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ABSTRACT

The gross norphol ogi cal characteristics of larval salivary
gland chronosones of four black fly species nanely S. sirbanum

S.hargreavesi. S adersi and S.ruficorne were studied using

S.sirbanumas a standard. The [ andmarks used for this conparison

were armratios, the degree of pairing, the expanded region, the

nucl eol ar organi ser, the "doubl e bubbl e", the Bal biani Ri ng, the

Para Bal biani, the "blister", honol ogous hands and chronosone ends.
The armratios were found to be constant anong all the four

speci es while the TA. varied. The position and expression of

the expanded regi on, the nucl eol ar organi ser, the Bal biani Ring,

the Para Bal biani and the "blister" were found to be characteristic

of each species. The nucleol ar organi ser was found to occur both

het er ozygousl y and hormozygously. Fromthe position of the

nucl eol ar organiser in S.ruficorne it is evident that the nucl eol ar

organiser is involved in a shift. The occurence of a pericentric

i nversion i s another possible explanation. Possible reasons for

the position of the nucleolar organiser in S Adersi have been

di scussed. The expression of the Bal biani R ng, the "doubl e

bubbl e", the Para Bal biani and the "blister" were found to be

interspecifically and intraspecifically variable. Reasons for

such variations were di scussed. The positions of the Bal biani



Ring and the Para Balbiani among species indicate the presence of
interspecific structural rearrangements. The presence of complex
interspecific heterozygous rearrangements were observed only in

S .ruficorne.

Homologies were best detected at the regions adjoining the
centromere and at the chromosome ends in all the four species.
Reasons for the preservation of bands at these two regions were
discussed. The degree of homology are found to be more extensive
at the Ills end in all the four spocies despite the fact that
S.ruficorne belongs to a separate sub-genus. This is indicative

of the conservative nature of evolution in the Similiidae.
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Black flies also known &s buffalo gnats are swall insects of
the family Simmliidae. They have ¢ world wide distribvtion and
are of congiderable econcnic importsnce. blackfly females are
among the mogt vorrcious blood sucking insects Imown to bite man
a8 well as animals. In horth dnerica and Zurope lurge swarms bite
cattle and’ can kill large numbers of these anirrsls ps reported Ly
Chandler snd Read (1967). In Cangds Sinulium venugtum is known to
be the vector of a severe protozecen perasite of ducks as reported
by Zimring (1953). In perto of Lfricae, ilexico and Centrel imerica,
Le Berre (1966), Duke et gl (1966), Chendler ot al,{1967), Crosekey
(1956) and Service (1980) have reported that some blackfly species
are vectors of the filarirl worm, Onchocerce volvulug, which causes
Onchocerciasis, & disense that eeusc perrmunent blindness in man.

411 the vector specier are included in a single genus,
Simulium, a&s reported by Chandler et sl (1967): S.och um,
S.metallicum, S.callidum in Mexico and Central imerice, S.neevi s,l
and 8.demnogum s.l.in &frica, In Higeria, other possible vectors
include 8.bovig, which was found tc be infected by & worm similar
to Onchocerca volvulug, in limited areas of the country
(Jamnback, 1975). S.vore: developed infacted larvee efter

feeding on infected carriers (Jamiback, 1976). Of the four



epecies under study, S.adergi was found to develop infected larvee
after feeding on infectcd carriers (Crosskey, 1957 cited by
Jamnback, 1976). i.edersi is also known to bite man es reported
by Carpenter, (1920 cited by Freemen and de Meillon 1953) who
found them biting men op Kome Island, Lake Vietoria and Gibbine
(citea by Freeman end de Feillon 1€53) who received the same
species from Kome Island captured by C.C. Cowiev,.

There are avout 170 specicas recoxded in Africe, out of which
about twenty-one vpecies Leave been desoribed from Vest ifrica
(Freeman and de Meillon, 195%). Guite recently Vajime and Dunbar
(1975) have deserited, on chromosoms® zrounds, additional eight
cytospecies from West africa. §.ruiicorne, ltelonzing to the
subgenus Bugimulium, is the only species ihat olso occurs outside
the Ethiopean region i,e. it is found ii the Ethiopeen region and
is &lso found in a2 few Indisn oceanic islends and North Africa.

In the Namibian desert it ie found in perenniel fountains. S.adersi
is widely distrituted throughout ihe Ethiopean region.
S.hargreavesi is widely distributed in Enst ifrica ond some parts
of West Africa. S.damnosu. s.l. is widely distributed throughout

the Ethiopean region.

T4:.CHOKIC BACKGROUMD,

Difficulties have been encountered in claggifying the blackfly



population in ifric- ., Zn account of the clussification and problems
encountered &re summarised below. For details on this subject the
resder is referred to Freeman end de Meillon (1953) ind Crosskey
(1960, 1969).

I clagsification of the Pthiopeen Simuliidg based on adult and
pupal characters wee given by Freemsn annd de keillon (1953). They
accepted only two simulivm genera Simulium Latreillc and Cnephig
Enderlein.

Fror West Lfrica 21 species ¢nd 28 pupal forme of Simuliidae
were placed by Freeman and de Meillon under Simulium Latreille.
They criticized Edward's (1931 cited by Freeman snd de Meillon 1953)
classification which consisted of two subgenera Simulium end
Eugimulium because the foruer authors could not separate the two
subgenera using worphological features. Froeman aond de Meillon
grouped the blackfly species into Division L and Division B: these
divieions werc bused on the structure of the male genitalie and
the pupal respiratory histoblasts. OSpeciegy bolonging to each
divieion were orgonised into smaller species groups. They admitted
thet they did not use good key characters for the grouping of
species under esch division. Thus, to cchieve a satisfactory
grouping some species groups were defined on choracters of the

female and others on pupul or male chnracters. Since Division 4



is more primitive, it is considered to correspond to Eugimulium
of Edwards. (Frceman end de Neillon 1953). Freeman and
de Meillon rejected the generic names Simulium end Eugimul ium,

tased on male genital characters.

Divigion 'A':

Freeman and de lieillon recognised only four species groups
under Division & sirce it wes difficult to clearly distinguish
the different species groups or to defire individual gpecies

because of the apperent uniforimity of the features of the apecies.

Group 1: S.alcocki group:

iccording to Freemen and de Meillon, Group I probzbly needs
further division since they did not use substantial charecters in
defining the species groups. Sixteen species are included here.
S.gleocki, S.johannnog. S.impukane, S.mewaloni, S.bequarti,

§ . gnﬂcumﬁnt; =4 cte.

GrouB 11z S.cgﬂicomutum group:
Group II is dietinguished from Group I by the formation of the

pupel respiratory filaments. Three cpecies are included:

S.cervicornutun, S.unicornutun and S.gurelisni.



Group I11I: S.yuficorne group:

Mele style as in Group I, that is, even width and gredually

tepering. Species included: S.ruficorne, S.nigritaris etec.

Group IV: S.hirsutun group:

"Male style sberply narrowed for its cpical half or third'%
Pupal respirstory filaments brenched or filamentous type. Species

included: S.iirsutum, £.adergi, S.neavi, S.woodi etc.

- — - T —

Divigion 'B':

Three speciee groups are included here.

Group V: S.griscicolly group:
Contains only S.griseicolle species. This is the only

Ethiopesn species without hairg on the basal section of the radius.

Grouy VI: S.dentulosum group:

Thig is the only species where subgroups cen be recognised:
debegene and its alliee with hair on the katepisternite end four
pupel filaments; rutherfoodi and ite allies with reduced
parameral hocks. Eighteen svecies sre included here: S.dentulosum,
S.rutherfoordi, S.loutetense, S.debegene rte.




Er'oup VIIi: E:i.mgduaacfo;g group:

Thie group, as pointed out by Rubtzov (1907, 1940 cited by
Freeman and de Meillcon, 1953) corresponde te Inderlein's genus
Wilhelmia. Pupel respiratory filsments are compound, consisting
of large, thin walled primaries and small secondaries arising from
them, OSpecies included: S.medusceforme, S.vorex, S.damnogum,
S.colusbeleouri, and §.bovig.

Crosskey (1960) contributed a supplementery schewe te that by
Freemon and de Meillon. Unlike Freemen and de Meillon who used
pupal, male and female characters Crosskey veed lerval characters
to define Division L and P onditting the nezavei group even though he
encountered difficulties in distinguishing Division 4 from Division B.

Preemen and de lleillon found several Ethiopean species that were
represented by two or more distinet pupsl forms. Crosskey regarded
thesc pupal forms to be complexes of allied species because he
observed that the characters of the larvie of different pupal forms
were identicel except the pupel respiratory histoblasts. Put later
Crosskey (1969) suggcested that, since there is little difference
between the larvuae, the pupal forme should be treated apg distinct
species. He, However, tentatively congidercd the neavei complex
and copleyi complex as a separate genus eventhough their male

genetalia snd pupal respiratory histoblests are similar; he based



hie consideration on the fact that throughout the gimuliidee only
the larvee of the two complexre (pesvei/copleyi) zre vhavetic

Becausge of the difficultiee involved in the clessification of
the Similiidag from J frica, Crosskey'z "reclessification of the
ifricen Simuliideg" utilises comprehensive morphological feaiurcs
of the adnlt, pupal &and larval steges. The main points of this
work which is currently uscd by entonolopists are summerised below.

