing unlike the rest of the grain ,

with elongated ektexinous elements radiating
from the centre of the operculum.

Dcine : tectate ; tectum perforate
(SEl4) , perforations indistinct (U"l) , of
varying size and distribution ; ektexine asthick as the endexine.

Colunellae : indistinct.

Sculpturing : micro-echinate ; spines
blunt , in one row , irregularly
spaced.

Fig.35, SElq.

Habit : procumbent herbs. Habitat : r,re€d of cultivation and water-
catchment areas. Distribution : central and southern sudan.
Previous work: Maley (1970:33, pI. 6, figs. 14-15) , Riollet
& Bonnefille ( 1976:85) .

Material Examined : Wickens 1131 , Feb. 1g6a. Jebel Marra, zaringei,
Sudan. Deposited at KHU.

Coments :

Although the micro-spines present on the surface are distinctboth with u,l and sEl,4 , they were not reported by the previous
workers.

Fig. 36 , Ut4.
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Celosia arqentea L.
- Vern. names : (Ar. ) Ras eI shaeeb ,

Shape Class : spheroidal.

Dimensions : D = 35.6 um (32.4-42.1\ ,

c = 13.2, c/D =0.36, k = 0.95.

Pollen Class : periporate.

Apertures : simple ; pores 28 (10-50),
with annulus , present in depressions ,

operculate ; operculum deciduous ,

sculpturing unlike the rest of the surface ,

with isolated ektexinous elements.

D<ine : tectate , tectum imperforate ,

of uniform thickness , ektexine thicker than
endexine.

Columellae : distinct, < 1 pm in
diameter , of varying size and distribution.

Sculpturing : scabrate ; scabrae
t circular , < 1 pm in diameter , regularly
distributed.

Danab al―Kalib.

Habit : annual herbs. Habitat : lowland plains , weed ofcultivation and watercatchment €Lreas. Distribution : centrar and
Southern Sudan.
Agent of pollination : wasps (Faegri & van der pijl 1971).
Previous lfork: Bonnefirle (1911 b:479, pl. A), Bonnefirle &Riollet (1980:38, PI. 17, figs. Z't-25), Maley (1gZO:35, pt. 6,figs. 8-9) , Nair & Rastogi (1966:4 , fig. 1) ,lNowi.cke (1975:53) ,Riollet & Bonnefille (1976:71 , pl.rr , figs. 1-6) , vishnu-Mittre(1963:91) , Zandonella & Lecocq (19T2:132 , pl. II C).
Material Examined : EI Ghazali G/84 , Nov. 1ggl. Nuba Mts. ,
Madgolin (North-west Rashad district) , sudan. Deposited at KHU ,
NCRH , BG.

Coments :

This species is one of the comnonest weeds of cultivation inthe Acacia Tall Grass Forest Region (Andrews 194g).

Fig. 37 , SEl,l

Fig. 38 , LM.

:轟 |
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Celosia triqvna L.
- Vern- name : (Ar. ) Bambit.

Shape Class : spheroidal.

Dimensions : D = 22-4 pm (1g.G-27 .B)
C = 9.3, c/D = 0.42, k = 0.Bg-

Pollen Class : periporate.

Apertures : simple ; pores 23 (1g-45),
with annulus , present in depressions ,
operculate ; operculum deciduous ,
sculpturing unlike the rest of the grain.

Drine : tectate , tectum imperforate(tM) , perforations indistinct with the
SE'tl ; ektexine thicker than endexine.

Columellae : distinct, < 1 pm in
diameter , of r uniform length ,
regularly distributed, closely spaced.

Sculpturing : scabrate ; scabrae
t circular , < 1 pm in diameter , regularly
distributed.

:]::lilu:l::r:uli::[:I:lllg herbS・
 Habitat :

il:;ii;i l::II (1970:f:lli:lili°
)1:Ig:19::;;9

Material Examined : El Chazali c74/83 ′ Nov.
DepOsited at KHU ′ NCRH ′ Bc.

