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. ABSTRACT <

- . An. assemblage . of Cretaceous , Diptera, recoverad from the
: _.sad'iment_s -af thé'Orap& ‘Diamond Mine, Botswana, is désc:r::l.’ded.' :

The fossil Diptera are placed in the following families:
' Tipulidae, Empididas, Hybotidae, Bibionidae, and possibly the -
Mycetophilidae, Rhagionidae and - Amsopodidae. A mew  pulid

_ species, Hellus "hotswa_nenais {Tipulidae, subfamily Limoniinae),

is .described; it is ifhe - oldest repa:és_entative. ‘of tha;'

subfarn:ily. Elevan crl:her:._" tiﬁu‘x"ids are de.s_cribed; - the_sé ara
not as d.istinctly presarvad and can not be classitied . to
lower than family level with confidence (eight . probably

belong to the subfamily Iimoniinae). - Two new species, Empis

orapaensis = sp. nov. '{Esﬁpiﬁidae; subfamly Emp:.dmae} ‘and

 Pgepdoacarterus orﬁgaensis ge'.'i.' et  ep. nov. (Hyboti&ae,_'

. subfamily '.E.[ybotinaa} are +the earllest  record of their

respective subfamilies (_thef_ are the only Mesozoic : members

nf these Tamilies - from ‘the saﬁtham heﬁispﬁera]. - Specimens -

'wm::h 's.u:obably belnng to the fami]ies Mycatcph.ﬂidaa and
) Rhagiomdae andfor . Tabam.dae are deser:l.bed, tagethe: with

the wing of - a pcasible Rhag:l.onid. Tan. poozly pr_esérvéd_
dipterans o nnidentiﬂed ‘families are also recorded and

:Jlust:rated; some _ten_tat_ive identificatibns- inchlde." the familles
' Mycetophilidae and.-':AniSopoﬁidae. 'Four specimens of the

famdiy Bibionidae :Enrm the hasis of a new genus ancl

o lspacies, c:etobibioniﬂa anticua.



i

The - fossils reveal details of the Jalaecenvironment of the

Orapa régio:i’_.' ‘The fauyna lved in & crater formed by the
eruption of & Kimberlite pipe. The Diptara fed and bred

. near  the crater lake, in a wam,  humid, - pvobably . well-

. wooBed v shrubbed  hab..at,  with -sessonal - rainfall. The

Diptera were eariy _pql]inai_:du:s of angiosperms.

The - conc_ept of fb'ssﬂ. _apeuiés is d:lscusseﬁ. " Many of . the.

dipterans show remarkable stasis.
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B} M"i'{:. B _

. sEBcoEN 15 mwzfzszaal, whale speciven.
B SPECTNEN 2: (BP/2/Eraquen), whole specirea,
C. SPECTMEN 3: {EB/2/25874), whole specinen,



. A, SPECTMEN 4: _.{_._BP..123'2585.2}, m specimen. .
" B, SeECTVEN 5% (89/2/25248) ' vhols specizen:
C. SPECDEN 6 (B2/2/25911), whole specimen.
D.” SPECTMEN 7 {BR/2/2565") , whole specimen. o

PLATE 132 |
A. SPECTNEN 8: (E2/2/22455), wlnle specimen.
" B. SPECTVEN 8: mp!z;z_zq,ss'),'&a'tauq as head.
| C. SPECDNEN 92, (EP/2/26872); vhole specinen.
D. SPECIMEN 10: {BB/2/26238), whole specimsn. '

mam e _

A SEECIMN 2: (EP/2/22453), vhole specimen.
B, SPECIMEN 3: (B8/2/22455), vhole specimen.
C. SPECDMN 1: t_np/z,'fzzm),' whola specimen.
D. SPECIMEN 4: (BP/2/22456), whale specimen.



' CHAPTER ONE. -
. INTRODUCTION

"1.1. . LOCALITY

_T};e_ ‘Oraps’ diamond'.mine {2i25 A{KT) is .hcatéd over 'é
'kimbe&]ite_' pipe  in the  Central District of - Botswana,
‘approximately 220km west  of _fiancismwn at 21017'5' a‘hd-
. .2'5°21'E - (Fig, | ). :‘I'he .surrouﬁding. area has - an’ average
eleVat:Lon .of. -960m. a.bove sea 1&\?31‘ and . the countrysida 15.

flat with a few low h:l.'!.ls Ei.n.d ridg‘ﬁs {A.'_llen, 1981}. The o

Clinate  is .semi-azid, . with sn . average minfall of
‘approximately 500mm. Rainfall is sporadic and, when it

occurs, - sudden rainstorms are characteristic, 'remperatgré .

varies from = 42°C in summer o  0°C in . winter, The
: surround:.rg ‘vegetation consigts of smaJl mopana trees am‘i
__ grasslands {Bilen, 1981). '

1.2. BGROLOGY

. The _.éubsurfac'e' geology ‘of the ;i;ea i5 a typical Karoo
saqﬁ.gnce, with Stormberq-age {I.owe:: Jurassm} baaalts at .the
| :sﬁrﬁaca {Fig. . 4]. Underlymg these are ca.ve-—«sandstones' '
{Lower ‘Jurassic), and bslow this are tha shales of the Boca
. stage . | {Laﬁer "Ea:mian}.: Overlying the- Karoo sequence ' are.
 wind-blown .sgnds, | calcrétes, ailts  and sa.lcretes of Kaiahari )
~age (T_ari.:iar}_r_)g._' | | '



The dismondifercus orebody is a' kimbaﬂiba':bip_é, sverlain by

kimb&n:l'iﬂc _: sedmentary _ racks.' 'contained within a crafer" E

approudmately SOm deep . and 1km in diamater {Plate 12 A-E).

| ‘This i= illustrated in' Fig, 2 (a s:.mple aerial plany . =nd Figl

3 la .cﬁ:oss—se'ctio.n.l.' Figure 4 represents a 3—-dimen5mnal"" '.
reconstrnction of the ncn:th-—-eastern sectcr cf the vrﬂ.cano,_
and ﬂlust:atas_ _ the cx:ater_, its surroundinqs and the inten.qr '
at a tiine' 'sh.m:-uy. after | the eru@tioﬁ.' Mas.is. 'n.tcjvemeﬁt of
material by gz:av:li:y avalanching and wat viscous . deb::l.s flows
cansed tha collapse of pa:rts of the volcanic cona and xim
 into the crater, I,acing the sedmants ;Ln their mresent
poéitions (that is befora m:-.ning ope:r:attons started remov.{ng.'
tﬁam}_.

“In . the. _fo]lowing sec'l'ion T, :l.n'bead to  review hn:ieﬂy the
types of sedmant found in g rs ecrater, and what fossils
they have y:r.eldad. I add:tn..;,, data .on. the age of the_:_
eruption and ‘burial of the fossﬁs are presented. Thase |
.subjegts ara _;d_ealt with in more Ge_tail in a mennscript (in

preparation) _nf_' which I am co-authar.

Four types of  sediments have been d:lst:.nguished {Dobbs,

1578). | | - S

' (&) Coarse sed:ments, in the 'forﬁx of steeply dipping. 'ta.lus
nd shallow dippmg debris flows, arnund the Skm
circumference of the aca.t'e:c in 3 majer fa.ns _ -

{h) Granular mid flows withic the borders of the above.

fc}_ A few _'fiﬁvia.l sefiinents, o o \ _

{d} Trne~grained _5e_diments (the playa gro'up)' cﬁmpaseﬁ: of



shales ‘I’hese sadimants pu:obably praceded .and
fo]_‘l.owed the granulax e f.].ﬂws w:.t:h wh.u:h they are
interbedded. _ These fine—grained sedments were also B

_prbﬁ'ahly_' _ deposited by the satti:lng - ouk frum-_

' 'suépansion i ih' a crater lake, after fsubaquaous '

.rrrudﬂ.owa ha.d oc.curred.

Il: is with:.n these f:me-gramed 5ha1as ang: mudstones {Plate

H D} that fossll insects and plants have been found (Figs-' '

2 & 3). The coa::ser - gediments, a__lt_hough. far ncher in
~ dizmonds, have vielded - only a . few, rathér poorly preserved :_

Several ‘kimbexlite pipes (including Orapa), located vithin the
Trangvaal " Craton, have. given raaiometﬁc. ageﬁs." ranging.
hatwégn. 95.4 and .81.7 million "yga;s {Myr} {Davis, 1977};_
Oré.pa has been so da‘l:ad ak  93.1  Myx . - around"_ the

-_Cenomaman;"rurcnian boundary in the Uppa:' Cretacaous. 'I'he'

- - dates are based un EStimates of the accumulation of lead

lsotopas --(the dec.ay products o umnium) within = zircon
crystals in the kimberlite, _Add:l.tional r&;ults from fisaion
track dating of . the Ompa zirgons have given fasults' of
”&7,'4 | + B.7. Myr, énd- 92.4 % 6.1 Myi: ' {Haggerty gt al.,
19.83).- A palynaloglcal gtudy has been carried. Qﬁt on the
sedimeits  which also indicates an early Upper Cretacaot.s

age {Schol:tz, pers.. cnmm.}. .

 The radionetric dates a:epresent the tlme of eruption of the
- Icimba:hte, or, more coxracl:ly, the time . o:E the loweﬁng of



. the temperature of the zircons below 1 200°c .(McKay .' &
' :Rayner, 1986}. ' Howevar, Jt: seems likely from the nature of _ .
~ tha - arupted kimberlite, the aedzments and the basin, that_

.-the crater wowld have taken lﬂ:tla time to f.ﬂl, perhaps '
“less than 0.5 Myr (McRay & Rayner, 1986), or even as

Yitle as’ 200 000 ‘yrs - in the case’ of a smilar pipe (Smth,_

'1986)_. The age difference batween the kimberli:te and the
sedimeﬁts may, therefore, not be sigmf:.cant. In aaditinn,
. the. recent study of the sed:r.ments . showa that muc,h of the .
Ifine mate:ial rapresants m:hidite dspcsition. This is also.
consistent with a rapdd sedimentation rate. | o

McKay _ﬁ-san .stated. that - infersnces from the Insact fosall
fauﬁa ' of_. : éra.pa,. : particularly the -  carabid bastle

Palgeoa:dnidium, .support the radlometric é.nd palynolog:n.cal'
-dates. . of Upper é_rétace_oi_:s far tﬁe deposition of the _

-sedinents.,
1.3, FOSSIL FAUNA AND FLORA OF ORAPA

| The sediments of the Oxapa . Diawend mma have already
yielded a 1arge rmmher of fossil :Lnsects and plauts (Dobha,
1978; McKay &.Rayner, 1935, Rayner & - McKay, 18863 Rayner,
'1937_;' 'mxay,_ 1.987; Watans, 19892 & b; nayner._ & ._wataé,
15.89; -Bamford; 1988; Réfner & Wabers, - 1980). The
- assemblage Is entirely of a terrest:ial nature, w:Lth " tha
'axcaption of two tanta*:l.ve identjfications' one of a gyrim.d
. the _othe:r: an Odo_nata. - Indesd, there e nei’cher aquat‘m
: nféan:isms T tbéca fcam.ls ('burrow; 'apd t:_facks_ : _of, Foar



akample. insect 'la::"vael that would :md:.cate the presem:e of_
'animala living with.m the lake or its aeéhmants. . S

Some . oi '_'the fcssﬂs, the inSecEs 'parl:icularly,.. are_. .s_o-
- axmusitely preserved that apacimens hava been pla.ced Tiot
‘only into extant  families, but_ subfamilias, _tr_i_;bes_ and even
:Ln recent genm:a,' ar. subée_ngra (Mcx'ay,l- 1987; Waters, -198%a
& by Rayrler & Waters, i989}' Rayner & Waters, 1990). In
'adc:i:tt:.on, some axl:n.nct forma hava been faund {McKay, 1987;

N'ata:"' 989}3, Bantfurd, 1989}, Almnst & 000 specimens have' )

‘been recovered from the mine, from 15 sites. 1In  this
co]lactmn 44% are plants, 513 are insects and 5% ara
unidentified fragments (McKay, 1987). |

The ﬂora of Orapa (Bamford, 1989) has been grouped into
.fi.ve categeries. o D . ' '
(a) - Praxidophyte (farn) fragments (98).
{h) Ang:.asperm flowers {14%). | _
(¢} Leaves (45%), bslonging to tha La.u:caceae,. _Cunbnina‘cae_za; E
. Bamameldaceae, palmate D:J.lemidaa, Saxif:agales._

(@) Stems (15%),

(é)_ Saeds (17%),'

'.Small amounts of charcbal, mdicating the. poss].ble presence

of natural f:!.res, ware a:tso collected.