Crogskey claseified £11 the k¥nown blackfly specics under &
single faxily Limliidase. He recogrised two subfarilies under
Simliidee in sgreement with Swert {1945, cited by Crosskey 1969)
nemely the Perasimuliinae, containing oaly the single "remarkeble"
gemus Peraeimilivm and the othor - the Eimuliinge - comprising 211
other kriown bleck flics.

Crosskey recognised twe tribes under Siruliinse namely the
Irogimuliini, conteiring the "more priwitive foius" end the
Simuliini, conteining the "more speciclised forms", There exists
no single cherrcter for distinguiching species i cne tribe from
thoge in the other tribe.

Crosskey recognised four genera of ifricen giwuliidee
(namoly, Metacnophis, Prosinulium, Simuliue end jfrosirulium).

He pleced the genus Progimuliur under Prosimuliini and the

e -

remaining genere (Mcteenephia, «frosimulium end Simulium) under



Simuliini.
He treated the tribe Progirmeliini in e broad sense, and
recognised threec subgeneric segregates nemely Irosimulium,

Frocnephia and Faracnephis., Three specier groups were included

under Paracnephig namely the brincki species group, tlie muspratti
specie8 group and the termeri syprecies group.

- Phe tribe sipuliini consists of four genera, i.e. (1) Simulium
Latreille, the largest cosmopoliten genus; (2) 4ustrogirulium
Tonnoir, the endemic justrelasisn genus; (3) Afrogimulium,the new
monotypic genus; and (4) Meicenephin, the Holerctic genus..

Taking «11 cheractera together Crousler regarded fustrosimulium
as u valid genus eclthough it is closely releated to Simulium
Latreille. The genus Simulium fells inte & nunber of segregates
which are distinguished from one another by the lerval, pupal and
edult charscters., Some of the segregates were recognised as
subgeners by Croasskey even though it ie not possible to distinguish
one subgenusg from the other in 21l stages. Most of these subgenera
are endemic to one or two zoogeographicel regions except Eugimulium
which is cosmoplitan to & certain extent.

Fror ifrice sixteen subgenera are recognised under Simulium.
Eight of these arc confined to the Bthiopear region, (namely

inasolen, Bdwardsellum, Freomanellum, Lewisellum, Meilloniellum,



Metomphalug, FPhoretomyie and Fomeryellum), one to the Malagasy
region (Xenogimulium), cne is common to the Holerctic and Ethiopean
region (Byssedon), one is casmopolitan (Bugimulium) and one occurs
only on St. Helena Island {(Dexomyia). The remnining four subgenere
occur in Palesrctic Africa (namely Wilkelmin, Odugmis, Simuliug s.s.

and Tetisimuiliui). £ surmmarv of the asjor feetures of the eight

Fthiopeen subgenera is presented Lelow.

Crosskey included the first two divisiong of Freeman and
de Meillon under the subgenus Pomeroyellum. Fomeroyellum is the
largest endenic subgenus consisting of sbout %G of the species and
forms of Simulium frow the region. It is closely allied to
Fusimulium. The males of Pomercrellun and FEusimuilium ere very
slightly distinguishable. The femalee evenly covered with pale
scalep arce totelly indistinguishable from those of Eugimuljum.
The most satisfactory mesns of separating the twoe subgenera are
by studying the morrhology of the larvae.,

The characteristic feature of fenoles of most Fonerovellum
species is the reduction of pale sceling dorselly on the lest few
abdominal segwents, so that these appear rather bere, derk and

shining. The species of Pomeroyvel lum fall into several distinct

: Y g e

sk
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groups principully on charaeters of the immature siages

bequarti groups

Thig is ¢ amall group and 'differé frowm the rest as the léwal
cutiecle is bare end thus resenbling that of subgenus Lugimulium.
The mele, ferale and pupal cheraciers nure similar to I_Q_rgg;-oxé'ilum.
Phug it is best nssigned under the subgenus I omerovellum. | |

. b
e Gl

gleoockl group; I S

The aigockdi Qroup definé.d by Crosskér corregponds with the
group treated by Frecman and de kMeillon, except that it is sligh{‘cly
restricted, i.e. the beguarti group, schoutedeni group end .
8.(P) .kenyae are excluded here. Freeman and de Meillon placéd
S.gpeculiventre from the Sevchelleg under alcogkl group. DBut
Crosskey showed thnt it is rctually a species of Fusipulium since

no specien of Pomeroyellum gre known from any islands in the Indian

Ocean.

schoutedg'gj_. Zroups

This ig & smell group containing only two specien. 1t is

intermediate between the groups pleoeki snd cervicornutum hecause

the pupal £ills resanble the aleocki, snd a larval atage (with :

large flat sbdominal scales ctc.) resembles the bequarti group.
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Thus gchoutedeni is placed together with alcocki and cervicornutum

under the subgenus Fomeroyellum,

kenyee group:

This group is proposed for the single species 5.@) «enyee
and is placed under Pomeroyellum. It cannoi be ssiisfectorily
placed under any other spcecies groups as for its distinct characters.
The male differs fromn sll other Ethiopean black flies by having the
hind basitarsus very greatly dilated. The male hypopygium closely
resembles thet of gervicornutun and §.(2).memshoni of schoutedeni
group. 4bdomen with compound deeply multifid setae with the
branches further bifureated is closely skin to that of S.alcocki.

Thus it is placed under Pomeroyellum.

cervicornutum group:
TESERES L SsSmmweso.. . - -

The type speciec of Pomeroyellum is this species and is
typical of the subgenus nomenclatureliy. It is wide spread in the
Fthiopean region and contains all those epecies of Foweroyellum in
which the pupal gille are not of the filamentous type. The large
bleckened and erect sceles on the "posterodorssl" part of the
abdomen is characteristic of cervicornuvum larvee, which is & unique

character emong the lervee of the subgenus Simulium.
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81bgenus ipulium:

This is the largest and most widely distributed cosmopolitan
subgenus of Simulium, In the Ethiopean region they sre represented
by about 12 of the species. In Africe ithey cover & greater
geographical renge than any other subzenus. The subgenus containe
the only species of gimuliidee known from the Sahera: Simulium
(Busimulium) ruficorne Mecquart which can survive in conditions of
very reduced flow or even no flow at ell, Recorded from Tibesti
srd Tassili des éijer messife in the central Schara. Four species
groupe ere recognised under this subgenus out of which only two
species groupe (ruficorne group end loutetense group) ere found in

the Mthiopeen region.

ruficorne group: .

Thig group was termed the ruficorne group by Freeman end
de Meillon (1953) for the Ethiopesn fauna. 8.(E).ruficorne has the
wident distribution emong the blaclk fly fauna, i.e., it occurs both
in the Pelearctic end the Ethiopean regions, It is absent in North
imerica but is widely distributed throughout the 01ld World that
includes Furope, Horth /frica snd Canary Islandsg, liiddle East and
Southern iLrebia, Centrel feia, the Oriental Region, fustralie,

Hew Guines and liew Cnledonia, and the wlole of the Ethiopean and
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Melagusy regione. It is clogely related to the letipes group.

The ruficorne - group hes successfully cclonized severel of the
remote islands of the .tlontic (5t. Helona) oné Indian Cceans
(Seychelles etc.)s Freeman ead de Meillen (195%: 64) pleced the
species gpeculiventrs in their algogcki grouy of Simulium before
Orosckey's (1966, cited by ¥reemon snd de Meillon, 1953) study of
the immature stages. Eased on tlic discription of the immature
stoges Crosshoy showed thet S.speculiventre belonge to the subgenus
Bugimlium and »ot to Pomeroyellum,

S.ruficorng, the text st:died epecies occurs ir very slow °
waters. They have been found in juet trickling waters. Van Someren
(1944, cited by Crosskey 1959) found them in the water standing in
hoof prints, in Somalilend. In .'orthem Nigeria S.ruficorne larvae
ere found abundantly during; the lete diy secson vhen conditions ere

severe (Crosakoy, 1956).

1ougtgngg group:

The three Bthiopeun species placed by Freemen and de Feillon
vnder the dentulosum group of Division b are sssigned to the
subgenus Bugiruliwg by Crosskey (1969). Freomen and de Meillon
assigned these species to Divieion I because of the following
charscter:; multiple pareneral hooks in the male hypopygium.

Crosskey, considering th: chrrecters of both sexes ¢nd all steges
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together, placed the species under Busimulium, Species included:

S.(B) .1outetense, S.(E).rutherfoordi end the Nearctic = .. ..
_3_.(E) furculatum,

Subgenue relllonicllun:

It is an endemic Bthiopeen subgemus. Mubtzov (1962, cited by
Crosskey 1969) erected this genus for the elccies placed by
Freemen end de Meillon (1953) in their hirsutum group., Crosskey
recognised the segregcte e&s a seperate subgenus, containing only
the amell free living forms, previously included by Freenan and
de Meillon under the lhirgutum - group, end excludes all those
Ethiopean Simulivum in which the larval and pupel stages live in
phoretiec associstion with crat and mayfly nymphs. £ unique
species of the gubpgenus ieg Simulium sdersi, in heving the pleurel
mecbrane haired; £ll cther cheracters confirme the pesition of
S.odersi in Meilloniellun. E.odersi occurs in large end smell
gtreame both in fost rnd glow flowing wuters. They are found in
ebundance during the lute dry season (Crouskey, 1956) and eerly
reins. Ther sre widely distributed in most parta of the Fthiopean

region.