Fig. 39 ′ sEM

lowland plains.

′ Pl。  15 ′ figs.
′ Rlollet & Bonnefille

1983. Nuba Mts. ′ sudan.
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Pupalia lappacea (L. ) Juss.
- Syn. Achvranthes lappacea L.
- Vern. nime : (Ar.) Abu el lusiag.

Shape : spheroidal.

Dimensions : D = 29.5 um (24.7-34.0t
c = 7.9, c/D = 0.26, k = 0.8g.

Pollen Class : periporate.

Apertures : simple ; pores 47 (30-g0),
with annulus , operculate ; operculum
persistent , with peripherial pointed
radially-arranged processes.

Dcine : tectate , tectum perforate ,perforations ! circular, irregularly
distributed , closely spaced ; ektexine
thicker than endexine.

Columellae : distinct, < 1 pm in
diameter , of varying size , irregularly
distributed , closely spaced.

Sculpturing : scabrate ; scabraet circular , < 1 pm in diameter ,irregularly distributed.

FiS. 41 , SEM.

Fig. 42 , LM.

Habit : grey tomentose herbs. Habitat : weed of ,,Khor,' banks anddamp grasslands. Distribution : widespread.
Previous Tork : A.p.L.F. ('lgza:4g , pi. 1l) , Bonnefille & Riollet(1980:40 , pI. 1z , figs. 15-20) , Nair c nastogr (1955:13) , Nowicke(1975:53 , pt. x, fig. 59) , Riorlet c gonneiiii" i1;;;:;;; ;i. v ,figrs. 1-6, , vishnu-Mittre (1963:91) , zandonerra & Lecocg (1972:133,Pls. fV , IX ).
Material Examined : Er Ghazali G51/g3 , Nov. 19g3. Nuba Mts., Karorodistrict , Sudan. Deposited at KHU , NCRH , BG.
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Farily : AiIACAROIACEAE

fannea hunilis (O1iv. ) Engl.
- Syn. Odina humilis Oliv.
- Vern. name : (Ar. ) Layoun.

Shape Class : subprolate.

Shape in polar view : circular.

Dimensions: p = 4g.0 um (41.0-55.7) 
,

E = 40.4 um (32.2-49.81 , p/E = 1.19 , k _
1 .19.

Pollen Class : tricolporate.

Apertures : composite.
Ectoapertur€s : colpi tapering at both
ends ; with isolated ektexinous elements ;costae colpi present along the urhole colpi ,thicker at the equator.

Edoapertures : pores transversely
elqneated ; with converging costae , length( '/, the length of the ectoapertures.

Drine : tectate ; tectum imperforate ,of uniform thickness , ekteiine as thick asthe endexine.

Colunellae : indistinct.

Sculpturing : striate , vallae clearly
marked , thicker than the lumina , short ,running meridionally at fhe intercolpi and
changing direction by 90u at the polls ,of uniform thickness , interweaving ,concomitant with the columellae ; bottomsof lumina imperforate.

Fig. 43 , SEt"t , oblique
polar view.

Fig. 44 , f.tvt ,
equatorial view.

Habit : deciduous savanna trees or shrubs. Habitat : mixed Acaciawoodlands , lowland plains
Distribution : Central and Southern Sudan.Material Examined : wickens 1511 , Apr. 1964. Jeber Marra , Zalingei,Sudan. Deposited at KHU.

Coments :

This species is characteristic of the semi-desert vegetationartype (Harrison & Jackson i95g). porlen iaentiiieo as far as thegenus Lannea is frequentry recorded in or.i"inuiy deposits ofNorthwestern sudan (Ritchie 1gg7 , nitcnie-er-ai. 1985).
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Rtrus vulqaris Meik1e.
- Syn. R.villosa sensu Lester-Garland.
- Vern. D&!n€ : (Fur) Jawra.