Amongst the iusects, _ ruost mdem ardgs are reprasantad,
h_owever, 48, 67% of the - total cannot . be 1dent:f:.ed. The
remaining 53.33% comprises thé following taxa (as lsted by



.McKay, 1987} .  Awith'a faw addji:ioné which are"referericed)_.'. .

{a}_ ‘Blattodes  (cockroaches) (10. 83%). h

(v) Dezmapters (earvigs) {O.BH.

{c) Orthopteza {grasshoppars, ‘locusts and mc!rets} (1.3 %)ﬁ

(d)  Hemiptera (bugs) (3.08%) - A member of ‘the _Apru.aomae__
(Genus. Siphonbphdroides} .hE_l.s been’ _'.fnund_. {Rayner &
Waters, 1989). " B

_(e).. Coleoptera {beetl%} (35%) - Five fanu.'lieﬁ have heen :

 identified. _ - - _
4 Caraj;ida_e {ground beetlaés')., with. the 'Eouom.ng four
subfamilié’é as _Ci:etaceoﬁ_s' répraéentat:_l.veﬁ: |
Promecugnathinae, - Bcgzatinae, _ o Ha’ﬁ:pal:lnae,_' .
Anchomeninae, ..

i, Staphﬂinidae (rove beatles},
i:i. Scarabaeidae (dung, rose and rhino::eras heetles} H

iv; - Elateroidea (click ‘beetles);
--‘,',.' Curculioncidea (veevils). _ _ _
(£) Diptera (fies) (4.058) - Approxinately five definite .
and thrée 'pdss:l.ble".'familiefs are represeﬁted in the

coliectionf Fig. 68 s a dlagramatic representation

of. thei:: ralative percentaqea. _
i, mipulidas (crans flies) with representatives of the
subfamilies Limoniinae (Rayner & Waters, 1990) and
 Tipulinae; Figs 11-36 Mustrate 12 Tpnlidas. ) _
ii.. B:Lbion:l.dae_ {r&azch. fljes) -  subfamily Bi.ﬁiorﬁ.inag.
‘Raynw:, 193.7}: 4 spacinens are illnstrated in Figs

© 64-g7. S |



EN Empididse ma.@ce_ f.li.es] - subfamily Empidinas _(Wata-s;
1989a); Figs 37 & 38. . L
v, Eybotidae - subfanily Hybotinae (Waters, 1989%); Figs =
| 42-4a. D e '
Y _Mycetopfﬁ.lidaa - Pigs4?‘ & 50 R
wi. ?Rhagiofﬂ..dae - f‘igs 48 & 49.
v, ..?Anisoéo'didae'_ - Figs 53° & 54, _
(gl Hymenoptéra {wasps only, no _bees. or ants have .' been -
collacted) {3.96%). < The ~families (i} Ichnewnonidae
and () Braconifiae - (both pavasitic wasps of the
guborder Apnc:ﬁ:al are.' represented,-. as _. ‘i the
; supev:famﬂy (it} Proctotrupaidea. : | | o
_In_ addition, two other arthropods have.. been identified in
"the assamblaga balonging to the crder ‘Arachnida. '

in contrast, there ha.ve been no ‘sther. animal mm_aiﬁs
repm:ted or co]lected fxom the mine sadiments {Dohbs,- 1978}. '
- MoKay and . Rayner {1985} and . McRay (1987) indicated.

Posaihla reasons for the:lr a.bsence. " They ' concluded. .tha.t _-:
' the mast Itkely -reason was that the hke- véaters. yere

'pozscmed by excess sa.h.mty or volcanic residuas and- thad‘.

most plants a.nél :Lnsects psceeerved in the sed:l.ru.ents came

' "from outaxﬁe t:he 1aka.

: The plants wa:e more abunda.nt: in the highe:: 1evels of the
suecession, whereas '_ the :I.nseats in the. _ lower ' pa.tts,
_. sugg&sting ‘an increase. in - ﬂar:al diversity and abundance-_-_ '
_only at 1ate£r: staga of the infz]l of tl‘e m:atar. a



1.4, METHODS AND MATERIALS

' _nater_iai was collected from 15 &ifférent sites in the Orapa

_Mine du:::!.ng seva:al tnps to 'the mine _from 1983 to 1988..'-3 '

.-Large blocks of rogk ware. rﬂmaved from the various rock
faces axposed hy mining act:.v:.t'l.es, ‘a ‘relatively easy_ task .
'since_, af_ter_ _blaa_t:l.ng, blocks break away along claan. _r;éat
and more or less horizontal bedding planes (Plate ETS D_' &
E). Pieces baar:l.ng fossi'ls ‘wera Easl.ly identiflad. These
' vera mdlately wappad in new:spaper to prevent aracking
.. due to rapid heating - and drymg of blocks in -tha sun.'
Cracks were traated wit:h Glyptal {a lacquer cement pxoduce.d'
.bY Ganaral Electz:ic} to. avn_d_ further -fracturing of the
‘places. Care was taken that Glyptal was got_'pamted onto
~ tha fosgils since thig -causés éxcessi.ve gléré vhen  visved

under the microscope.

S:pecimana are currently housed .a.t".'t_he' Herbaxiﬁn of_ thé
Bernara Price 'I'nst:li:ute. _f_ar. _P_ala;eontological.- Research,
 University of the Witwstarsrand, Johannesburg, Séuth Africa.
| In due course, many of * these - m.'.il be ladge_d.' in the. -

" Natiosmal Museum :Ln Gabc:r:one, Botswana.

- Spedixiﬁans --'weré not prepared in any way bafore obsa:ving

them under a microecoge as the ahales and mudstones are

extremaly bﬁ.ttle Clea.ning a. apecjmen with a fma pa:mt
brush, or. with an inseot mcuni:iug nesdle caused unwented
flaking nf fzne dehcate lafers Before observation, “the -
speciman was Ziightly dugtad - wi:l:h a blower brush. .



Bpecimens were- obsel:ved and photographed usi.ng a Zeiss sva
'trﬂ.croscopa {somp ware photagraphed with a Zeiaé Pyram.d

photomicroscope} using Ilfnc... Pa,n. F fl.lm Specimens were

il:.ummated with. the aid of ﬁhre—-opt'ic JJ.ghts wzth polansmg
f_'llte_n_:s, '_fine_ deta:_i_ls of the .fcssﬂafercua ‘material were
' erihanced' in th:Ls mannér._ a camera—-lucida and photograph—_

. projectar were _used :Eqr “the _detajled drawings. In these, _

‘dense or sparse dotting/shading ‘indicates  the -amount _of
-erganie ‘matter | ramaming. ' To - make the _ thesis cirg
convenient to use, plates a.nd f:l.gurea are 4in a saparate

volune from tha text.

 Classification and terminology (Figs 56,7 & 8) follow that
of . NeAlpina -(1981), ‘except in Chapters 4 & 5 which
.' concern . the . superfamily Empidoidea; here, a more. recent"

classificatmn system is employed {i.e. after chvala, 1983). '

Mode of fossil 'pres&rvé'ti.on at Orapa: all .fossil' diptecins
-are  coglified  compressions; ' _ oi:ly_ the  rhagionld/?tabanid
(Chapter 6) displays some rellef. . '

1.5, DIPTERANS AS A RESEARCH TOFIC.

of _th‘e ‘insect orders, I. ;hose to study the Diptera for tf._he'
following reasons. ' -

{a) Sediments deposited in the crater are relatively rich in =~
fossil aipheians-."'. ) The . quality of presexvation e
gena:ally good, and in some cases excallent, Study



- matenal was therefore read.‘-ly ava:lable.

(b) Very. ]Jttle is known abaut cretaceous dipl:a:ans, :huch
' more mformation is avaz.lable o dlpterans of t:]:le :
' permds preceec‘:‘iug anti folmwing the Cretaceous ez '

{Rohdendart, 1974" Bennig, - 19-81 )._ : _The Cretaceous
is, - hoWavE:, of great s:l.gnificance, . as it ig then

" that wa "see the .sudden appearance - __dE 'angigsperm

. dominated .floras. ' Tt was alse 2 pariod of many

- other major geological and climatic . changes, and a

. time of faunal extinctmns and. cn::l.gms

{e) The taxonomy, _ biogeoqraphy and ecology of extartt

'-nece'ssar;.r for cumpamon of fossil specimens' to.

. mpdern species. It is. also assential for

" ‘enables conclusions to ‘be dravn’ with regard to the

Diptera are relati.vely well unda:stood. This is

intérpreting the environment, climate and geography
of the area at the time the fogsil lived, and it is
a preraquisite far inkerpretations of the biclogy of

‘the Lossil, _”Thus, study of c_retaceoﬁs Diptera

palaeoenvironment " of the Orapa. regiun. 'Knowiadqe

- of the madern speciea is zlso necessary to gauqe

@ The

imp]icatiom of the 'Eqssil i evolutionary_

patterns.

fossils may mrovide details of. the 'phglogeny of the
Dipi:eré, - Data on Cretaceous Diptera are . lacking.
1t shonld be - nnted, howavm':, that the phylogeny of
the diptera {and a:L'L other am.ma.. anﬁ plant Qroups

for that’ _mai:_te:_)_, can only part:‘.a:lly be descrz.bed.' '
with the ald of: fcssﬂs. Pemporal _-and -apacial'

10



d.eficiencies of fnss:rl material are raal, and fossil.
material, when available, is often incomplete. :Als;o, o

'the materisl only allows for the morphology: of the
crganisi. ‘to be studled, all other asﬁects need. to

__be deduced Deductions are nec&ssary as phylogeny .
is not defined on mnrphological characters alone but
also on the behaviom:', prefe_re_nces_ an_d relatior_lships_
' of a fossil’ {whe.n still “living) -'compafed to its -
contemporaries, members of a moaern, axtant or.i_‘lei:,‘

famjly or sometimes even genus. B

1.6. INTRODUCTION TO THE DIRTERA

The - Diptera constitutes one of 'ther_ largast orders of

 insects, with more than 150 000 described and undescribed
speciss in the world fawsa (Colless & HcAlpine, 1870},
‘There are 16 318 val:.d 5pecies in the Afrotropical Regiocn

(Crosskey et al, 1980) and thesa are distributed in ‘2 009

..—.--—-

' gemera; an average of B.12 species par genus, This is

consistent  with ‘averages calculated " for .th_a other major

zoogengraph:.cal xegions studied {the ﬁearctic' ahd driantal

' Regions}. The Diptm:a is. an extr:emely successful and highly .

" diversze _tn:der:- hqwever, the_ factors regponsible for t_hls are
still ot clearly understood (Hennig, 1973 & 1981).