Subgenus Lewisel lup:

This s.bgenus contains the most remerkeble snd only Simulium
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species of tropical &frice, in which the larval and pupal stages
live in phoretic association with river crabs. E£ince these forms
comprisc "a distinetive, morphologically homogenous, and
ecclogically clesrly defined segregate" (Crosskey, 1969) in
Similium s.1. they are treated as ¢ seperate subgenus by Crosekey.
This subgenus inciudes the type species _§.@) .neavei. This species

was placed by Freemsn end de Meillon (1953) in their hirsutum group.

Subgenus: Thoretomyisg:

The adults of this subgenus are uniforn ir ckaracter. The
larvae however live phioretically upon maytly larveie and their
larval, pupal characters are heterogencus when compared to those
of other typical free-living Simulium epquatic stages. The
characters cuch es; the pupel abdonen often bearing numerous
additional hooke, larval head broad and bulbous sometimes with
the cephalic zpotome widest near the middle end a few other
characters confirm that Phoretomyis deviates from the norm. This
is regarded by Crosskey, azs an ndaptation to phoretic mode of life.
He found it difficult to eignify a few structursl rodifications in
the lervee., The Bpecies placed under thie subreruc eore classified
into three species groupe based on the lerge difference in larvee
and pupuse. Each species group is associated with a particular

rerus . of meyfly and are morphologically different from each other.
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hgmgri groun:

This is a smell group in which the larvae are sssociated with
the nymph2 of unidentificd species of Elogsconeuris. These species
arge recorded fron Ghanan, Lngols, and Ugands, Only two species have
so far been identified S.berneri by Freeman and 8,kunboense by
Grenier gt al. (1965 ecited by Urosskey 19589). Frecnen and Grenier
regardcd the latter as a subspecies of berneri group since they are

very clogely sliied but Gernain ot el. (1965 cited by Crosekey 1969)

regerded this ag & seperate species.

Turbwanus groups
Thege are known to be asgociated phoretically with the genﬁa

4afronurus. This group contains only & single species S.l1lunbwanum
which is regarded by COrosskey to be a conplex of two mibling species.
This wes assigned by Crosskey in a separate species group for its
dilversion fron other Simuliun spneies including the species copleyi
and beneri, and in regard of the extracrdinary pupal ebdominal
"onchotaxy". It iz regarded to be intermediste between the copleyi

and benexi group. ' . ' "

goplevi group:
The specics of thig group live in association with species of

Lfronurus and Beatis, and sre slso recorded to be found on an
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unidentified specice of Beatideae. The cephzlic fen pleye & very
inportant role in distinguishing this species. Crossgke)y assigned
S.dicerag under this species group even though ite position leys
uncertain when conpering some larvel cheracters. 1f adult characters
are teken into considerestion S. diceras is bettcr stated under
S,berneri group but since they have the sune phoretic partner and a

few sinilar pupel charscters they ere assigned to the copleyi group.

Subgenus: freenancllua:

This sbrenus was proposed by Crosskey for e small group of
species that were placed in the dentulosun group by Freenen ond
de Meillon (1953) or in the genue iLnagolen by Rubtzov (1962, cited
by Crosskey 1969). They have several morphologicel charactere and
ecological preferences in comuon with dentulogun. Since they bare
several characters that ere different fron cther Simuliun species,
they rre recogniscd as & separete subgenus, The nost notable
character of the subgenus Freeunanellun is the presence of
congpicuous hairing on either side of the katepisternal region of
the advlt thorax, which is absent in other Ethiopean subgenera.
In the Ethiopesn fauna Freemanellun is nost nearly related to the

subgenus 4nasolen.

Subgenus !‘.r.agolgn:

This subgenus is unique vhen considering its ecological
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requirenents. Fven though it is releted to the subgenera
Frecusnellun ard Xe¢nogimuliun it does not show ary affinities
towards other subgenerc. Hence it is regarded ssc A separate

subgenus.

Subgenus: Ryssolon:

Crosskey pleced 21l those gpecies comon to the Felearctic
and Bthiopean regions under & separatc subgenus, Byggodon. It is
the only Tthicpeen subgenus that has the bzssl section of the
radiug bare. Bueed on thie charecter wtnd a fow others this
subrenug 18 isoleted from other endenic Btiiopean Simulium
subgeners and their ecological requirements. Thus is regarded by
Crosgkey as a separate subgenus.

Preeman ond de Meillon included S.damnogun s.l. and
S.medugaeforne under a single epecies group. FBut Crosskey
recognized both species as different species groups end included
then under separete subgenera. He geve hig valid reasons for
doing so. The subgenus Metonphalug corrasponds to the nedusaeforme
group of Freenan end de Meillon except that the cpecies
S.damogun s.1. excluded in Crosskey's clasgification is included
under & scparatc subgenus. He included 211 these species whose
larvae were distinctive due to the stricking covering of scales

and paired swellings or tubercles on the firet five segments of
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the zbdonen under the subgenus Edwardsellun.

Subgenus Metouphaluss

This is & lerge enderdc Pthiopean subgenus which hoe no
affinity with any Scuth incrican or the Orienta - istrelcsian
segregates of ithe Simudiuw favna. Since it is closely allied to
the Yalearctic subgenus Wilkelmig, one of its segregates

Ssuaedusneforne was included under ¥Wilkclndg by Rubtzov (1940,

cited by Crosskey 1969) which weg loter placed in the ppecies
group of nedugecforne by Freeman and de Meillon (1953) which in
turn wes placed in a separete subgenus by Crosskey (1969). Three
distinctive species groups are included under this subgenus based

on larval =md pupel characters.

glbivirgulatun grovps

This group corteins a sinzle species S.nlbivirgulatun which
is remarkably distinet from sll other ALfrican Simuliun fauna
except for those of Edwerdgellun, since toth have a covering of
larpe secales over the thorax and abdomen which is sbsent in other
Lfriecan Siruliui. It also has other larvel characters which
enable it to be classified under a separcte subgenus. 3BHut
congidering, the close similarity in both adul ts end pupal

charecters to that of Mg¢tomphalug, it is beftcr sssigned under



the subgenus Metomphalus.

bovig group:

Lvout six species are included in this group whose immature
stages are nost uniform. S.wellmenni is unique anong other
ifrican Simuliun sinee it possesses Mmiltiple spinules on the
style of the nmale genitulic. It is in close effirnity to dbovig
based on female, pupal and lorval cherecters. The position of
thie species ir *his group is affirned bty the presence of an

intermedizte species, S.janzi.

nedugaeforue grovp:

Thig is the largest syecies group of Metonphalus oceuring in
high altitude mountain etreans in swift cold cascades. The
species are rather uniforn in character in the adults cnd the
larvae. They differ in the pupae because the pupal gills have
deviated fron the two distinet pupel filanents to & single thin
walled filarment. 4 reoarkeble feature of this group is the
presence of amall diptinet teeth in the female cibarium. The
larvae closely resenble Lnasolen larvae, except for the small
rost genal cleft in gnapolen larvee thet distinguishes the two.
I stricking larval feature of nedusaeforme which ie nlso seen in

the vorax group is the unusual elongetion of the distzl one of
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the pair of serrations. This ig probably one of the wmain reansons
for classifying vorsy and medusseforme under the same gubgenusg.

S.nedusaeforue larvee are found in toth large and smell rivers in
swift broken woters. They are also found in weterfells attsched
t0 rock surfaces in such gbundance thst they blacken the surface
of the rocks. They can alsc¢ be found on gress, stroais and lcaves

in thick masses. They are usuglly mistaken {or S.dammosum s.l.

ot first glance. S.nedugaeforne cen be colle¢ted in 21l months of

the year but tuey sre west sbundance in the months, June %o

September.

The main remson for classifying S.daunosun end sene other
species under a separaic subgerus has already been mentioned., The
larvae of theme species are unique among the Ethiopean Simuliun
faunz. They resemble I'horetomyie i having the fore tarsi dilated,
but they can re distinguished by the bold black end gilver grey
vattern on the scutun of the meles. The presence of dilsted fore
tersi in both subgenere does not indicste thet they are related.
Thin is o cheracter which hod developed indepmndently in the two
subgenera. Edwardgellun is knowm to recenble Metomphalus closely,

in the charancter of the pupe, larval head, the mele genitalis and

the gonopophyses of feunale terminnlia. But since they differ
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largely in their larval and adult stages from that of Metomphelug
they ere considered as & separete subgenus.

The two subgenera lietomphelug and Edserdsellunm are closely
related to ¥ilhelnmi¢ which is a Felearctic subgenus. Thus Stone
(196% cited by Crosskey 1969) treated all tlic three nares as
synonymous and Rubtgov (1962 cited by Crosskey 1969) treated
Pdwordsellurr gs e full genus including the Mctorphelusg species
and the Bdwardgellun spceies. Yut Crosskoy (1969) recognized the

three as sepercte sesgrogates of equal svbgeneric status which is

the accepted clasaificetion zo far.

CYTOLOGICAL ELCKGROULD,

Cytological etudics of larvel salivary gland polytene
chronosones have becn of major importance in the taxonomy of
Dipteran species couplexes particularly species groups with
morphologically indistinguishable species, that is, sibling species.