Shape Class : subprolate.

Shape in polar view : semi-circular.

Dinensions : P = 30-4 pm (28-8-32.0) ,

E = 23.2 pm (19-2-25.61 , p/E =1 .31 , k =
0. 86.

Shape Class : tricolporate.

Apertures : composite.
Ectoapertur€s : colpi slit-shaped , long(from pole to pole) ; endexinous membrane
smooth ; costae colpi present along the
whole colpi , thicker at the equator

Endoapertures : pores transversely
elongated , totally covered ; with parallel
costae , meridional edges lacking , Iength
< 1/2 the length of the ectoapertures.

Hcine : tectate ; tectum imperforate ,of uniform thickness , ektexine as thick as
the endexine.

Columellae : distinct , of uniform
length , regularly distributed.

Sculpturing : striate ; vallae clearly
marked , branched , thicker than the lumina,
running meridionally , anastomosing ,
concomitant with the columellae ; bottoms of
Iumina imperforate.

FiS. 45 , SEtnt , oblique
equatorial view.

FiS. 46 , f,l,/t ,
equatorial view.

Habit : shrubs or sma11 trees. Habitat : gallery forests , ,,Khor,,
banks. Distribution : Central and Southe.n Suaai.
Material Examined : Kassas et al. 1154 , Dec. 1966. Jebel Dambobei
Sudan. Det. Collectors. Deposited at KHU.
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Sclerocarva birrea (A.Rich. ) Hochst.
- Syn. Spondias birrea A.Rich.
- Vern. name : (Ar. ) Homeid.

Shape Class : prolate.

Dimensions : p = 33.7 pm (29.6-3g.5) 
,

E = 23,7 um (20.7-26.2) , p/E = 1.42, k =0.93.

Pollen Class : tricolporate.

Apertures : composite.
Ectoapertures : colpi slit-shaped ,
endexinous membrane smooth ; costae colpipresent along the sides , slightly thicicertowards the equator.

Edoapertures : distinct, transversely
elongated , meridional egdes lacking oiindistinct.

Exine:tectate;tectum
ektexine thicker than the

imperforate ,

endexine.

Fis. 47 , rx
equatorial view.

Fig. 48 , l)4 , surface
vier^r.

Columellae : distinct , of uniform
length , regularly distributed , sometimes
concomitant with the vallae.

Sculpturing : striate ; vallae thicker
than lumina , long., running meriAi.onilly ,bottoms of lumina imperforaie.

Habit : savanna trees with pale-green bark and leaves tufted at theend of branchlets. Habitat , towiana prains-an6-,,145or,, banks.Distribution : Central and Southern SudanMaterial Examined : reference sride 350t ; Lab. Geol. euat. , CNRS ,Marseille , France. Herbarium material , c.o"r"tins 1e5 , uganda.Deposited at EA.
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Fanily : APOCVNACEAE

Menium obesum Roem. & Schult.
- Syn. A.honqel A.DC. ; Nerium obesum Forsk.
- Vern. nime : (Ar.) Shagar eI ssim.

Shape Class : spheroidal.

Dimensions : D = 53.0 um (47.5-50.1), k
= 0. 87.

PoIIen Class : triporate or stephano-
porate.

Apertures : simple , pores 3-4 ,

slightty protruding , with annulus , edges
wel 1-defined.

Exine : tectate ; tectum imperforate,
of uniform thickness ; ektexine as thick as
the endexine.

Columellae : distinct , of uniform
length, dimorphic, irregularly
distributed.

Sculpturing : psilate, srpoth.

Habit : glabrous shrubs or small trees with
smooth shiny trunks and fleshy branches.
Habitat : rocky hill-slopes.
Distribution : Jebel Marra , Nuba Mts.
Previous Work : Bonnefille (1971 b:480 , PI.
4) , Bonnefille & Riollet (1980:43 , Pl. 18,
fiss. 16-20r.
Material Examined : EI Ghazali G87/83 , Nov.
1983. Nuba Mts. , Rashad district , Sudan.
Deposited at KHU , NCRH , BG.