‘The order "co.mpria'es many' common. and familiar Eforms, _ﬁ

number of which are. of acononu.c impartance. Moai:uﬁ:oea,'

black ﬂ_uas, hm.-se ﬂuas, stable 'ﬂiés _ana others care

'bloodsucklng aud are serious pests crf humans . an.d an:i:mals,'

1"



ST

and many are vechérs of disease. This is particulaﬁy a

 prokilem :Ln tropical Africa Othe.rs, by v:b:tue of their
parasii:.c oo predatc:cy habits, are benafxca.al, pJaymg -an
mrpcu:‘tant mle in regulal:ing the populations of nurﬁerous

plani:s 'and am.ma]s that adversely affect human WEJfare..

Even the mst p:::h:titive Dz.ptera are: known te he  predators
on - other ipsects - (Downes, 1958). ‘Thetr role in the

pollination of rplants is- "t of v:i‘.al _:lmpbrtan_ca. There o

a’ré also, unfbrtunaﬁely,. i - xeat nany 'foms which, due to

the fact that they are -neither advamtageaus or a nu:!sance'

to humaus, are :Lnaﬁequately knﬂwn

Among Mesozoic insact fossﬂs,_ the Diptera - are better

'repmesented than any . other: group {Remjn,' 1976; Hennig,
1981), and, as a palaeontologist, this stimulated my interest

_:Ln ‘the group as a '-whole.' As a resmlt of this ralat:.valy

.gcad . foseil  reccrd, '_ _t'he: phylogeny of the Diptera has
" already been the subject “of a - number of studiea " {Hardy,

 G.H., 195%a.4& 1951b; Rohdendorf, 1974; Hennig, 1954, 1973

& 1981},
1.6.1 DIAGNOSTIC CHARACTERS OF THE DIPTERA

OfF prima\:}' importance o th.is ‘study . has  been an
understa. g of the means of identification between vardous

. 'grduig : _qf insecta anél,- - pore spemfinally; regognition  of tha.
_ Dipt:e&.a. - A lmowladge of the graundplan charactatistios af -
the order was ' Hmrﬁfore assenﬁal. This was even mor_e

' impo:_tant,_' gmce mick of the fos_s:ll materia) is --fragaehtary.



Henm.g {:973) ]Jsted the known derived. groundplan o sracl:ers

of t.he body paxts of the Diptera in gene.ral In twof.'

. other papers (Hann:l.g, ‘1954 & 1981-]; he d_acussed i1 more

13

detail what he considered to be the fundamental features of

the t;pical groundp:_l._an -m.ng.

' In adult Dipters, as with many other insects, wing venation

is the’ main feature . use&_“.for. .idenﬂfigation" of - recent as
wall as foss:ii ' spaéimené.' The grnﬁnd—plan . mation of a -
Ny typical diptaran wmg is ﬂlustrated in E‘igs g & 9. The ._
two lustrations - show the _sama besic wing venation.'

however, the terminclogy in Fig. 8 .{Mcalpiné et aL, i981)

is more up to date and a pterostigma and. anal loba . azre
included, in contrast ﬁ:l.th' ﬁennié's original iJJustration (E‘ig
8). The wings are the only parts nc:rmally preserved in
detail in the Ozapa foasﬂs, themfona-_ I Hst the main
© characteristics below. | o o

(a) With a few eic'ceptions, - most Dipfexra l:ian _be - readily

d.lst:r.ngmshed from other insect:s by - the pcssession.
of a single pair of mgs, the fore wings. The'

* hind wings are reduced to sma]l club J:Lke ' organs

called haltaras, “these serve ‘a8 ' structums- of .

equilibrium, and thefr . p':ras‘ence-' .ﬁ’s- usua]ly suEﬁcJ.ent
to ideniify adult status {Dipteran larvae are

-.r:o‘- as read:ly distingﬁisahed from larvae otE other.
“insect orders: the former - ave ma.;nly characteriaad '

by ‘the ahsanca of thuracic 1eg5 a.nd ap:.racled 'aat

'cal’nn_oi:-_ ~ close). The halteras also distinguish the
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"'.'r.'he parite'.dor vain of ‘the cfnbitus (Cup) :ts raduced and

(h}

(1)
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 Diptera -fr'om its  closély-allied sister group, khe

Mecup‘:.era
'I‘he. base of the front w:.ngs is nar:ow

The costa (C) ig presant a::ound the e.nt:u:e wirig edga._

ma:'ged w:l.th Biw _ _
The - radial sector -is dichotomously forked, aﬁd four

" free branches :r.'each +the wing margm : \m"' ig fus-ad '
with the last branch Rz, [This, howaver, is not'
" confined to the Diptera, but is charactexistc of

most Neapt:era) P

Mp~ is the "or.;ly represéntative of the media in -the

Diptera (as. in most Neopteu:a), and 'i:t' is also
dichotomously forked itrl:o four branches. However,
" the fourth branch (M.} is not free but is . fﬂseﬂ
vith the anterior hrench of Cuby. .

The cubitus has 'only:one free. -S:_#ancn- ;mg; '

o:nly s]ightly scle:atised‘ iks basal part, devalaped
“as a vein,. iz clasely pu.‘L-'Led f.oward_s' Cud, and, the
distal part is only vissbls as a fold. | : '
rwo anal veins are mwesent {2, a’.ﬁd 'nz'j". .

Th@ra ave very faw crcssveins in the Diptera' '

' -there is ng crnssvem between the o anal veins {n,
and .32} whicb. are pari: o:E the. groundplan of ‘the

Jiptera.

The hind branch of the subcosts (Scy) is partislly

.14

~the costal and subcustal fislds are . almost ent:l:éiy o

 without crossveins. In ..,..s qo'éi:al gield, only -the



humeral (h) crossvein has been retalned.”
-thau:'e is a connectl.on between the postaa:ior b::anch of
' _tha radial seator ARg5) and ._he anterior bx:anch of

the meﬂ:.a (M1,2) and  tuis has heen called the

anteriur cmssvein (ta}. It "is not consmerea _t_o'

: b a true crossvein, o
" the | so-called posi:ermr : -zrdaséei;ii {tp) * between M, (or
M 4M,;) and M3 s a true crossvein. o R
-3 cbnné.dtion- reseﬁb]iné : _.a . c:cissve_ﬁn {aas:he:c called &p,
-  now. sometimes m-m) ~isc exists between - the pcstenor

_edge  of the discal call and Cuhy. - In the

groundplan of ‘the Dipt;erg; this consu.sts uf two
sectinns, p:.ubably correspondmg to the basal'

sections nf CuA1 and M4
1.6.2. PHYLOGENY AND GENEALOGY OF THE DIPTERA -

The Dipters, togéthar: with its aister group the Mecoptera,

probably i:epresent 'a monaphyletic group .of higher order,

. the necc:pteroidea '(Neopte‘ra: Holometabola) (Hermig, 1281).

Dipteran w.i.ngs nay he differentiatad “from those of 'tha.
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Mecaptera by tha possassmn of halteres, the Sc 2 vei,n which =~

is partally merged with Ry, tHe CuP vein wvhich is raducad,_

‘ang the pnesenca af two anal ve:r.ns- there az:e hnwew..r

nunerous other - charactars not related to t:he wings [Henniq,_
1984, 1973 . 1981). Thewe ave also numercus similaritiss
. batween tie sister ..gran.tss [see" He;;_nig' {1981) for a rav:_lew o

and dampl-.::::e list]..



'The U'Dpe.r Permian qmup, the Eu.ratnchoptam '(otherwise"' .

' known as the Protodiptm:a.}, seems to be the most. hkely )

ancestor - (or stam gmup) of the Diptera (Hennig, _ 1973). -

-'ﬂ‘hi_.,' however, has not yet been confirmed diractly by any
B '.:spacifm fossil - find, Several species, Laurentl.p__tera : g_______
'.Wﬂlmann, Pepmotipule patricia Hennig and fséudog@gcéntrogus

latipannis Hennig have .- previéuslir  {and- .'individuaill_yj " been .'

considerad as possihle- me'mbarﬁ agf the stam-'group by various
.é.ul:'hors, but these 'ai:e now feqardé.d as "_contro%"ers'ial

(Hennig, 1981). -

The probable existence of the Mecoptera (Nanuochoristidae) _

"in the Upper Permian p‘x‘ovidés the best, although indirect,
evidenge  that 'the ' 'Diptara ‘were in - existence in  the
Palaeazaic. It is ay yab, howeva:, im'possihlé_ to trace any

" 'of the subgroups of the Diptera back to this time {Hemnis,

1981}, A .t’:on_t;:oversial fossil, Permotipula Eatricia,'_' fyom the
Upper Pammias of Warner's Bay (New South Wales), 'described
py tlysra (1929 t 1937), was inttlally thought to be the

'earhest dipteran. Its wing venatl.on rasembles that of the

t:ypical dipte:an ground plan venation in nearly all aspects

It was, howaver, later excluded from the ' order | on the .

basia of the pu:esenca O‘E a pa:'.r of  hird w:.ngs {Hennig,

_ 19541.__

The oiﬁé.st‘ f'bss:i.'ls' that’ -cén ba raltablf' assigned to the
Dipt:era C{ze sy strinto} a:.‘e frclm the Masazmc,. they . 'are_

knownt from ﬁing imptreasiona c:f the Upper Triassic of ‘Mddle
Agia [Hennig, - 1973). _ Ir;deed, _ Vangus ‘subgroups ~ are



| Qistinguishable ' as eardy  as the Upper Toassic:  Le.
| Architipuis radiats (Tipﬁ:mo&:plia}, Apchigendipes tahe fnovs kyi,
__Palaeotéudig'ea' ajﬂxiz [Ch:ironomldea}, -~ and ahout 30 f035113.'
with partly darwad venatmn t:hat: pa:obably halong‘ to a

._vazz.ety of subqroups of the Bihionomorpha {Henm.g, 19‘?3}

" phe . Jurassic _haé. s0 fax been _ ‘the richest ' source of
) d‘iptar;an' fossils, - the Upper Triassio ‘less  go - and  the

Cretaceons  rather poor. ~ This ma.kes the © positfon  of |
‘momophyletic groups within onders difficult to establish..
Also, the more subordinate the group, the more d:lfﬁcult ik

i to  detect the morphological details reguived for
phylogenetic classification (Hennig, 1981}, -

Two gubcrders .are usually. récognised within ‘the Diptera, the

'Nematocera 'and"' Brachycera. Raureaantatives of the ;

Namatocera are known from tha Uppe.:: 'l*nassic, and memben:s
of the varim:s embgmups of the Brachycera are. ﬁxst sean
| in the Yower Jurassic (e.g. Protohrgchzceron} (Hennig, 1973).

Dai:a:l_'ls of the c"etr:ived groundplan characterdstics of the

'Nematoc.'era and Brachycm:a and ' the various subgroups “below

are listud in det_aﬂ. in Hentﬂg_ 119?3_1. The ' ganaamgy of

| the Diptera outlned below follows that of Hennig 1981]

unless ‘otherwise stated. Hennig (1954) pn:ovided a deta.ﬂ_.ed _

account of what - pmneduras ha fonnwed "~ to ﬁarm the
'dipteran groupings and trace their Lines of descent, and

- how # was .possible to deduce . whether sinﬁlarities of a
F charactar or charactex:s' bestween twe or more groups'

indicatad symplesiomorphy, synapumcrphy or uonvargence. - He
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'_tabulated and summarlsed his f:l.ndings on the basis - of a Iist

of 34 morphological characta::istlcs (all of which we:i:e based.