Dunbar (1966) was the first to study the larvel salivery gland
chromogonmes of an J,frican Simuliid species. He described four
sibling species of the L.damnogum complex. Iater in 1969 he
reported nine cytological segregates in the S,dcimosun complex.

4 detailed band te bend analysis of eight cytospecies of the
S.dumnosin species grour was given by Vajine and Dunbar (1975).

«n account or the chromosoual identificetion of Simulium nengenge
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fror the Mcnge River in Cameroon was &lso given by Vejime and
Dunber (1977).

The a2bove nentioned workers used & ban? to band analysis in
their investigations. PEven though a bond to band snalysis has
proved te be the most reliable neane of deegeribing sesregates, the
gross norphologicel features have also been vsgeful in
distinguishing apccics in the Simuliidee (Zimring, 1953). These
features are nlso useful to & certrin extent in detecting siblings
end in grouping of gpecies (Rothfels and Dundbar, 1953). Kunsze
(1953 cited by Rothfels 1979) also found that larvee collected
near Vienna could be distinguished as to gpecics on the basis of
the gross Tfeatures of the salivary gland chromosomes.

Zinring used the following micromorphologiczl features to
characterise species: chromosome number and sizec, thc degrce of
paeiring, the expanded region, the nucleolar organiser, the
Balbiani Ring, the "double bubble", the Fara Bualbiani, the
"bligter", homologous bands end chronosome cnds. These feetures
were suggested by Rothfels end Dunbar (1953) to be diagnostically
useful in distinguishing segregates.

Cytotaxonomic studies of rearly two hundred erecies from both
primitive and modern genera of thie world wide family of perhaps

onc thousand two hundred specics have shown a constancy in the
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2%
ratio of the aru abtout the centromere (.ﬁnonynoua, 1968), Of the
three haploid chrorosomesg the longest is nmetacentric and the two
shorter chromosomes are acrocentric (Rothf~ls end Dunbder, 1953).

Degree cof pairirg of hcmologies hes been suggested by Rothfels
#2d Dunbar (1953) to be useful in species grouping. Zimring (1953)
grouped gone Forth jmericun species on the bLasgis of the degree of
priring; £1l the six species reported by Zimring (1953%) had loose
reiring.

The uscfulness of the expanded region as a greoss morphological
feature in distinguishing species wes suggested by Rothfels end
Dunbar (1953). Tlis feature gave satisfactory results in Zimring's
study. Of the twec types of exprnded region, that is, the cottony
and the conpact type, the compact type wae obgerved in all the
apecics studied in this text. The cottony type was first reported
by Pointer sad Griffen (1951 cited by Rothfels snd Dunbar 1953) for
S.virgatum. The cxpanded region wes found &o be species epecific
and congtant within species. Where & species lacks an expanded
region, a remarkably thick and prominent centromecre is observed as
reported by Zinring (1953). In some species the centromeres arc
involved in & centric fusion as wes reported by Rothfels and
Dunbar (1953) in two blackfly species, Frogimulium decemarticulatum

Twinn and }.oultidentetun Twinn, and in others they are involved in



23

ectopic pairing wiich wee first reported iu Drosophile (Slizynski
1945; Kaupfrann and Iddes 196%; cited by White 1973).

Rothfels =nd Dunbar (1953) reported the main nucleolus to be
sufficiently useful ir differentieting closely related species.
In support of this view Zinring (1953) skowed that the nucleolar
orgeniser is of taxonoric velue anong Simuliidae because they are
interspecifically variable and intraspecifically constant.

Rothfcle and Dunbar (1953) and Zimring (1953) encountered
difficul ty in identifying the DBelbiani Ring in the species they
studied beccuse the expression of thieg lendnark varied among
species and within species. Rothfeles ond Dunbar (1953) termed the
largest puff to be the Palbiani Ring and Dunber (1966) described
three other puffs terved the "double bubble", the Tsara Balbiani
and the "blister".

The purpose of the present study is to cheracterise fouy
ifrican Simuliide (S.sirbanus, §.hargreavesi, S.adersi, S.ruficorne)
using the gross worphological landmarks of polytene chromosomes.

L detail bend to band enalysis of the cluromosomes of these species
would reveal "evolutionary diversification and phyvlogenctie
relaetionships" (Zimring, 1953) but this is beyond the scope of

thie s tudy .



MATFRILLS 41D METHODS.

Lerval semples of 5.girbenum, S.adersi, S.ruficorne,

[

Jhergreavesi, S.alcocki, S.loutetense, S.unicornutum end

(<]

.corvicornuiun were collected for a preliminary cytologicel study
of larvel salivary polytene chromogomes., Workable chromosonmes
werc oltained Ifrom four of these species, namely S,girbanunm,
S.adersi, S.ruficorme ond S.hergreavesi. These four species were
therefore selectnd for this study.

Metericls were collected from River Keduna, River Sarkin Pawa,
Kangini dam, 7iga derm, Mairuwa dem, Dutsin-lia dan, Dagoms dan,
River Kogum, University dam (st Lhmedu Pello University), and Palaw
Creek. Detrils of collecting dats are shown in the appendix while
collection sites are shown on Map I next page.

For knowledge on the biology und taxonomy of the zbove
mentioned specieg the reader is referred *o Frceoman and de Meillon
(1953), Crosskey (1969) ard Jamnback (1976). The lervee were
identified with the nid of a larval and pupal key by Freerman and
de Meillor (1953) znd Crosskey (1969). The larvee were identified
uging the head patterm, ventrsl papillae, dorsal protruberances of
the larvee ond pupal respiratory histoblasts. Of the six instars,
the fifth inster larvec sre nost preferable for cytological studies

(Vejime, 1973).
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Simulium dermogun S.l. larvee were found ir rapids and fast
well zerated waters. They are ususlly found stteched to rocks,
veretation or on der spillweaye. In sendy bed wivers they were
found atteched to vegetation growing at the botton, e.g. River
kodune 2t Falali. S.damnogum s,.l. larvee were collected throughout
the yeer end it was easier to find them ot the heginning of the
rainy seuson.

S.adergi was usuelly found in slower flowing waters in which
larvae were found attachea to stones or vegetations. They were
most ebundert at the end of the rainy season snd mid dry seeson;
they were scerce during the late dry secson. 5.adersi were
souctines found in gympetry with S,girbanun,

S.hargreavesi larvae were often found in sympatry with
LJdamornun s.l. larvac. S.hargreavesi larvae were found attached
to vegetation, rocks or basement of gpillwaye in such abundance as
to blecken the surface of their attachument. They were collected
throughout the year but were abundent during the heights of the
rainy scason, that is, during July to October.

Simuliun ruficorne was found in both fert flowing and still
waterse in Kangini dsm. They were found attached to porous stones,
rocks and vegetction., The morphelogy of the head pettern and the

respirctory higtoblast were the sanme in the majority of the
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splecimens; a few specimens collected from fast flowing water

shd®wed & slight variation in the head pettern. Method of collection
and} cvtological techniques employed were those described by Rothfels
end {Dunbar (1953) , Dunbar (1072). Lervae were collected in wet
p01§thene bage placed in an ice chest conteining ice blocks and
brought to the laboratory for disscction and fixation., The majority
of larvae collected as described above could be kept alive in the
laboratory for about 15-20 hours. When long field trips were made
to collect specimens, larvae were dissected and fixed in the field.
Larvee were checked to ensure that they werc clive before dissection.
Immobilised larvae were cbserved to assuize en 'S' shape and with a
drop of the fixative were seen to wriggle. In the laberatory larvae
were identified with the aid of a dissecting nicroscope before
dissection. Thereafter, ecech larve was immobilised by placing on

an ice cube ard ite abdomen was ruptured with o sharp needle.

The larvel salivery glands are long transparcnt peired
atructures troversing about iwo thirds of the bedy leongth and then
curving back.

he dissected larvae were immediately fixed in freshly
prepared Carnoy's fixative (3 parts ethenol; 1 part glaciel acetic
acid); for S.adersi, S.hargresvesi cnd S.ruficorme, when a different

e

concentration of Carncy's (2 perts ethanol: 1 part glacial acetic
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neid) wos used for fixation better chronosome preparations were
obtained. Fixed larvae werc used ivmedistely for squash
preparations or were stored in tightly stopverec "Bijou" bottles
in the refrirerator but not in the frecezer compertuent.

Larvac used for squash properations were washed in distilled
water for sbout ien ninutes to rerove excess fixetive, thereafter
they werc hydrolysed in O.1FN HC1 at 60% for gix minutes. The
hydrolysed larvae werc immedintely placed in & tightly stoppered
vial containiy a small enount of Feulgen stain. Staining time
veries from 5 minutes to 5 hours. Care war token to ensure thet
larvae were renoved fror the sgtain es soon e the glends eppeared
red in colour; .ftcr this stage it wae noticed thet when the
specimens werce allowed to remain in the stain, the glands were
destained appreciubly. Well steincd specinens were removed from
the stain and were washed in three chenges cof tap weter. Tep
water hes 1n effect on the stohility of the stain erid hardens
the chromogoues, The fast green method of steining to identify
the nucleolar orgamiser: did rnot produce satisfactory results.
However, using Feulgen stein Vajine end Dunbar (1975) located the
position of the nucleoler organiser in S.demnogum s.l. the
gtandard for the present study. Resemblance to the appearance of

the nucleolar orgeniser in S.sirbenvm wee used to leocate the
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position of the nucleclar organiser in the other three species.