Corents :

Bonnefille & Riollet (1980) described
pollen grains r.rith 4 (3 or 5) pores , whereas
Bonnefille (1971b) described pollen grains
with only 4 pores. In this study 3 or 4 pores
were encountered-

Fig. 49 ′ SEM

Fig. 50 ′ LM

Distribution map
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Carissa edulis (Forsk.) VahI.
- Vern. name : (Ar.) A1aI1i.

Shape Class : spheroidal.

Dimensions : D = 46.6 pm (41.6-51.2), k
= 0. 86.

Pollen Class : tricolporate.

Apertures : composite.
Ectoapertures : colpi slit-shaped or
tapering at both ends ; apices acute ; with
isolated ektexinous elements ; costae colpipresent along the sides , thicker at the
equator.

Edoapertures : pores slightly
squared to transversely elongated , edgesiIl-defined or represented bV interrupted
costae colpi , slightly protruding.

D<ine : tectate ; tectum perforate ;perforations t circular or elongated ,distinct , irregrularly distribuied ; with
elongated depressions and endocracks ;
endexine as thick as the endexine.

Colunellae : distinct , of uniform
Iength , irregularly distributed.

Sculpturing : psilate , perforate ;perforations < 1 pm in diameter , diameter
smaller than the width of the separating
tectum.

Fig. 51 , SET"I ,
equatorial view.
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Habit : glabrous much-branched spinescent shrubs. Habitat : garleryforests , ,'Khor" banks. Distribuiion , ,iAe"p.".a.
Previous Work: Bonnefille (1971 a :50 , pl. ZO , figs. 1_O.Material Examined : Hickens ggr , Jan. 1964. Jeber Marra , saur 5g00,,Sudan. Deposited at KHU.

Coments :

Bonnefirre (1971a) described this species as with foveoratesculpturing. Nilsson n9g6) interpretated that the endocracks of theexine are connected with the exine perforations.
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Saba florida (Benth- ) Bul1ock.
- Syn. Landolphia florida Benth. ; L.cornorensis (Boj. ) K.

Schum. var. florida (Benth. ) K. Schum.
- Vern. naLme : (Ar. ) Erg eI ah,aay.

Shape Class : spheroidal.

Dimensions : D = 46-5 um (41.1-57.0), k
= 0. 87.

Pollen Class : heterocolpate.

Apertures : 3 ; 1 or 2 simple
alternating with 2 or 1 composite.
Simple apertures : colpi oblong to
slightly ovate , short , with rounded
apices ; with isolated ektexinous elements.

Composite apertures :

Ectoapertur€s : colpi tapering at both
ends , apices acute.

Ehdoapertur€s : pores distinct ,
slightly protruding ; with closed costae ,

diameter t equal to the width of the
ectoapertures.

Exine : tectate ; tectum perforate ;
perforations r circular, regularly
distributed ; of uniform thickness ,

ektexine as thick as the endexine.

Colunellae : indistinct. FiS. 54 , f.!t , optical
section.

Fig. 53 ′

v■ ew.
SE't4 , polar

Sculpturing : psilate ′ perforate ,
perforations く l μm in diameter ′ diameter
smaller than the width Of the separating
tectum.

Habit : glabrous lianas with reddish― brown branches.
Habitat : "Khor・・ bankso Distribution : central and sOuthern sudan。
Previous Work : Bonnefille & Riollet (1980143 ′ Pl. 18 ′ figs.
7-14)′  Erdtman (1971:50-51 ′ fig. 16 C)。
Material Examined : El Cha2ali C58/83 ′ Nov. 1983. Nliba Mts. ′
Kaloro district ′ sudan. DepOsited at KHU ′ NCRH.
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