~on the groundplan charac’oers). Ha also explmned the nse

. anf’l importance of fossﬂs in tha deduch.on of descent lines'

and systema’d.cs of the Diptera, and praviﬂed a phylogenetic

tr_e_a_' mcludmg various dipteran fossﬂs. ‘A mora: r_acant '

version from Hennig {1981) is muatratad in Fig L

The NWematocera iz posaibly  a’ paraphyLeti.c group (Hardy, -
(G, 1951b; Hennig, 1954 & 1981; Rohdendorf, 1974), with
the Brachycera considered as & s:sta: group - of c:nly pa::t _

" of it {(Hennig, 1954},

"I'h_e- 'infraorders' T:;.pulbmdrfpha, .'Psychodmﬁcrpha., .'CIﬂicomE;;pha

and the Blhi.ono'ﬂorpha (all part of the Nematocera) and the .
Brachycara are well founded monophyletd.c groups. McAlpine
st al. (1981) included thres additional infracrders as part
of the Nemabocera. Blepha.ri;:érbmoz'p’;ia.,.. Ptfchoptemmorpha én_d .
Axymyiomcrpha. Further clagsfi.ﬁ..n'atlon. acoording to Mcaipine_
~is . found at. the end of .sec!:_imi 1._._6._2_.' .'_Nt_':» defintte -
L relatiéﬁshipa' have besn eétabiishad 'amnngét Efenhig" ' f.i.v'a
_.g:foup.s, but analysas have preda.ci:ed the phyloganet:.c scheme

depic'ted in Fiq. 10,

}ier;ﬁi_.g {1981) suggested a sister group ralati.onsh:.p betweer
the Tipulomorgha. (‘Palyneuwra’) and hhe rest of -the Diptera

_ ’Oligoneura'l. - In the Oliganeura there wmay be & sister
graup ralationship between . the 'Ps'ycl:i_odo'marphé. ang the '

cmcnmorpha +_' Bihionomorpha s Brachycera. 2 & -

18



igonbﬁhyleﬂc_ group ‘the . -i’syché.dbmorpha '[= Blaphariceridae *
' _' Deutercphlehiidas - - (Blepharica‘midea)* - Nymphomy:lida,e*
Tanydendae # Pl:ychopten.dae {=Etychopteroidea.)' Psychodidae]

is ‘not as we]l founded as tha ‘Ih.pulomorpha . They have

.few cunst:.tui:i.ve characte.rs, no_ne -of "which .are_ in the wing

: venation.

Thea Tanydexidae tTibﬁidmorpha} "have . the - most m‘ﬂmitive

'(pleaiomm:phic) wing venation of alt of “the recent Diptera

" {d.e. the - wings have the .g:eatest -nvimber of longitudinal
- veins seen dn dipterans and are similarx to those of the
_ground plan of the Pterygota (Hemnig, 1954}, “

It is _ _'pos_sible. that the Cuucombrpha, Bibiondmor#ha and
Brachycera also form a 'single 'mohcphyleﬂ.c group:  {The
synapomorphit: characters of these three groups way be the

development of t‘lﬂIE lobe-1ike pulvﬂ.'li and the allula, though -
this may oxﬂ.y be weakly d:lstinct). Heanig further suggmad'

that there could be a gister group ralati_.onship_ bet.ween tha
- Cp:li'cbmorp'ha and the Bibionomdrpha + Bra_chgc_era.

The Ctﬁicomarpha' (= Dixidae--_-» 'chaobori_.dae % CUnlicidae

'-(;culicoide_al; Thédmalaidaa # Sirﬁul:iidae " Ceratopogonidas +

' Chironcrddae  {= . - Chironomoidea)] - ‘are  undoubtedly a

_. monophyletic group. Reductions in thait: -venation are

_ evid_ent.; A in’ the Tipulomorpha aw.! Psychodmnorpha, ‘the -
giscel oell is abaent:,-- the result of reduction of ‘the
posterior crbé_:svein. Bath media and rad:al secl:ors have .

'only; three frea bra.nchea. The ctﬂi_comarpha _probabI-}"
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coptain ts&o" sister groups, - the Cnlicoidaa and’ Ch:ronomcd.dea,

which - have. followed sepamte paths in therjr mode of :I.ife..-.

20

and - 1arval mdrpholngy. - The CuJir:mdaa cumprises the aisi:er.

.groups Dixidae . and L'.'*:J:Lciﬂae. The ralationships among the: '

varmus groups of the- Chirpnomoidea re.ma_m unresolved,

: Th'r_a Bibionaﬁtorpha_':ls definitely a monophyletic Qroﬁp as are '
the Bibioniformia and .Mycetopl.nil:licinnia. Representatives of

the Bihi_c_:'nifurmia ‘are flrst seen in -the Uppér ‘I‘riaséic; thpﬁé

of the Mycetopliliformia, in . the lower Cretaceous (Hennlg,

1973). The . position o.‘f saveral. of the . families
_(Pachyneﬁ::idae; '?érissomniati_.dae: Axymy:iidaef. Anisopodidae and
Cramptonomyiidz;e) hdwevér,- remains -ﬁn.cartain-.' .'.I'_he
: ZBibib_ﬁntno::_pha  show . convergence : in: _ .vénati.cﬁ ‘The

Anisopodidae and Cramptonomyjidaa have the most pu:ﬂmtive

'va::_xati.'dn..' They have retained a closed dlsr.:al ce:L'L and a

media with the complete number of branches,

It s stil'l. hot  known whether ‘the Bitﬂ.onomorpha and

Brachycera are a monophyletic group of highe.r rank.

The Brachycera {ocE_. Lower Jurassic origin) are undeubtedly a . -

monophyletic ' gmu;_:i; All  the groups' that could be

considared as the - poss:.bla ﬂster group of -the Brachycera_ .

have been xecordaﬁ fram the Upper Elzra.ass:l.c, and from this

it ma.y be: infarrea that the Brachycera must hava baan in |
- exzstence at that’ time ' '

”'T.he division of the Brachycera jinto_' tuonoéhyletld subgroups



“is . mat Qefivite. Por sxample  the | families of the

| " _Homaeodactyla {= Tabanif‘drmiaj pussibly form a monnphylet:.c
'group. The Bz:achycera excluding tha Homoeodactyla that is
"the . erodactyla, is also pdssihly a monophyleﬁc group.
Among the subgroups of the’ Brachycera are the Em;ﬂ.d:l:l:'ormia
{Ehnp:.doi&ea. + Doiichopodi_dae), ﬂ:s sister group th.e
(':yclorrhai:ha .a_mi‘_. the Asiliformia. The Cyclcn:rhapha is a
' -ménophyletic group. | - ' '

qu.lpin_e. et 2l. (1981), on the  other -hand, groupad the

taxé' discussed ahove in a d:lfferent manner. The

a::rangement follows fa.u:ly closely that proposaa ny Hanmg
{1973} ({Hennig (1981) was not .yet available) _but it
- iricoréorat_es_ some mod:lfications suggested by Gﬁffiths { 1'9?2}
. arl.d Sheysk.al {1974). It alse reflects . their own vi.ewz on
evolut:.onary relationsh:.ps of ‘Various diptaran groups.

Suborder Nematccera-
" Tipulomorpha (Tanyderidaa *, Tipuloidea],
Blepharicaromorpha _ (Blepharicernidea +
' Demerophlebioiﬂea + N_ymphqmgioidea}, o
' © Axymyiomorpha (Axymyioi.dea}, . '
_Blhmnomarpha {Pachyneuroidea + Bibionoidea +
Sciarcidea); L
.I _.Psychodomorpha {Psychodaidea + ’Richoceraidaa s
Anisnpodddaa * Scatopsoidea}, '
' Ptychnpternmorpha (Ptychoptaroidea}, _
C:u]icomorpha {culicaidea + chironomoidea}.

Subnrda:' Brachycera. _
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- Tabaxiombrph'a {Tabancﬁ.de'a +. Si:ﬁatibmfoidea);-
. Asﬂ.omorpha (Asﬂoidea + Bombyloldea + Enpidoidea); -

. Muscomarpha.-
' 1.7. INTRODUCTION 70 THE MESOZOIC INSECTS
The general appearance of .the _i\lieseeqic insect fauna is

relatively quern in ' character from the Triassic = ocnwards

_(Hermig; 1981). It' ‘geéms that the : main .re_aeoh- for . thiz is ) X

~ that only  a . few of the groups that ‘can be recognised as

22.

-side branches. of the stem groups of recent otders survived . s

beyond the end of the  Permian {Hennig, 1981). The
‘tramsition from the Palasozoic to the Mesozalc seems to
have been a cwitical perdod -in terms of  insect survival,

 This confcn:me with what 1s Known about changes in other_

'ammal and plant communitias st the ti.me. '

Most < Mesozoic insects arze '.cloeelf related %o the recent
species of the orders to which they belong, and some of

t‘.hose from the 'e'arly Mesozoic can be"' assigned to  more

reetneted subgmupe .w:!th:l.n t.'heir particunr orders, " Of the

'late Mesozaic Dj.ptera fmm orapa, some have been ass:r.gned'

to modern genera or aven suhgene:r.‘a. '
1.8. QUTLINE OF CONTENTS OF CHAPTERS
. chapter 2. Afneeil belonging to the family Tpulidae is

'dascn:i_.bed ‘This  crane F£ly, ~of the extant genus

"Helius, shows how we]l preserved the foesil material



' .c};_apf:er '

. Chapter

. - Chapter

; chapter

..f:.a.ﬁ bé.’-: It has been assigned ‘to. a mew speci&i
.. Hahus botswanens:s. ' o

3. Eleven crane ﬂifes _ {family ‘I‘ipul:.dae) are .
desc:r:l.bed 'I.'hey ars ncrl: well enough preSEWed for_
- Euzther daﬂnib? identification, but I have tried to
' placa some of the.m mto aubfamiliaa _ ) '
4.. A dance fly (t‘amily Empid.u':lae} is described.

Tt beiongs ts ‘the genus Enpls  (sensy str.-ictél;

'.Exce.‘llent presarvation has permttad the erecton of

a new species Ev {5.8.): orap_a _ _
5, & _member of the Pamily. Hybotidaa is described.

It has been glven a new . generic and ._sp_ec:i.'_fic :
status Pseud'oacaiterus '.ox.'ag'aen.si.s'. Its.' _phglpgenetic "
- position :Lnthe subfamily .Hyb.otinae is. discussed.

6. . This chapter describes three specimens which
ha.ve bee.n tentat:ively placad in the supa_:fanﬁ.l‘l.es'

. Mycetophiioidaes and  ‘Tabanoidea, The first nay

belong to the family Mycetophilidae (Mycetophilaides),

the second, a single fossil wing, pbssiblg belongs to-

the Rhagionidae (Tabangidea), and, the third which

. lacks wings, is not as istinotive but is similar to

‘Chapter

-Chaﬁté:r

axtant representatives of. :th_e two familias
Rhagionidae or Tabanidae (Tabanoldea).

7., Ten dipterans, not assignable to family level
‘are {ltustrated and described. - '
.8.. Four - hibionids {Bibidﬁiﬂael .'a.re dééﬁribed. They -

are exquisil;aly };reaerved -and  are a:LT. assd.gneﬁ to-
the same species, Cmtobinionida anticus gen.- at sp.

nov.

. 23



(Chapter 9. This chapter comprises a discussion on  the

pa}.aeoe'wironment of  Orapa. In addition,

_ implicatians of these Diptera far avolu{'ionary thaory'_

and pol]inat:.on ef angiospexn’s are d:scnssed. .