Fach washed specimenr wee placed on a slide conteining a drop
of 50, acetic acid on & clean slide, covercd with a cover slip and
squashed Yty tapping lightly on the cover slip with the index finger.
The slide was then viewed under a compound miecrcsccpe. Where the
chromosomes necded further spresd, the chromosomes were sguashed
agein untill o satisfactory spread was obtained. Where the
steining of the chrormosomes wae light, a drop of 1. Orcein in 5@
acetic seid wes introduced under the cover slip. Specimens stored
too long produced vexry poor chromosocme preperations.

The slides prepared as described sbove, that is, temporal
mount, plcced in acetic alcohol (1 part ethanol: 3 parts giacial
acetic acid) overnight. The following dey the slides were removed
from the ucetic alecohcl, excess alcohel was blotted away, the
coverslip was reised from the slide with the aid of a rezor blade
and both the coverslip and the slides were passed through a series
of 8¢ and 100k alecohol saturated with barium hydroxide, &zcess
euparal was blotted away and the permanent slide was left to dry
for at least one weeks.

To obtain the percent total compliment length (¥7CL) (Teble 1)
of the selivary glend chromosones flattened nnd evenly stretched

specimens were traced using # camera lucida and the trecings
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followed with fine cotton thread which wus then meansured on a
centinetre scale overly stretched chrormeosomes were not included,
The average length of each chromosome of each species werc obtained,
Fach of this vélues wag reduced to 9CL, PFive nuclei and at least
threc individunls of each specics were used for wecsurenents.

Four types of films were uszmed: Kodak Flus X..pan, K.B.17,
Lgfa Iscpan and Ilford Fan F, of which I1ford Fan F gave the best
photographs. Two ti¥pes of photographic pupers were used: Tura
Report - Rapid. BRI {single weight) and Kodak Grade - 2 {single

weigh‘t); both gave pood photographic printa. E i

RESULTS. _ ]

S.girbanun wos used as the standard against which chromesonmes
of other gpecies were compared with respect to the following
chromosomal landmarks: chrowoaome numher and gize, arm ratios,
degrece of pairing, expanded region, nucleolar orgaeniser, "double
bubble", Balbiani Ring, Para Palbiani, "blister", homologous

bands and chromosome ends. -t

Chronosome muinber and gize:

Preliminary examination of the larval salivary polytoene
chromogones of eight Simuliun apecies Qitgighgggq,.§thargreqx§§;,

S.edersi, S.ruricorne, S.elcocki, S.loutetonse, S.cervicormitum




and §._1_x_r;ico;nutu1_r_.) showed thet the majer chromosomal landnarks of

) «girbanun, S.hapgreavesi, S.adergi and S.ruficorne observed were

reasonabl: discernsable; the landmarks of the remaining species
(8.slcocki, S.loutetense, S.cervicornutum and §.unicormutun) were
not clear enough for even & comparative siudy Pecause these species
produced chromosomal preparations of inferior quality. In all the
species studied the haploid number of each wes three. S.hargreavesi
produced the largest chromosomes; S.girbanum, S.ndersgi and
S.ruficorne produced workable chromosomes which were comperable in

quality esnd size.

Lrn ratios end idiogrens:

The relative positions of the diagnostic landmarks are shown
in the idiogrems (Fiate. I, Fig. 1, 2, 3, 4). The values on arm
lengtha and totel chromosgone lengths do not show desparity for
gimilar findings throughout the Simuliidae. *  Chromosome II
ig identified by the presence of Pelbiani Ring in IIS, Parea
Balbizni in IIL. Chrc.acsone III is identified by the "blistexr" in
II1IS. The longest chronosone is always identified as chromosone I,
in these four speciee has the nucleolus (Teble 1). In
S.hargreavesi chromosone I is considerably longer than those of

the other three species; but the arm retios are almost the same

cg those of the other three species.
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Deta on aru lengths, arm ratios and percent total compliment

lengths arc given in Table 1.

Degree of peiring:

The degree of pairing veried from species to species. In
S.girbanur peiring of the howologues were so tight that the double
nature of the chromosomes were difficult {eo recognise at a glance
(P1ete 11, Fig. 5, 6, 7, Plute III, Fig. 19, Flate IX, Figs 52).
Similar observetion were made on the mejority of S.adersgi
individvals (Plate II1I, Fig. 22, Plate IV, Fig, 30). In

S.hargreavesi (Flete 11, Fig. 14, Plate II1I, Pig. 21, Plate IX,

Fig. 53), S.ruficorne (Flete 1I, Fig. 12, 1%, 15) znd some specimens
of S.adersi (Flate II, Fig. 10, 11) loose pairing was observed.
The degree of loose neiring wes nore prominent in S.hargreavesi

e

Fig. 12, 13, 15) than in S.sdersi (Flate II, Fig. 10, 11).



TLBLE 1

{RM_LEHCTHS, RLATIOS £ND %1'CL OF FIVE CHROMOSOME
COMPLIMENTS OF ELCH OF THE FOUR BLACKFLY SPECIFS,

T e e —

Species Is IL Total | Lrm Retios |%TCL
4r——-— ] — —————
S girbanun 28,16 | 30.08 I ESTTCL N - 4%
S .hargreavesi 30,52 | 35.64 _q_‘_ﬁté._‘l_ﬁ_. 116 A6
wgdgrai 22,99 127.02 150,01 _ 1,17 365
§.mficO§EIE: R _____gE_}_' 60 32-52 61-1?: A __._.1_;}-'2 ¢$
Chromogome I1:

Species I1S I1L Total | Lym Ratios {%TCL
'Sagi__lfbgium B 1_4.'_.20 23.?0 3?-90 1.66 2&
8 .hargreavesi 15,28 123,37 138,65 |  1.53 2T
|S.-adcred 17.68 | 24.14 |41.821  1.36 52
S.ruficorng 14,26 | 20.68 |34.96| 1.4 2T
Chronosomne I111:

S

Species 1118 11711 Total | Arm Katios |%TCL
S.girbanuc | 13.58 {24.53 |38.11 1.8 26k
S.hargreavesi | 12.71 | 25.55 38.26 | 2.0 27
S.adergi 12,48 [ 26,00 ;%8.48 :  2.08 2%
S.quficorng 12.50 | 22.65 {35.15 | 1.81 2% |




Expanded region:

The expended region associanted with the centromere iao the
main landmark of Chromosome I. In S.hargreavesi and especially
S.girbanun it has a distinetly greater diameter thun the rest of
the entire chromosome (Flete II, Pig. 5, 6, 2). In S.sirbanum the
expanded region ig large, tore or less globuler (P1ate 11, Fig. 5)
or cylindrical (Flate I1, Fig. 6) and is conposed of & loose arrey
of darkly setained granules (Flate II, Fig. 5, 6). The centromere
is quite visitle in some specimens (Plate 11, Fig. 5, 6). Very
light bends are seen on either side of the expanded region
(Flete 1I, Fig. 5). S.hargresvesi is cheracterised by & large
and long expended region which is composed of a loose mixture of
darlc end lighktly stained grenules (Flate 11, Fig. 8). The
centromere is in the form of a thick dark band end is conspicuous
in most cases (Flate 11, Pig. 8). A few light bards were also
observed in the expanded region (Plate 1I, PFig. 8, 9).

The cxpended region wes not observed in S.ruficorne and
S.adersi (Plate II, Fig. 10, 12). S.muficorne has a unique
centromnere which makes the apecies easy to identify. The
centronere ie conspicuocusly large end darkly stained in all the
three chromosomes (Flute IT, Fig. 12, Flate III, Fig. 26,

Plate V, Fig. 39). I» S.adersi the contromere is thick, prominent
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but smaller then that of H.ruficorie (Plate 11, Fig. 10). In both
specice there are very light band on either side of the centromere
regions (Flate II, Fig. 10, 12). incther cherecteristic feature

of S.ruficoriie is ectopic pairing which was cbserved in this

species to the exclusior of the remsining three species. Ectopic
peiring was more comuon between Chromosome I znd II (Plete II;
Pig. 16, 17), however, in one specime ectopic pairing was

observed between Chromosome 1 nnd JI1 (Flate II, Fig. 16).

NMucleolar Orjzaniser:

4 sirgle nuecleoler orgeniser wars found on Chromosome I of
ench specics. This feature was obscrved both homozygously (Plate
11, Fig. 11, 13) ard heterozygously (Plete IT, Fig. 5, 9, 10, 12).
The nucleolar orgariser was found in the short arm of S.girbanunm
and S.hargreavesi (Plate II, Fig. 5, 9) but in S.ruficorne and
S.adergi the nucleolar organiser is locaied on the long arm of
Chromosome I (Plete 11, Fig. 10, 12). In S.girbanun and
S.hargreavesi two groups of charscteristic dark bands merked 'a'
were obgserved just before the nucleolar organiser (Plate II,

Fig. 7, 9). 1In S.edersi these bands were located on the long arm

imnediately coftor the nucleolar orgeniser (Flate II, Fig. 10).