24



Heliug botswanensis gen.. et sp- nov, -

2.1. INTRODUCTION

A new fosé}l species of Crane-Fly, Helius -_bctawﬁuensis'_.-

25

-(mptera Tipulidas) s  described. It is  extremely well-

 mreserved, has a distlnctwe morpholugy, and is placed with
donf:i.dence in t]:ua extant genus Helius. The' singla specimer '

puts the crigin of the suhfamily Limonimae, and the genus

back * into the Cre_tacequs,-" and provides ‘data on the

southein - African ' Cretaceous palaeoenw.ronment. ‘I present

'.evidenca to -show t:hat the !:Lpuhd ‘had an asscciation with

g:imif:ive angiosperm .The . conservat;_i.ve _na.ture cef A

dipteran of such  antiquity, assigﬁable\ to an extant genus

. which has an associatmn with flowers, has implications for

' -evolutmnaxy thac:r:y

' There sra two- commonly npsed - systams of class:lflcation of

*l_:_ha_fa_nuly, I,e. that uE Savtchenko {1983) and Alexander

(Hutson, 1980a; Alexander & Bgers, 1981). Hexrs~ 1 ‘propose

te follow the -latter system as it is more genera]lj;
available, more commonly uged, and thus more fa::i:l.’tiar_- to me.
The main difference between the two systems ‘is. that, in the

former, Tpulidae is -éonside:ed_._ as a separate family from-
the 'Timoniidae', and in the latter (Alexander's) system, ‘the

Tipulidae comprises the _‘I.i.fuonjinae?__ as a subfamily.



|2.2. SYSTHMATIC DESCRIETION AND DIAGNOSTS

Fam:.ly. Tipu:l_idaa. _
' Subfandl?‘ Iﬁiﬁonﬂnag
’Ifrlbe' Id.monﬁni
Genus- He]:.us LePeJ.etlu' & Setvﬂle 1828

Spems. H. botswanensis sp. nov. -

zg gpegimsn . . o
The d:l.pl:era.n is preservad o the surface: of two blooks _'a.-s

part . and  countepart  (BB/2/26000a &  BP/2/26000b
'respecti\rely,i 8 of a cnﬁpresaion  fossil {gengu Sch_obf,'

1915); in a red mudstone. . The maré :-complete specimen is

:L'I.lusi:l:ated in Plate 2A {this = is a rxnmposite photograph); .

._ and in. Fig. 12 (a cayera lucida. d:rawing)-

‘Derivation of sgadjfic epithet
' Latin form of "Botswana".

Dlaguoste | | |
Slender body, Tme hng, with long slender legs “and narrow
wings; tostrum relatively broad, c.1/3 hody length, divided
| into two : segtuexl_ted . palps  anteriorly; of the 5 palpal
se.gr_ue.nts',_ ‘the p,;:o:dmal_ ..sma':ll and ihconépicﬁ:_lous,'." fe:mina,‘l.-

-ségmant' ‘as long -as previous two 'combiﬁed;" avtennae half

thé.__lenqth ‘of - rostrum; flagellomeras éhm:t' and crov'wded;
large compound . eyes, gia..n:_ous, nearly juining at (?)dm:sal

. midline; -.abaomen of 11 segments, hypopygium w:l.th two large _'
gonocoxitas, each ‘with two gonosty]i at i:he ta.ps,- mner' )
. gdﬁo_styli. "Sman, turned inwards, la::g‘sr ‘than outer gonostyli;_'

26



“tibia - lacking hibia Spurs, wings: 'epan C11.Tmm; Wé.'ll deveicped
ahal - lobae-. < t}ﬁ.ckened up to. Rg.s; Soy complete does not.

27

'._exceed fork of Rs, ends i c beyond mz&length ch Rs; 3;2_'_

at Hp of Sey, st midlength’ of Re; Rs leaves Ry near . -

distal end of Scq; basal section of Rs short and curved,
not 1o alignment with Ry; tip of Ry present, aval stiguata

" gcoupy this zegion; Rz 1ack:|.ng, three branches of R reach
- wing margin, Rs .with only two bra.nches, R3 and - R4+5;

- origins af R3.}_ R4+5 and M1+2 close - _{:cqether,' Rers and
My, 1/3 total wing length; r-m shert; Ry curves anteriorly,
all veins behind it posteriorly; :r:3 expands towarda margin*

_:‘1 and 1rj3 d.wargent, am Jlarge, rectangular, emits tlree

vens My, M3 My just less than My in length; all. velns.

- From™ R3 to AZ__reach ‘margin, =ail emple, m-cu emerges 176

dm's length behind fork of M; Cu, stralght, not comstricted -

&t m-cu; A, and Ay gresent; haltere rounded.

Descrigtia _ _ _
The body amd hdth- wincrs are _::omplet_a; _the left. wing,

- however,- is slghtly folded. The body ds 7mm in langth.

Only the three legsontheleftside {Fig. 1_1 of the

abdomen and olie antenna, also. on tha laft, are prese:rved.

‘The * rostrum, -a-. very distinctive feature, is slongate and .-

comprises | approximately. one-third of the total body length
{(Plate 23 & Fig. 13); it extends almost 2mm from -the. eye;
' and . apparently a 'ﬁxrﬂxer tom beneath it. . Towards the

anterim:-,' the rostrm divides imto two segmented palps, of -

the ﬁve pelpa.t. eegments chaz.‘acterjstic_ of t:he gem:_ts, l:he
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distal four ave easfly distinguishable in the fossil (M.

13), a valuahle bonus . for ident:lﬁcatmn : pu:r:pcses. .-'The._
-ﬁ:li:st_. palpal aegment, however, is ..mﬁist:ynct, ‘but th:l.s :
_farEunately does’ not affe.ct - id'entification '-'dverse]?. .

szfa:ant parts of . tha i:eu:‘minal palpal segment are praserved
- en’ f_:he. le.ft: and nqh palps, i.e. thg. distal - part on’ the

- ':'-:.Lght, the prox:lmal part “on the left '{F:Lg '-13}.. _-"_!.'he..'

- terminal segmeni: o:E ..hese ma.:dllary palps is fairly long,
_ approximately as 1ong ) as ‘the twao ) precedmg segments
‘combined. This character is . present ‘on extant mombers of
‘the genus, and it indicates that the character had _t_=.-volved

by the middle of the <Cretacecus and .was: stabilised - over.

‘the succeeding period.

The a.ntemiae' appear to . be - relatively 5hon:t' and  curv

they are approx:.mately half the 1angth of the rostrum (Fig.

Co13y. The mcre distmct one 4s shown on the left side of
the rostrum. in ?hta 24 & PFig, 13. The antennae arise
diréctly from 'the' antefibr dorsal sidé of the head between

the compound e_ves, and it is ]ikely that no- part of them_

is hidden beneath the head, If this s so, the first

© segment 1s_ the scape_ _and the_ sacqnd ‘the -ped:.cel, and they

ave of about egual length, 0.18mn and 0.17mn respectively.
The terminal porticns. represant.mg the flagellum dividad mto
'_flagellnmeres, ara mdlatinct, buat infi:l.v:.dual ﬂagellomeres are

probably shorl: and cn:owded and i:he last few may be'

| missing.



‘The. compound syes are round to oval and  O.6mm . wide..

":-‘héy' are -glabr-c:ué, and, “on the part "'(?ventral vd.éw}, the

- rostrum oord:mues .over. the a:cea of  the eyes; ano divides- ;

" them. - The counterpart- {?darsal view} superﬂcia]ly suggests

a-r_i'. holopHlc condition. Close. inspechon Cof  the lakter

(Plate 2 & Fig. 13), Hhowever, reveals . a shghtly curved
‘Black line runnlig vertically in the pho .oraph. dividing the
. two eyes. So we.‘!l—-g::esau:ved are -the eyes that inﬁiﬁﬁual

facets show up undexr high nagniﬂcatlon - ‘There is even’ an
" indication of ‘the facets - Erom the understde of the -

structare as ths ayes collapsed under comprassion associated

- with burial.

The abdomen is narrow  and - elongated, and -appears. to
consist o©of 11  segments. A the posterior ) end, the
structure of the genitalia indicates that the specimen is an

adult male; some fine getsil of the male hypopygiun can be '
discernod (Plate 2E & Fig. 14}.. It is impossible to even
" attempt olea:l.ng the st:uc’a.lre in osd.dlsing aoids and a.lka]i, :

theraefare detaz_'ls- of  gross - morphology ‘ara  all that are

avallable. . The gonocoxii:es are fairly consprlouous, axid' of '

_ approximately tha average size oomonly seen in the genus.
. The. gonosty]i are vxal.ble, and both _the innar ones are
'. ‘particularly distinct, | They are turnad inwards and lie . on
the ' gonscoxites (Fig.. 14). The outer ' gonostyli are
- indistinct, but they appe_ao to be small. s

On:lj portions of threa of the 1egs 'have  heen pregerved.
The most complete leg is the kind left in Flg. 13, This.
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..absence of ].egs is pre&ictable with crane—flies, wbarr the :

clegs - often hreak, _' making the ' co]lecticsn _d_t. -’--mple.te

- specimens thrg’fﬁely d:lfficm. ' Nevertheless, the lom;est i '

 16am in 1ength (Fzg., 123', and the pnrtions of these legs

‘that remain . are particula.r.‘ly we]l-preserved, there - is ev.-en'
' 'avidence of numerous ﬁ.n_e hairs én t_ha:ir surfaces. _'iPlata :

2B} However, the topé of the tibia are nokt prese:.véd' and
there {s ‘30 evidence of tibial spurs.

| The . Hwo wings -have slightly djfférént lengths '(plate' 231};"
-eﬁidéntiy- the body has twisted after burial towards the

Tight wing. The tokal wing span is 11.7ma. The - postenor"
of cna wing is s].-u.ghtly folded over itself, but most of the .
detatls - ctE r.he vanatlon are revealed on the other, desp:li:a. ;
the . fact that the ve.ws ‘are  Jess dzstinct promany. This

s _surprising,_ singce other parts of the wing are in an
-excellent state of _p:eéérvation. ] _.Incl_eed,' there are a large

| number of fine hairs preservad on the leading sdge of bcrl:h o
" of the wings (Plate - 2€). BAs often occurs with fossils,
neither part nor. cpunterpart is- ﬁcamplé_te. The " datails of '

" vepation have, tlﬁm:eface,'_"been compzled from & stﬁdy ._ of
' both, _and the sketch (Fif. 11} shows the zesult of
.cnmbining "ameu:'a lucida draw:l.ngs of bo!:h spacimens.

The anal Iches . are . eJl-c‘ievelﬂped The costa (o i
thickened wp o the Hp of Ry,g The axillacy vein {Scq). .
3% complete; it does not exceed the farK of Bs, but ends’

in mé : cnsta. jusl: beyond the m:l.dlength of Bs.. s::z is
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'a:r.{:uated at the tip of Sc1, midway hetween the origin and._ :



the fbrk_ of Rs, Rs leaves Ry ‘nearer the__ digtal end of

3.

_'_Sc-,-_ " than . .’q:_he 'p:i:ax_imal 'end,. é;t_ an . app:o:dfcabe.':ratio of ' S5:1.

The basal section of Es -is_ short _at_n'd. ‘curved and i not in
aJignmeht with R3; Thé tib o.f'lq is prése.nt and there ds .

a trace -of oval stlgmata in this reg:l.on. : R'z is iacking

Thrae branches uf R reach the w:mg margm and Rs has ouly'

two ‘branches namaly R3 -and R4+5 {Ry and "Rg are fused np
o the margi.n}._ -Th_e oxigins of Ry 34"»5 and M1+2 are
@lose to one another, the latter two are a third of the

. total . wing length. Crossveln x-m is short.. Ry chrves

towards the . anterj.or'.' and sl veins posterior to it curve in

. the oppasite d:l::action' cell r3 is, therefore, widenad .