In S.xuficorme these groups cf bands are found on the short arm
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(Plate II, Fig. 12). It must be stresscd thet in S.adersi,
S.hargreavegi and S.ruficorne these groups of bands were read with
difficulty because chromosomal preparctione of these species were
not sufficicntly good. L1s0 the characterictic group of dark bands
marked 'b' aftor the centromere in the short zrn of Chrouosome I

of S.adersi (Plete I1, Pig. 10) were found in the IL arm in
S.ruficorne (Flate II, Fig. 13). In S.girbenun end S.hargreavesi

these groups of bands were not observed.

“Double bubble":

In S.girbenmun the “double bubble" is secn behind the Balbiani
Ring and is separated from the Balbiani Ring 1y three dark bands
marked 'd' (Flate III, Fig. 19). In S.hereresvesi it is separated
from the Balbiani Ring by four bands marked 'd' ir the photographs
(Plate IIT, Fig. 20, 21) g1l ths four bends apperr to be dark but
a detail obgervation of the preparations shows that the four bands
consist of two dark and two light bands. In S.sirbanun the
"double bubble™ is in the form of £ puff with one central band
marked 'e' (Plate III, Pig. 19). In S.hargreavesi the "double
bubble" assumes the shepe of a bulge with otvious dark bands,
that is, the characteristic puff typicel of ile "double bubble"

was not observed (Flate I1I, Pig. 21).
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The "double bubble" wae not observed in S.adersi and

S.ruficorne (Flete 111, Pig. 22, 23). In S.sdersgi and S.zuficorne

there ieg a persistant structure in the form of two puffs separated
by o dark double bend end cne light band (Plate III, Fig. 24, 25).
Thesc regions arc abelled 'f'e Tn £.puficormig these puffs ere

fcllowed by five derl: bends which lie directly behind the

centromere (Flate III, Fig., 26), mrred "g".

Ring of Balbiani:

The Iting of Balbioni is the nejor suchromatic structure found
on the IIS arm. The cxpression of the Balbisni Ring varied from
species to specics and within species. Ilor instance, in
S.ruficorne in souwe specinens the Balbiani Ring ie compact and in
others it was blown up and glassy (Plate III, Pig. 25, 26).
Similar observations were made in S.sirbenun and &.adersi (Plate
111, Fig. 19, 24). In S.hargreavesi the Ring of Palbiani was
found to be euchromatic but compact (Plote 1I1, Fig, 21). Varied
positions of the Balbiani Ring were.observed snong apecies. The
position of the Balbirni Ring in S.girbenun is found just before
the centromere (Plate III, Fig. 19). In contrzst the position of
this narker, the Ring of Belbiani, in S.hargreavesgi, S.adergi and

S.ruficorne was situeted near the end of the short arm (Ylete III,



Fir. 21, 22, 23). In S.girbanup the Balbiani Ring is followed by
thre~ dark bands marked 'h' whicl are loeated juct before the
centronere (Flate III, Pig. 19). Thesc bends were not houmelogous
tc those obeerved below the Ring of Balbieni in §. harsresvesi,
S.adersi end S.ruficorne (Flate III, Fig. 21, 22, 25). These
observations suggest the presence of parscentric interepecific
rearraongerent in S.hargreeveei, S.adersi and S.ruficorme. To

interpret the sequence of these rearrangenents & detailed

analysis of banding pattern of the spoecies ic required.

Forg Yalbiani:

The Pars Balbieni is a euchromatic gitructure found on the
long arm of Chrorosome II and is the nein land-nark of this arm.
In S.girbanum the Yars Balbieni normally cssumee the shape of an
inverted 'u' like stmcture (Flate 1v, Fig. 27), but inr
S.hargreevesi, b.adersi and S.ruficorng the Fars Balbiani points
upwardés thut is in these species it assumesz the shape of a "u'
like ptructure and the relative pesitions of the marker were
different in relation to standard. These observetions indicate

the presencc of edditional paraceniric interspecific

rearrangenents (Ilate IV, Pig. 28, %1, 335) in these spceics.



MElipter’:

The "tlister" ie a lacerated puff found in the short arm of
Chrouosome IIT, Tt is the mein marker of this chromosome, It
oceupics & siviler position in all the four species (Ilate V,
Fig. 34, 35, 36, 37). It is eesily cetocted in &1l the four
gpocies since it ie elwaye followed by two very thick bands
narked 'j' (Plete V, Fig. 34, 35, 36, 37..38). In one particular
specimen of S.ruficorne the "blister" was involved in a

heterozysous inverion (Flate V, Fig. 39).

Lhromogone ¢nda:

Apart from the main landumarks chromesome ends have proved to
be geod taxonomic charucters gince they carry groups of
characteristic homologous bands. The slhizpe of the chromosome ends
aid to a cortain extent in identifying the chroncsomes. The
shape veried from conical to flared.

The IS end was found to be conical in S.adersi (Flate VI,
Fig. 42) and flared in the remaining three specics (Flate VI,
Fig. 40, 41, 43). Homologies were difficult to csteblish
because the terminal bands of each chromosome were too compact
to be read accuretcly (Plete VI, Fig. 40, 41, 42, 43).

The shepe of the IL ond wes found to be flared in all the
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four species (Flate V11, Iig. 44, 45, 46, 47). In addition a
singlec darkly steined band parked 'k' neer the IL end wes
homologous in all the four specice (Plate VII, Figz. 44, 45, 46, 47).
However, S.adersi can be clearly dietirgvished from the other three
species by the presence of two characteristic cuchromatic puffs
(Prate VI, Pig, 46).

The 1IS ond wae found to be flared and e prorirent derk bend
narked '1' et the basc of the flared section is shared in common
by all the four species (F1ate 111, Fig. 19, 20, 22, 23).

The 1IL end was aleo flared hut the flsred scction in
S.girbanun and S.puficorne were unstained (Plate VII1, Fig. 48, 51).
The correspending section in 8.hargreavesi ard S.adergi were darkly
steined (FPlate VIII, Fig. 49, 50).

The degree of honology was found to be more extensive in the
I1I8 arm, that is from the IIIS end up to at least the "tlister"
marked 'nm' (Flate V, Fig. 34, 35, 36, 37). The shape of the IIIS
end was either conical, as in S.girbenun and S.edersi (Plate V,
Fig. %4, 36), flared ss ir S.hargreavesi (Flate V, Pig. 35) or
pointed as in £.ruficomec (Flate V, Fig. 37). 411 four species,
particularly S.girbanun and S.hargreavesi were found to be
renarkably honolozous up tc the "blister", thereafter the banding

sequence of both species become incompatable cnd therefore
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difficult to compare (Flate V, Fig. 34, 35) «

The II1L end was flared in all the four species (Plate IX,
Pig. 55, 56, 57, 50). Homologies were difficult to ascertain
beceuse the tends near the end were not clcar due to the
unsatisfactory quality of tie chromoscael preparations.

The section of Chromosome IIII. of S.sirbanun marked 'n'
(Plate 1%, Fiz., 52) was found to be very clearly homologous to
thosc of &.hargreevesi (Flate IX, Fig. 53) and S.odersi (Flate IX,
Fig. 54) tut not 8.ruficorne. Homclosies were ascertained to a
certain extent in §.hargreavesi (Plate IZ, ¥i.. 53), thereafter it
was very difficult to compare sirce the Lends arce disturbed by a
constriction, 4 complex paracentric intraspecific rearrangement

wag found in z specimen of S.ruficorne IIIL (Flute Ix, Fig. 59).

. e
b WA
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DISCUSSION,

Deta on the chromosome urn measurenents and %WICL of the four
apecies studied shows that Chrouosome I of S.liorgreavesi is longer
thar that of the remanining three specics but the arm ratios of all
the four species remain constent (Table 1I). Zinring (1953)
has reported that Chronosome I and III of Morth Lmerican Simliidg
can vary congiderably in their @TCL then Clromosome II and that
traneglocationsg, duplications or deletions are the ceusative ggents,
Congidering S.hargreavesi deletion is rulced out eince there is an
increage in the length of the Chromosome 1, anrd while translocation
wes not observed duplication caunot be inplicated convinsingly
because it was impessible to cerry out the necessary detailed
analysis of the banding vpattern to reveal any duplications.

The feilure to observe translocatione, deficiencies and
duplications inr 211 thc three specice studied (S.sirbenum, S.adersi
and S5 .;g_i}_q_c:_mg) wes supported by the relative constency of the
arm ratios end the relative lengths (Table II) of their giant
chremosones. These observations indicete the conservative nature
of evolution in the Simuliidge. This view is supported by
Rothfels and Dunbar (1953) who observed that the nru ratios and
relative lengths of the chromosomes of = long scries of North

Lrerican Simuliid species were remerkably constant.
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The difference in the degree of pairing among the four species
(Plate II, Fig. 5, 6, 10, 13, 14) trings out the fret thet each of
these four species hag a charecteristic puiring pattern as
suggested by Rothfcls and Dunbar (1653) who congidored this
feature %0 be a useful character in species identification. In
species, where there was loosc paliring, tight peiring wes observed
st the dark banded regions such ss the centromere region in .
S.hargreavesi (Plate 11, Fig. 8, Plate IV, Fig. 29, Plate IX,

Fig. 54) end S.uficorng (Flste 1T, Fig. 12, Plate III, Fig. 23).
Thie observation is in sgreement with the view held by Wallace
{1966) that pairing cttraction is a cheracteristic fosture which
lies in the darkly stained bands of som: homologous chromosome
sections but not in the chromosome cs & wholec. That is, bonds of
dark banded regions behave in this manner; and Rothfels and Dunbar
(1953} have suggested that "difference in pairing signifies
convergent dovelopment of pairing relations in severel indeperdent
evolutionary lines or is caused by spuricus sascciation of
unrelated forme in taxononmie artefacts".