_pa:r:ticularly near the wing margin Cells =1 amd X3 " are

divergent. Cell dm 15 large and rectang‘ula:c and has - three.
| veins iSSumg from its d.tstal.aide._(m1+2, My and ¥g), and it

is just hés than MQ.':ln_'_? .1gth All velng fmm 33 to tha
32 -i‘each tha wing' margin, and  all are simple __'-Tha

crossvein m-cu amemqes ‘at a pm.nt 1!6 of the dm ce]l‘s'
length - behind the. fork of M. - Cuy is _stra‘.i.ght_ and not’
: Lonstr:.cted at’ 'm-eu. ‘fwo anal veins B, and . Ay - are -

pre.aent and hoth reac'h the wing margin

Thers is some indication of & rounded structure lying '
© adjacent to the right side of the abdomen, at the level of
the anal lobe (Plate 2A & Fig, 12).- This I mtaa’pret as

' heing & haltere. =~ Further datail . are not avmlable.
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2,3, DESCUSSION

Heliug

‘The 'I'J.puliﬂae - the largast: family of Diptera, with a total

of  approvimately 13 000 known species (Hutson, - 1880).

However, there are appromabely 1300 desrzribed species in
the Afrotropical {Hutson, 1980a),. ma. g it the Eourth
-'hrgest famcuy (Paz, sclough ‘& Londk, 1985). - Thete ave very
few genera unique ..-:1 the Afxotropical region, but thers a:é..

alag several majcr r,r-aups that ars’ notably absent (e.d. th.

'-'-mtbe Pedicini) (.itson, 1980a). They " are . mosguivo-like
ﬂias, ‘with wery long de.clduous legs, hence thelr ocommon -

_ name, "daddy—-long legs'

 The 'genus Hallus LePeletier & Serville 1828 (Latreille gt
 at., 1828), compnsing about 200 extant species,; is
'.widesgread throughout the. wm:‘ld, mosi. gpzcies Hve in South

‘and South-ast Asia (Krzeminski, 1965). 1In the Afrotropical - -

réglon, tha genus Heliug 3oompr:lsas 28 .spec:l.as in four

subganerﬁ_, 23 of these are 4o - ‘the e subgenus ~ Halius
LePeletisr & 'Serv:lllﬁ 1828, ' Six species of the genus

'Hali.us are recogn.ise-d in South Bfrlca, five in the 5ubgenus'
Heliung, and one in _t_he subger_:us. Prohelius Alexanﬂer: 1975,

_They are Hellus (Hellus) Lrevisactor Maxander 1956, H. (H.)

capensis Alexander 1917, H. (8.) flav:tarsgg Mexander. 1920,

. H. (HY r_lﬁg 108 R:ler‘lal 1914, H. (4.} Earamormus Alexander
1949 and H. (Zzoheliug) aug'alai ‘Mexander 1845, . The

.a.ba_ex_xce_ of - relevant. - 'infm:mai:ion-_ on the fossil makes
idertification ‘below the genus lavel impossible. - For
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: exé‘rﬁplé;_ colour- is -'impurtant in disting'lnshmg aﬁ:_i' descr:.b:l.ng
spe'ciés, _and this information Cis lack:mg despite . t_he'
'1ndication “of some pJ.gment on the wings. . Blso, the_ _bédy_' _'
length  to wing length ratic of the Orapa fossil s mot

: cdnSis{:ent' 'with' any of the ‘gix  Heling specz.es.. Howeva:, .

.the shoxt antannae xd.th cnmpressed flagallomerea are szmilar .

" to those o:E _g. t_I:._; ‘gugaldy, (M.exander, 1945).

| misloay’ -

Adulk 'in.émber's' ' of the : genus are u:-:uaJJ.y associatad - with
'._'_waﬂ_:a_:, and the larVae live - e:.ther in water or mo:st soil,
f'eeding _mostly on decaymg ‘plant mattm:.. Curicusly, the
" adults have nckt frequantl&‘ been_ seean feed:mg," but éo_mé- otE

those occasions have been at flowers {Hutson, . 1980a). This

pay indicate that the adults requive litde food, but the
pecu]iar mouth parts af this spac:l.es, and. indee& tha genus, -

invite a functs.onal explanation. they are prnbghly adapted
for sucking. This dipteran -may' the:r:efora. have visited
.'flowers apnd indeed . may have had - an intlmate association
'_with_ the flowering. _angiugpsms. _ Hoth sexea of tipulids are
often ‘sttracted to  Mght, snd the males of some 'species
.gathef in d_aneiﬂg- swarms (Hutson, -1980a) dinm- wooﬂlﬁnds,
fovests or near water. As far as I have obsaz:ved ‘adults
are diumal and ‘Knizeskl st al. {1984) demonstra.,ed thair

i

aaa_sonaltt_.y_. The presence of daui.duous 1eaves :f.n the. fossjl_'

flora, and the varved nature - of  the sadiménts inply that

.se_asonal_ ‘conditions prev&iled {Ra‘.yﬁer, . 19‘3?-}. Indeed,.'
‘tipulid  activity is very susceptible to rain and wind |

(Pritchard, 1980).



The -six South African  species have been recorded - from

forested or densely vegetated -and_'.wet habitats, often near
straams, in grass,. in saturated earth, on mossy zocks and

darkened placés {Alexander,. 1945,7 1949 & ©1964)." The _'

._1arvae of the ctenus He]ius ars . also habitat spec:.ﬁ.c, they
are found in marsh ' borde.":s, in dacompnsmg aquartic
vegetaticn or in’ " marghy areas An  woods. (a}exanﬂer & __Byers,
1981). ~ The larvae of the members - of the subfamily as a
 whols, :_however-,' occupf a _laxge-_diversrty.. of habitsts ra:igizig

' from = the in‘te'.ftidal‘ zane - to running fresh water, and from
tha -leaves of ‘tervestrlal plants tn dry sofls . {Pritchard,

© 1983),

: gri__g of the Tpylidae
_'ripulj,dae, anc'l _other fam:uies of tha auperfa.mﬂy Tipuloidea
: belong to the natural group of lower Nematocera, which_ was

considered, hY ‘Savtshenko {1966), to be’ monophyletic. Tike
all’ other dipterans, tha_ mambers of _thc_a Tipuloidea “have
their origin in fhe Mesozoic Panorpoidse and - Savishenko

. {1966) -indicated that the: original’ characteristics = of the

Tipuloidea ware derived from this 'groub._ Thesa characters

. 34

. include dichoptic eyes, many jointed aotemnae, fairly complex’ -

wing venation, spor_a.dic appeé.ranca of. macfbt:ibhia- 'in' tha
‘wing cells, amnd a v-shapad transverae " suture on the
mesonotum, 'f e' ’I‘ipuloidea, in turm, gavé vise to the

_ ilrchit:igulnidea from which tha ‘I‘*p’tﬂ:.dae was darivad.

As early @s 1937, Hendel lin Rohdendorf, 1974) reviawed tha

' Diptera, and  concinded . that, at the beginning of the
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- Jurassic,” or- 's'l:'i.'ll earlier,_ the supe.rfam:.ly ‘l‘ipulm.dea was_ '
: aJ:r:eady in - ex:lstence. Rohdendcrf {19?4) believed the origin - .

o'E tl'u.s superfafrdly (the most d:urerse and ancient diptm:ara]
ta be even_ eariier, e, fro_m Upper ‘I‘ﬁ.ag.s.c-._l‘umssic_-times.
Accarding to him, the family Tipulidae - branched off from

 the Architipulidae during the mid-Turassic [efther diectly or
: -through.. an . unknown 'ini_:ermadz".ata _ (th&éndorf, - 1974;.

Savtshenko, . 19665 Alexander & Byers, 198131, T_his

conc]J.xs:l.on was ba.seﬂ an the fact that Triagsic fossls of .

‘the _s_up_e:_:‘family. ‘I‘;.pulidaa. were ali raprese_ntatives of the
' Mesozorr, family Architipulidas (Rohdendorf, ‘1974; Savtshenko,

. 1968).

Bs . fossil evidence of memhe::s of the Tipylidae ({eas 1_«.1'.!:11_'

- most insects) is extre.mely rare, the evolution of tha Ffamily

ha.s been inferred fxom stud_es on extant members of the

group. Savtshenkp (1966}, for . example,_ reviewsd -

vlesiomorphic and apomorphic gharacfm o egg_s; lzrvas,

. pupae, :l:nagos, and -general' biclogy te' p'ostulaté a phylegeny '

of i‘ha ’Iﬁpuhdae and some  of its 5ubfanﬂ1ies._ In ‘another
atudy, Dovnes {1968) . 1ookea at the organs and procassas of
sperm-—tr_ans_fer of fhe _lower ~Diptera and iuferred del'.aﬂs " of

their avolﬁtioﬁai'y hiétuﬁ'_y. - Rohdenﬁcmf- (.‘i 974'), on t'he other'
- hand, .studied' both extant nd exiiuct lower d.xpterans, a,nd__
.ccncentrated malnly on’ wing . venation, . with partioglar
raferance to its  Functional szqn:ifmance. :ct is clear thai:

changes in the wing 5t:ructure :.n flies, tpget_her- with’ _tha_

_"mm:phologica.t alte.raﬁans of the thorax. “have | b'een_ very
 important in the evolui_;ion_ of faster,_ more manoceuvrable ~and

more ‘precise flight (Ennos, 1989),



The - oldest fossil tipwlids fotind to. date are from the

. Cretaceons. A few ' crane = £lies fmm the ez Cretaceous

'_Wealden heds of - southe_r_n - England - (119~144 mxlh.on yaars),

including - a spacimen  of the TLimonilnas, were obsexved by
Jarzembowski. (1984), Jell. and Duacan (1986) - desczibed a.

larva, pupae and adults from _th'e".'Lc_jwez: Cretacecus Koonwarra -

fossil bed {(South Gippsland, fvs.ct'oriaa ; the lattar included =
member of 't‘ne .'Limarziihae. ' Jell. and Duncan's speczimans are

the only southemn Hemisphare - :Eoss:lls athe: than those from

tha Orapa deposita. From -late Cretaceous amber of central

Canada (abnul: 70 - million years) one tipulid was desc:':i._b'ed

by  Carpenter (1937). Thepe  Cretaceous fossils ~ and’
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particularly the Orapa ﬁ.puliﬂs (see ‘also chapter three)

' dlearly aemonstrate that the family (including two of its
g sub:l:‘amil..es, Tipuilinae and Limonjinae) was well estaklished by
'the early to middle Cretaceous (or even aa:her in thae
Jurassic), having largely” undergone wmest of i#s majar
evolutionary davelopments by that | time, As me-Mozdﬁ -

. forms wers  vary d‘:.ffarent: to  Mesozolc ‘'Hpuloldea, most

 tipulid _-é\_roll_:.tion must ha.ve ocourred 'éﬁiftly  with much.

éiﬁarsificaﬁion in 8 ﬁ'eriod 1asting about. 70 to 90 L
. years, ie._ from the bag-.tnning of the Eriassm to tha ml.ddle EE

si:ages of the Jura.ssic.

'Fossil . Tipulidae from post _c:_'étacedus dmes are - more

" numercus; they  include speqimeps' From | the 'Eoéa"r_:te._ Oligocens

and Nion.ana (Textlary). From . the Eocene _ {Redbank_ Flains

Series) a ‘tipilld was . described and assigned - to  the

subfamily Limoniinae. {_Tfibe Rexatomini) (Riek, 1954}, Spahr



{1 985.) listed . several tipulid spacias (mainly Encen&) fxom

various a.mhers ‘and c_:opalii. . Alexandar: (193‘1) and Theabald

'('1937, in Henhig, 1973) described foss:rl memhers of tha

family Tipulidae from i:he Eocene-(ﬂigocana boundary (40—50

Mym), at which time the fami_.y was well-establishad ahd K
._ some exi:ant subfam:l.‘iies [limoniinae and Ta.pulinae} and gene:r:a '
could be J:ecognised {e.g. Em from the Palasoarctic and
- Megistocera and Brachmemna from - the tkopics!. 'Alexénder.
and Byers {1981} noted the presence of a few more genera

{_espe_ciany 'of. ‘the ‘I_';Lpuhnaa)__ of _equivalent aga from the

isle of . Wight. Rrzemifiskl {1985} desc::ibed_. ﬂva- new

species from Baltic amber (Eocene-Oligocene), and .assigned

" them to the subfamily Limoniinas; a new species of Helius,
_ B. ahgitus was among them. The ‘Florissant shales, Colorado’

{30  Myrs: Upper Ollgocens-lower —Miocene) have . yielded
genera of the Idnionjinae, Tipuljnae' and Cy]ihdrotoﬁli;iae_

(Scudder, 1894). An additional FRees new - sgecies of the

Iimondinae were descn:ibed by Gentilm:l. { 1984) ‘from the Upper
. Miocene. of Italy

 Stasis

‘The conservative natuwra of the fam_:lly_ and - its genera .is

spparent. Rohdendorf {1974) indicated - that the Triassic-

" Jurassic representatives of the sﬁperfam‘ly '-_Tipplo'idea_ closely

resembled those of today. = Savishenko (1 966) Aesoribed  the

mbdé.rn-day distribution. of - the - famﬂ.y 'Ili.pﬁ]idae,. and
emphasised the nresence of many genm:a in Austt’a‘.lia {e.g..
michop_e_gai,' which lm:ka away - ‘from the rest of Gondwana_-
in the early crgta.ceous, as support for the Mesozoﬁ.c arigin



_ . of “tha g_foum- Prig was iatér' backed- 'by. fossil evidence
- {see ‘abovel. The Orapa ‘tpulld, belag 2 member  of the

'subfamily L:l.mon:linae (and the e.xte.nt germs He]:.us}, indicates

.that .the . subfam:.'l.y prohably ' appearad -shortly a.ft_ar tha'

Architipu]idae. _ 'l'he sugg&stion by Wighton '£_19"'80_} ' ._that. the

two sister groups, 'I‘ipuhna.a and Limonitnae '{.se.'r_ssu I_{'_en_nig,','
- 1950}, diverged in the . mid-late Palaaoc'ané," 'was 'ok_xviously
grossly unferestimated. ' The Orapa specimens from Cenomantan - |

depusits cléarly show that, If the 'I.:lmoniin'a.e and ‘I'ipu]inae

a.ré' indead sister groups, as the morpholog:.cal ev:.denc:e'
o suggeﬁts, the two .suhfamﬂitas werd estabhshed considerably
-_'-earlier “than th:is, at the very 1east during the Lower

Cretaceous, . .

- Tﬁe__ stable nature of the garius_-ﬂe]ius is obvions and in
" ‘keeping with the group as a whole. " Although other animals

and plants of such antiguity have been confidently éss:l.gned.

| to living fanilies, few of them can be included in modern

'genara.. Wii':hin the genus, a number of' characters. are

.. shown by the fosa:n.l t:o have - been remarkably stable. Fm':
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example,” the aver:al‘l. wing venation, particularly the ma.nue.r' .

z.n wh:'l_._ch cell ry widans distally and _the . ch_r-u:acter and

'dataﬂ' ﬁf the distinctive mouth ‘parts (size of mstr:um, size
. _of terminal palpal segment). - Stasls of this duration is not'_
' easy to explain particularly in the . cnntext of the number: )

and type of _avolut_iona.ry changes whi\_':h ‘have. occur_'rad _ail_'lce
the early Uppar Cre'.taceous_'..i'.n most animal and plant groups.
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'_ The "genns appare.ni:ly' had as' wide' LY dﬁstﬁﬁutioﬁ :in the o

past as it enjoys today, it hae been found in the South‘_

Africa. from the’ Cretaceous o the present and in . the
. .nor_thern_ Hemisphere " from tl‘xe Eocene-oltgoeene to " the

preaent Its perss.stenoe in South ?\‘ Ty may be aktributed

to the position of ‘the contme f';azm}mieo times‘" it

.lay approximately 159 to  the south of its present pasitmn,'_ :

_in other wcx:ds, Orapa was- about where Cape Town is toc’ay. "

The fact that the genus is 8o t:l.ghtly connected with. :L'Ls

'prefer.r:eﬁ habitat makes # more li_kely for the group to

_have shifbed it geographical z:a;nge as the climate chenged,

t:han passwely under:qo speciation on: suffer extmction. ;
Looked et :Ln “this way, the presence ocE membe.rs of a 93
mi_.llion _year_ old fossil tbaxon, . identl.cal to those living

. today is not ._so'surpr:lsing, and may even ba predictable.

SMRS and implications for evolutionary theory
The numercus coloured spots wh:(ch are common on extant

specles (and there _is' an  indieation’ of some of them on

thig speciman) tﬁey also have a bearing on the exiatenée of
stasis. - It has * been suggested previously tha.t they serve

as st:uctural th:.ckemnge or oemouflage (Gentilini, 1984) A

mofe complete explanation, however, _may' concern thei'c .

.function as recogrition signals . (gensu '-Pa;.terso'n, . 1981}
hetwaen members' of ' the species. The - most: important
adapt:etions aze thoee which feoi.‘li.tate mating anﬂ syngamy.
~Charactevs . which funotion in . courtship " and recognit_:.on,_

therefore,. are- funda.merrtal for the ident:flca.tion of a

genetic spem Tipuhﬁs commumcate through v:lsual. e:r.gna]s



(the structurs of the 'eYé, their ‘diurnal nature | and £heir

E ___5warming behav:.our “all mdicate thjs} ‘ and the:b: morphology :

"thergfore c:pnl::r:ols ' communicata.on.- Ovca:ralt mcrphology,
: __particuiarly' the cblaur and gatl:a:n cof -thezr wings, would

therefore come under intense stabilising select:.on, for any-
_variatiou would result in the ind:.vi.dual agt beinq racogniaaﬂ

“as & potem_:.:l.al_ mate h_y conspec:fics. -

s



. CHAPTER THREE
FAMILY TIPULIDAR

© 3.1. INTRODUCTION

In the following se.ctlon I desoribe 11 membars of the
family Tipulidae. Many of t.he  Fossils aze incompletely

'pres_érvad, ‘but I have. never:theless bs.-er_x able _tb place thém
in the 'Tip.u.llidae with varylng degreas of confidence. - They
are included 'tq give a . complate .pd.ctu're“ of - the Orapa
_ dipteran. -f&uné. qigmf:.cant part of the Orapa 'fau:ia
caﬁsists of - tipuu.as. This. is consistent vith other data
which show that the oldast sec‘l:.ments containing recognisably

,:mdecn forms" - of insects naarly always i.nclude tlpu]ids”
(e.g. Carpenter, 1937; Jarzembowski, 1984; Jell & Duncan,

1986). In addition the family Tipulldae is . the largest

today, and is among ' fhe most ancient, It is. perhaps

predictable “that tipulids would be present ini the Orapa
 sediments in. significant nuwbers. ' '

For eack of the 11 specimens described in this chapter, a ..
desm::l_.ption_ and a short ) -.discﬁssion . is given. I 'have .

_attempted to key out each specimen as far as possille,

aven though evidence is sometimes ~ vague. Keying-out

. specimans beléw fémily level is - based mainly - on gross

morphology, ia, tha attuct:ure' ‘of . the head, ant'an_hae, and,

-where passi.ble, wing "vena_ﬁbn. : 'I'h:l.a unfortunately does not

take inko account - adsquately Ethe broad spectrum of

diagnostic features required... but the ~data available are
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fraguentsry. MAs the fanily was Aiscussed in detail in the
"e-.vious chapter;- a. general d:lscusaiun is omitted here and
‘I:he information helow comp:ises sysl:emauc descr:.p!:i.ons

'3.2. DESCRTPTIONS AND DISCUSSIONS

Subarder: Nematocera -
_I-nfraorderﬁ- Tipulomm:phﬁ
_' Superfamiyﬁ__'i'iéﬁloj.dea' .
Family: Tipulidae .- :

3.2.1. SPECIMEN 1 __ . | -
The specimen i3 preserved Las '. part, BP/2/27578a (Plate 3n 3
.' 'C;'nFigé 15 & 17.) ahd counterpart, BPfo.?‘?S?Bb {Plate iR &
Cbi- Figa 16 & 18), as a compressicn on gra_f mudstone.
Deseriptlon -

The a{;ec:m\en :ls we.'ll—préserved, particularly the . part, which -
 forms the majn - basis of the descripi::l.on 'L‘ha head twikh
-antenna}, thorax {with &1l six legs and hoth fore. wings)
and the "ab&omen: __é.:f:e p.reséi:ved.' ‘fhe ‘head, thorax and

~ ahdomen 'edmhizied are 5.'5inm' long (e'xcludﬁhg 'fh& -éhtenna}.,-
‘The most caﬁplete wing {the - wight wing of the part:]. is
long and narrow measuring 4.85mm by 1 ¢ 3mm. - o .

HEAD.. The antennae ére made = up of' appmﬁmately i1
‘segments  {poor preﬁervation prevents me being absolutely '
‘certain), and measure about ome and a ha]f thnes the

length of the - heaél,. ’I'l_;e segments are marg:r.na}ly 1onger_.

- than broad, and wvery haﬁry..-: The lerxgth uf the hairs :I.s



tw.f.ce the w:.dth of the mgments (F:.g. 16). The rosttum .is
shm:t, and the eya appear to be dichoptic. .

43

. THORAX. Individual  sclexites =  of  the  thorax  are

indistinguishable. -

'_I.égs: all six. ..131.35”- aré._' preserved aJJ:héugh"- five a’:r‘e_ . -

incomplete. The left hind- leg is con‘ipleté’ the right- hind

leg and left middle leg -only lack details of their tips,
of. the ieft f:conl: leg and ziql‘rl: mddle leg, only the femur'
_a.nd_ tihia - are pmse.nt, an uncmnnaci_:ed set  of tars_al-

.segrienf# may belqng to eithér of these. The fémur ‘of the
::Lght" front leg is all that vemains of this linb, Fenora,
tﬂ:ﬁ.ae and tarsal pegments axe long and slendar. ~ The leg
iz approximately twice the length of the bcdy, “the  longest

{LHL) - measuring 10. 82mm. ~ The coxae are 1arge and
e_longéteu, and the femora . are s‘h.ghtly widened - at their
distal ends. The :rﬁ.ddle f:ibd.a of tha - left Jeg of tha -

counterpart (Plate 3B; Fig. 16} has a aingla tl.bdal spur.
. The tarsal segments- are ali-'appmxiiﬁately of equal length

(0 44mm) , t:he d.istal ones bsing oniy fractionally shorter; -

none is swollen. - )

Wings: (Plate 3C & Dj F:I.gs 17 & 18). The wing: venation
is. indisﬁ.r_:ct, and it 4 ot pigment_e‘s&. but - transparent
-throug_hout. . It is long.- and_'_narrow. - The cbst_a' {€) --extendé

. up to vein Rj.. Scq Is 'damplete,_. long, but  does not
éxl;:_eéd the fork of Rs. ~The Hp of 8oy is _possi'hly'. .
present. {Fi'g.' 17), and, -if 50, kS J.s:__- nearly transversely
'crrientatad and distal to Rs. nl' w2 * and ._.R;j are slightly -
divergent: at their__ 't:l.pa_ _ only; 'i‘ha- cu:igm of '_Rs _is _



rectangular and :ls posu.ti.onad pro:dmally one tlurd along the
.'-1ength of the w:mg Branches of R3 and-R4 are -gently'

-divergent, and thoae of Ry . and Rs' are convergent at the:rr
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tip, and are paral‘l.el for - the Test of their 1engths el

ry . is two_tmxds'of ‘the. length of = rg,  Ceil dm  is

'_rectangular cl:'ossvein m-—cu is situated Just pu:ox:uual to

the fork__of M {Fig. 18).. Thiee vains :l.ssue fram dm,. all

are s;lmpla and reach the 'w:lng- margin. The middie 'vsin Mg
is two and a half times the lemgth of the dm cell. - Cua
_ is straight; 'there . :ls no  constriction at hranching ‘of Cuag
a.nd Cudg. cuA‘],. Cuaz, Aq and Az ‘are all app::oximatelf
o s_traight;. Ehe latter - three curvmg‘ fracti.onally prmd:nally
' where they roach thé wing margin. . Halteres are miss:l.ng

ABDOMEN. The abdamen comprising approximately 10 sagments, . -

is long =nd nermww  (3.67me by i.15mm at its . broadest

pointl.' - The abdomen ig broadest at sagments two and .
. three, and tapers to a'point at the posterior end. A pair

of ‘cerci is visible and these are as long. as the last ‘two
'aegments comhinad ’J.'hay indieate i.hat ‘the spec:men is a
_fanale Ml segmants (axcludmg the genitalia) are broade::
than they are long. '

Discussion

_ The gross morphalqgf, particularly the size ratias, indicates

that the s'pecimen undoubtadly belnngs o the Tipu]:.dae..