Although the haploid nurmber of chromosomes of the four
specics S.girbanun, S.harercavesi, §.adgrei end S.ruficorne are
the same, it was evident thot S.hargresvesi posecesed very large

chromosomes compared to $.girbanum, S.oderni and S.ruficona,
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Dhis could bo & refloction of high D4 content in the selivery
glend chromesono of S.hargrervesi as reported by kKothfels and
Dunbar (195%) in their work on the salivary glend chromosomes of
Levitietun.

The pregerce of heavily stained granules forming the expanded
region, s8 obsorved in S.sirbanum (Pilate II, Fig. 5), suggest that
it ig formed by the coalescence of the heterocchronatic section of
the homologues forming the gisnt chromosome (Suzuki, Griffiths and
. Lewantin, 1981). The presence of very light bands on mnd adjoining
the expanded region as in S.hergresvesi (Flute IT, Fig. 8) susgests

that it is formed by the disorganisation of bands, Similar
| observations have boen made by Rothfels ond Dunbor (1953) who have
- rgported that "regions of chromosomes not typically handed but
-gither desply or amorphously gtained or dissgegregoted and flering
apart are termed heterochronntie". The worphology of the expanded
region is an important feonture in charseterising segregates. 4s
may be seen in Plate 11, Fig. 5 and 8, the shapes of the expanded
region in S.sirbanun and S.horgreavesi ere unique; and this
feature ie absent in S.odergi nnd S.puficorne.

1t is important to note that the position of the nucleolar
organisnr in all the four speecies studied wns intraspecifically

- constent and interspecifically variable {Plete II, Fig. T 9, 10, 12).
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These obscrvations enphasize the importance of the nucleolar
orgeniscr «s & diggnostic taxonoric charreter. Throughout the
gimuliidag the nucleolar orgeniscr is nore often citusted neer
the centromers in Chromogone I. The nucleoler organiscr was
found in threc species in the sane reletive position but in
S.odorsi it wes in the apporent long ari, (Flate II, Fig. 12).
In S.ruficorne the nucleolus was found in the¢ other erm, awny from
associntod bends (Flate II, Fig. 10). Thig finding suggests a
heterobrachial rearrsngerent as reported by Zirring (1953) in six
North &nericen species. In nll the four species studied there
was a singlc nucleclar organiger located on Chromosone 1 only.
This obscrvoation is in contrast to that reported for Chironomidg
which are characterised by « dg nove appesrince of the nucleolar
organisers (Zimring 1953). The long arn beering the nucleolar
organiscer in S.adersi is poesibly the short arm since the arnms of
the chroriogsones used could have becen unequally stretched. The
oceurence of & pericentric inversion could have clso ceused the
ghift of the nucleolar orgeniser to the long em. The forner
explanation is more sccepteble since pericentric inversions more
often cruse the production of inviable ganctes.

There was considerable variation in the expression of the

norphologicel features discusaed szbove. This pettern of
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veriagtion was present within and anong specieg. The expression
of the Balbiani Ring veried fron o lacersted puff with a defined

contour, as was observed in S.hargresvesi (Plate III, Fig. 20, 21)

to en exploded structure es wes observed in §.sirbanun (Plate III,
Fig. 19), S.adersi (Plete ITI, Fig. 24) and S.ruficorne (Plate III,
Fig, 26). The expression of the "blister® wes quite conspicuous;
this tock the form of a loceroted dlstended structure in all the
four species (Plete V, Fig. 34, 35, 36, 37). |

In contrast the "double bubble” was not observed inlﬁ.adersi
and §.ruficorie (Flete I1I, Fig. 22, 23) while the Pers Bglbiani
was inconspicuous in some menbers of S.adersi. These'contrasting
cbgervations renind one of the work of Pelling (cited by Beerman.
and Clever, 1964) on giant chronosoue puffs. Using autorediograph
techniques Pelling is reported to have shown thet puffs are
produced &s o rosult of gene activity and Beernan (1952) postulated
that "o partictlar sequence of puffs represents & corresponding
pattern of gene acaivity" and that the bands involved sinply loose
their sharp contour and zesume a diffuse cppoarancc os was
observed in S.ruficorne (Piste III, Fig. 25) or the bonds may
lock og though they had explﬁded into.large cottony loops s was
observed in S.odersi (Flate 11T, Fig. 24). 1t nay therefore be

informed that the obscure nafture of the "double bubble” anong
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species and the Para Balbiani within the species.gqggggg;, suggests
legmer Or no gene éctivity at the loci occupied by the two features,
Aecording to Michelke (1953 sited by Beerman snd Clever 1964)
pro=cxigting puffs con regress completely and Polling (eited by
Beertien and Clever 1964) hes shown thot the rajor product of puffs
ia RN& which iz the retive ingredient in the aynthesis of protfein
reguired for layvel devclopriont. These obgervotions led to the
suggestion that "the pattern of puffing slong a chromosore is s
quantitative reflectlion of the pattern of synthetic activities
fron gene to gene™. In addition to the chove findings ezperiments
by Hans~Jocchiy Beckor (cited by Beormei: and Clever 1964) have
also ghown thot gedysone induces puffing. Thus any of the three

factors, the coplate regression of pre-existing puffs, lack of

- protein synthesis or cedysone could be respomsible for the lack

of the foriction of o puff such us the “double buhble“. Even when
the "double bubblce" was cbaent or the I'ore Bolbiani obscure the
bands adjoining the expectoed position of these features remain
unchanged. (Flote IIT, Fige. 22, 2%). This sugeests that elthough
the shape of berds chenge during doveloprent, the bonding pattern
renains unchanged. This is why studies involving detalled snplysis
of banding sequéﬁéés ere anong the nost relisble iicsns of :

identifying segregates.
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Inspite of the veriation in the exprecssion of norphological
lendnarks discussged cbove the festures that were found to be most
useful in epecice dirgnosis were the exponded region, the
nucleolar organiscr, the Balbieni l2ing, the Poera Balbiani the
"blister" and chroncsorne ends. In all the specics studied the
expression of these diagnostic landrerks wes variable but the
featurcs thetisclve were constent. In contrest, nlthough the
cxpression of the rensiring rorphological features, thet is, the
"double bubble" and the Perse Belbiani were slso veriable, these
fectures were not constert; thet ie epert fron S.girbanuc end
S.hargrecvesi toth fecatures werc observed in sore but not in all
the individuels of all the species studied. It is not surprising
that the two "unsteble" riorphologicnl festures mentioned here
could not be observed in some specinens. Jdccording to Beernan
end Clever (1964) the sbecrce of eitner footures could be
attributed to the eliriration of the horuione (ecdysone) or to
legser or no gene activity. Therefore, the constent presence of
the "unsteble" rorphelogical features in S.girbapun snd
S.hargreevesi suggests that observetions on the two species
invelved, only individusls that reached a devclopmental stege :g.t
which the "unsteble" features could be expreesed.

It hes alreedy beer gtated thet chronosone ends, expanded

P
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regions and chrouncsonel sections around then are among the
principal interspecific honologies observed in this study; the
experded regions or centric regions in species thet lack expanded
regions heve beci: nore relieble in detecting homologies then the
other chrorosonal morphologicel festures (Plate II, Figs 5, 6, T,
9, 10, 12, 13). These observetions are in accordence with
Zinring's findings thet chronosore ends end the regicns edjoining
the expanded regions are rerely involved in inversions. This
finding is expected since radiation experinents snd cytological
observations h:ve shown thet no inversions invclve the fusion of
unbroken chronosonal ends; thet is inversions usually involve

the recunion of broken chromosonel erds. (Zinring 1953).

The preservation of the homeclogous bands adjoining the
expended region, that is, the absence of bresks neer the
centrorere region, has been explained by Zinring (1953) es
selection ageingt the deletrious effectz of pericentric inversions
in reproduction. This view has been supportcd by Fhilip's work
(1942 cited by Zinring 1953) on chiasna preference in the study
of neiosis in Chirononos dorselis.

Homclogics of key sections in the I1IS end IIIL arms were

quite conspicucus eand curious. In the IIIS crn all the four

species sharc in common the scnc banding sequence up to the
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"bliater" (Plete V, Fig. 74, 35, 35, 37). In the IIIL ern, however,
only S.girbenup, S.hargreavesi end S.adersi show horology of key
bends nerked 'n' (Plete IX, Fige 52, 53, 54). Thesc key bends were
not observed in S.ruficorng. The horology between S.sirbanun end
S.hargroevesi (Flete V, Fig. 34, 35) is understandecble since they
belong to the esme group (group VII) on norphological grounds ss
reported by Crosskey (1960), while thet between S.odersi end
S.sirbgnun is not surprising since they bclong to the scne genus.
What is surpriging is the honology between S.puficorne of )
Busiruliup end thc other three species (S.sirbenun, $.horereavesi
and S.adersi) which belong to = clogsely relrted subgenus Simuliun.
These observations are indicative of the conservative nature of
evolution in the Sipuliidage (Rothfels and Dunber, 1953,
Rothfels, 1961).

The position of the nucleoler corgeniser in S.ruficorne
reveals & shift of the nucleolar organiser which should have a
lesscr lethel effect on fertility then that of a pericentric
inversion since the centronere would not be involved in such a
shift. The occurrcnce of & shift could be explained in tvﬁ ways:
the dg novo appearance of the nucleolus or es a result of
pericentric irversions.

The frequency cof pericentric inversions is extrerely low anong
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the ginuliids becruse of the fact that pericentric inversions are
knoewn to cause the formation of inviable ganctes; it is therefare
presuned that selection operates regeinst these kinds of
rearrengerents (Zinring 1953, Rothfels and Dunbar 1953, Dunber 1965,
Vajine 1973).

On the othor hend the frequency of psracentric inversions ere
cormon in the Siruliidee. (Rothfels end Dunbar 1953, Zinring 1953,
FPasternak 1963). In the present study there were severel clues
indicating paracentrie rearrangonents. The noat conspicuous of
these clucs werc the pesitions of the Erlbieni Ring in S.hargreavesi,
S.adersi end S.ruficornce In contrest to the S.girbgnun position
(Fle te I1II, Fiz. 19) the terningl position of the Belbiani Ring in
S.horgreavesi, S.ndersi ond S.ruficome (Plate III, Fig. 21, 22, 23)
suggests the occurrcnce of one or nore interspecific paracentric
inversiong. Sirilarly, the differcnce in the pogition of the Pera
Belbisni in $.horeresvesi (Flcte IV, Fig, 28) ond S.adersi (Plate IV,
Fig, 31) suggests the presence of rt lenst one interspecific
perscentric inversion., 4 singlc heterozygous inversion weas observed
in the short arn of Chrouosore III in S.ruficornc. (Plete V,

Fig. 39).
Pron the results it is apperent that Chronosone III has

undergone less change then Chronosores I and II., &4 corplete
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ennlysig of the banding pattern should revesl nore honolegiecs and
structural rearrsngencnts, however, this ie beyond the scope of
this stuly. OCOther lirditations of the prosent study inelude the

quality cf chronrosonal preoparations. S.harreavesi, S.odersi and

S.ruficorne yvielded poor quelity preparsations in conparison to
Sesirbanum which can be identified even with the noked eye. The
laxves of the former hed to be identificd with the aid of a
dissecting rmicroscope. Larvee cxposed in this nenner often yield
poor clroncsone proparations (Zinring 1953). This wes ¢xperienced
in the present study and confirred by Vejine (1982, pei; oomn:).
Since these preparstions were not good cnough for detailed anslysis,
it was not possible for excnple to establish tﬁe exect linits of
the homologies ancng species using the chrorosonal segrents thet
gdjoin the expanted or centromere regions. Inforoation on
Phylogenetic reletionships enong species would require detailed
studies of both interspeeific and intraspecific rearrangements,
Studies along these lines are nore likely to expose the
variability in &Lifrican S8ijwliids, and revesl the prescnce of
oibling spocies to throw more light on the taxonomy of the

Simulijdae in Lfrice.
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COLLECTION DiTi..

”
Sarple Site.| Dete of Totel
No. Locaticn On Map|{Collecticn|Collected| Specice Collector
L IR Knnr_:ir;i Dan 11 O} 31 45 S.r., S.a. COG.V" cht
20 Ti(j{‘. Do 1C 15"“1‘81 1 S.d- P.K.
3. |River Kedune(Meleli) 5 18-4-81 145 |S5.d., S.a. F.X.
'-r“' )
4. |River Kadunr{Melzcli) [ 5 54 -5 180 Bafie P K.
' .
5. |River Rudtme(!’:alali}"_ 5 20=5=11 4 S.a. PK,
6. {Kengini Dan 11 27 =h=ii1 rone S.re E.K,
7. |Tiga Dan 10 4B 200 S.d. r.K,
S RIS
1
8. | River Sarkin Fawco 13 18=6~-51 | none S.d. P X.
+ g
!
10l Ti-cﬂ Den i 10 Z 2 !5-8-‘. 15 Daede }I.KI
o -f LY E—_ ; - -
11. |R. Kogur (Kafrncirn)y A 1=T=531 none - P.K.
_— - —— 1'-— -
12. | Kengimi Den 4‘: 13 C0=T=E1 50 g.r. P.XK.
1 3 - Tig(‘ DP—F 1 ‘_.I ?3""7-5‘1 i ?O S .d - P.K -
- — - st et e i ————— e = - ——
14- Univ&rsit}' DE‘.;'- I 4 23"?"‘ 1 100 S.h. C.G.V., P.x4
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S anplel Site| Date f Totel
No. Loecation On Mep|{Collection|Ccllected] Species | Collector
15. Univcrﬂim‘ Dan 4 27=T=31 120 Sl ¥E.
16. | University Dan 4 5-8-£1 125 5.0 F.K.
17. | University Don T-9-81 50 S.de P.X.
Meiruwe Dar ; 2
180 Dutainﬂt‘. D!."Il 1 9“9-81 225 5.&- P.K.
P.Kl' &‘.CU.E‘
19. Ef‘.ﬁ'om DEI‘. 9 13"9_R1 200 Sele H.EoD.o
20. | University Dan 4 14=9=51 160 S.2ep S P K.
: i
21. University Dan 4 22-0-81 140 |S.¢, 8h.] P.K,
22. University Dan 4 20-0-81 80 Ead, Sah.1 P.X,
23¢ Universit‘_‘,’ Dan 4 2=-10-681 85 0.0 ’ S.‘ . P.K. 4‘
24. University Dan 4 5=-10-71 11C S.0y Selhe] P.K,
25, Univergity Darm i T=10-£1 9C S .l F.X,
26, |Kangiri Den (| 1 4=10-51 11C S.0; B.he] F.K.
i ]l___._ b
27. | Kengimi Den 11 | 22-10-81 60 !s.a, S.h. F.K.
28, |River Kedung (G.G.) 5 25-1-82 150 Dedy Sete| SJF.
N Solp S.Q.
[ 29. | Belew Creek(Xegoro) 7 30=1-82 30 | S.el. P.X.
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Ja AT Lt JL oo F' ‘1: i ". A‘,"l_1-ts’__‘ 1"(. S.}l- I-l\.
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7.'_;, Hlver Arndun: -f;.'., ! 3 l 2 =A4=82 15 19 o fie -cJ.l .y l.i\o
(e o . | R | A )
G.Ge = Covernnent Gerdens ClGeVe = CG. Vajine

S.ds = S.dommesun s.l. P.K, = P. Kunar

S.h. = S.horgrecvesi AU &. = 4iJJ. Egealor

S.a. = S.odersi HEJDe = ME. Dyer

o

.IT. = Peruficorne S.F. = S. Iresertphon

(2




Idiogrerns

Fig. 1
Fig. 2
Fig. 3

Pig. 4
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NO -
B -
db -
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S.ruficorne

expanded region
centroiere
micleolar orgeniser
ectopic pairing
"double bubble"
Bulbirni Ring

Fara Balbiani

"blister”
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Bxpande! Region and Nuelcoler Orgeniscr

Fige 5, 6, 7 = S.girbamn
Fig. 5, S, 14 - S.hoprrcevesi
Fig. 10, 11 - S.edergi

Fig. 12, 13, 15, 16, 17, 18 « S.ruficorne

fer

EX - e&xponded region
c - centrorerc
NO - nrnucleolar corgeniser

IC = cctopic pairing

J( -~ Tdrection of arro:

[N



a

V. o v
. F zc!&\ ..-hn to‘g
7




1LaTF 3

Short arn end of Chroroscre y I

Balbiarni Ring omd ¥louble bubble"

Fi&- 19 - §t§i£bﬂa\lf
Fig. 20, 21 - S.hargreevesi
Pig. 22' 24’ - __S.i&r_gﬁ_i

Fig. 23, 25, 26 "i‘w

BER =~ Belbiani Ring
dav - "double bubble"
- centrorcre

- puff

«— = ©
]

™4

Diveetion of arvow indicatis

vy long 2rm,.






JB -~ Tero Belbieni

\L - Jirectin of arrovw indiepz+
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Short art: end of Chronosone 111

Blister
Figo 34 - .-b_oﬁi;biﬂu:
Pig. 35 ~ S.hergreevesi

FiEU 36’ 38 - §_..’1dcrsi

Fig- 37 - _S_omficomf.'
'pl' -~ Ddlister

Fiz. 39 - S.ruficorne shows an inversion irvolving the "blister" -

‘défoxr to 'i'.

\J( = Mrection of arrow ‘ndicates short 'o long arm,
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Long ar:

Fig. 44
Fig. 45
Fig. 46

Figt ‘:7

1L4TE 7

end of Chrorosore 1

= S.girbenun







YLiTE 8

end of Chrcrosore I1

bort
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Hiddle pert of tho long arn of Chronogorn: 11z

Long ern end of Chroncsone 111

Fig. 59 -~ Sguficor—e shows an inversion involviws the lons orn

of Chronosone 111 - refsr 1o 'it.

\L - Directior of arrow indiezte:z short to l-ons 2rm,



73
}

A sV e

:
-

§

‘)f