Seve.ral features af tha wdngr venation exclude the foss:l o

from the subfamllY Tipu.'!ina.e; ‘and- placs it either with the
limoniinae - or Cglindratominae. These are that._ Soyq is



complete; Cu is’ migut, and . there is mo constriction at
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'branchmg of sz-l and Cqu. 'Further, ‘the presenca of the

: tip of R-l £2 indicates ‘that the apacimen s pmbably a
memher of the L:lmominae, :rather - than tha Cyhndrominae.

However, th«-. antennae_ of approximately 11 segment_s is a

T characteristic of the Pipulinae, and is c'mly. 'rar'ely

found in the Limoplinae and Cylindromiinas. = If this fossil
iz ‘2 member of the Tipul:l.ﬁae,- it may. be allocated to the

m.be Hexatomim. as t:.bial spura are pcresent

'3.2.2. SPECIMEN 2

The ~part, - BB/4/25228 (Plate 4A; Fig. 19) 45 a poorly
. preserved compressi_on on  reddish-grey - mudstone; th_e_
_ counﬁerparb is missing. The head and . its appendages are

missing, as dre all - of the. legs, and both halteres. The

thorax is dist-arted and has .partially -braken away from the .
abdomen.,  Both w:mgs ars - present bLtt ona has folded ovel:_'
 itself 'obacuﬁng the venation; the venati.on in the left wing
is incomplete.. Together, the tharag and abdomen measure_

B, Smm in 1ength. 'I'he m.ngs a::a neaﬂy as. 1cmg as . the

‘body and measure . A5mm  and  5.m  (laft  and  right
- respactively), The basal portiofi of the Ieft wing Is-

' missing.

. Descrd : o .
o THORA_X.. Individual segmenta are not discerui.bla. '

 Wings: no pi:gmentation is pa:eseat.- They aze long (at least '

Som)  and relatmely marrow . (l.4nm)  {left  ang).

Appraximately ni.ne or ten vains -xeach the wing margin,



The basal cells are’ over bwc: th:'rrds af the m.ng 1ength3
The _ costa .{C) :ls mcompleta Cand the pr:asgnce, absence or

positions of 5oy and - 8oy are imposszble to detamine with

: conﬂdence. R p:obahly hra_nches ) tw:.c:s g:.ving' rise to -

LITEOIS and  Ry.s ‘The origin of Hs s almost

rad:a.ngula:c Branching of Rs, - u and cuA occur in awm almcst o

lmear transverse hne, j.n the d:_l.sﬁ.ncti.\re regi.on. near  the

"apmal third of the wing (the 'cord’), Crossvein m-ct lies
just prox:i.mal ‘to cell dm, which' 15 ‘gmall; three siaple veing

{M1'4-2" M3 and Cua.[} ".':Lss:ze from 'its'--dis‘;:ai gide with the
middle vein My heing - nearly twc: and a ha]f times the zell's

Jength, Two completa anal veins and a.n anal lobe are o

pa:esenﬁ.

ABDOMEN., This iIs narrow, alungated, -and composed of e:'.ght_'

“or nine sagmént’s.-_ : Abdolrﬁ.nal segments are -é.pproxjmately . as
‘hroad . as long and nearly &ll. of equal w:.dth, and the

abdomen t.herafcra doss not’ taper distally, The First

segmant is the shorbest in 1ength, the - second tha longest,

and eac:h progressive segmerrt is a- fraction shcn:Ler than the_ '
. preceding .ons_. | The ‘hypopygium  is ha_re_ly visible; it - has
. kwo swollén _' a.p.l;landages- which ‘poassibly '::epmsapt - the L

gonoghyli, =

' D:scussiog

_ Although' the overa]l mrphology ﬁ the . specimen i verj{ '
‘similar  to. that of ‘members of . a familles Tipuldae,
?achyneu:ﬁ.daa and -‘I'.d.éﬁbéeriﬁae’, '. 1-:..11@. _' sevaral features
which exclude th.'l.El specimen. f:r.'am tha 1ti:en‘: two., In the
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_ Pachynau:idae there is a p.].gment spot on tha wing and the

.‘cord' 1195 ‘at the  centre o£ - the wing. m _ 'the '

"I'richbcendae, the "wings are ha:r:.er, ‘and " m-en  1ies Just

-:_"beyanﬂ the dm cell. Other general features whmh ind:.cata" o
. that tha spec:.man belongs to the family ‘I':.puhdae, are the .

.'large nmumber of - ‘vains reach:mg the wing . marg:.n oire or

tan_)_ and the - pw:asence of twa anal vems. Consuiertng the
'Tipulidae : alonﬁa, _ tha swollen c;oncstyh and the m-cu  CYOSE -
vein posu.tloned just a frac!:ion groximale to the dm ce]l, _

remnd ma superf:.cially of * the genus Lmom T d:lscuss

this genns in mora detall later,

'3.2.3. SPECIMEN 3 -

‘Part, ®#P/2/25843 (Platé 4B; Fig. 20}, The fossil is an

- excellantly preserved wing, and is compressed on a hlock of

grey muastone. ' Venation is dist:mat, but the basa of the'
'wimg is nﬁssinq and . the hdSﬁl—gostenﬂr ragion :is folded_
over :i:se]f. Vepation in this. regioL is, : _however,- not

entirely obscured.

Degcription

The single wing (up' to the unssmg pro:dmal region} 8
moderately' 1nng -(3 4mri1) and narrow (1..3mm}, and the blad.e.
is densely covered with fine ha:.?:s The ha.irs on the vdns_
are stonter, . particularly those on the cns‘.:a. The wing is .
mq..*e'_-. "o:l;“ 1355 clear _tm:ougho_ut, bhut very s]ightiy .darkene'a. :
(2pigmented) béi":wean. $o; and R,. at the Hp of Ry +2,_'at' |
' _. .the o::iqms of Rs;, R3, R4+5, M1+2 and. a:l: the - yroximal s:.de
Cof ceil am,  The costal vein (C) emds at tha tip of the_
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e 1 longi:tud.ral v'ein {R4+5)_ - SC-} 15 compltEtes gnding in

the cos'l:a, it long, terminat:l.ng Just prior to the fork of

Rs " ‘The free t1p uf Scz is lack:lng, w::l:h scy _endi_ng in

. Rq 2 d:rectly opgosite o ti.p of - Seq.. R hranches twice

-and, themfurg, has three hranches R1+2, R3 and R4+5.-'Rs

is . gently .arcuated. . Rq,, eads in the ocosta at egual -

| distances from Scqy and R3.' - AlL -'lonqitudiﬂal _ veins are

stmple, and all reach the wing margin, with the - possthle-

.--exception " of . the .anal veins. . ~The dJscal'ceJJ. (dfu}- has

three veins arismg from it (M.H_z, My, and ¥4). Cell ﬂm i

blunt and shocter than tbe ‘middle ‘vein #ssuing from ik,

The  postical cell {cu} is lbng, half tﬁ_e lent_:r';: IIE the

" am

wing. Thera appears to be an abberation in the venatmn- -

in that there is an axj_:fa crossvein between Ry +5 and My.g
Just’ Beyonﬁ am. - Ml veins beyoad .R1 ¢z ore cmrved gently
" towards the. posta:mr, they are more aor’ less paraii.‘l.al along
their lengths anc'l they diverge sli.ghtly d.istally.

T\iscussion

" The wing Venation indicatea the d:.pte::an . belongs to the.
famﬂy Tipu}idae, : subfan'dly Limonlinae, iribe - _Hexatomim ar |
3 Limoniint. In the He.:_catomm, a distinguishing featurs is

the lack of the free tip of Scp as in the fossil. . In

the “Limoniini however, the free tHp of s::z is present, In

the Limoniini, By and Ry are fused to the margm and thers

are only two branches of Rs (R3'anﬂ Rgsg)y this ie also_.'
the case - in the fossil. . l tha Hexotomiti, however, Ry

".and. 115 ara aeparate, R4 is usualia captured by Rg,3- to

folm a distincl: elamem-. R2+3+4 and usua]ly thrae ‘branches



" of Rs are "présant' isome’ 'excépt:‘.ons éxist; - 8.9. Atarhba {-F-i{;. :

._21)]. The wing. of this - 1ati:(r genus  doss ‘display ‘a few

sinilarities with that of the fossil. However, the wing of

the _genus Limonia {Dicranomgz_g Etephens’ marleyi {FJ.g 2_2!

- shows. & remarl-:able resemblance to that uf “the foss:l, bul‘.' '
'the pigmentation of the fossil is cunsiqe.rably 1ess diatinct. :

'Wing ‘spots' . or 'pigmentation' on fossils hnwevm: 'm_ay not
- 2lways be a direct reflection of their"_pl:es_ence' or absence

m the " iiving 'épecisne'q. In ‘some instances,_ colouzration may
bé -'compiefely ioat_. .ﬁuring fogsilisation, | or; ejr.ernativelf,:
'-ata_ir&:_‘:.‘né_ of the Qings “may - he. addnd during this frocess..
‘In some of  the exquisitely. _pr_;-.!ﬁerve& Orapa _épecﬁmens,
distinct stigmaka aré pre_sérvéd : {Chaptaié_ 2 & 8); one might

therefore sxpect pigment to e preserved if it were present
on the - original, Although this lﬁa}r ‘nmot - be conclusive
eviden_.ce,' ‘I regaxd the darke'néa patches on specimen .3 to
be pigment, which wag present on the Ji#ing spgcimen. '

The Hexatomini is & major twibe within the family, and
Ancluddes 12 '.ganei:a. {260 s=pecies) in the Af_mtropidal-' Region, -
of which seven oceur in South. Africa ({Hutson, 1980a), The.
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genus Atarha  is a -”'relatl.vely - large "genﬁs, . ﬁith

} rapr&sentatives in all major reglona of the world, and a -

'great: goncentration in “the Neotropics (Alexander, 1564}, - In

't_he Afmtropical re':io_n this gemug has only ten Speciasrin. :

two genesm of whidh - four s'pe'cies oceir in bgcth' Af:;'ica.

One of thwe,' the s:':ecies' Atarba capensis, is very aimilar
" to the fossil, L., the shape. of the '¢duy and lay-out. of
“the veins ave nearly identical, . However, a number of



differonces  are obvious: the . ving - of A. -dagenaié is not.
_ ﬁigmantéd (Fig. 21}, Ry . ﬁoes “not joﬂ'.n' R3 f.rom' Riygr . Ry
. curves - antmiquy and Sc is shc:rt erﬁ:l.ng a long -distance.

'.befmce the fork of Rs which is n.early opposite the ardgin
of Es.. 'roday in South Afnca, A cagensis is resl:rlctad in

_d.i.strihutinn -tn' the Cape, and mmature mdlv:l.duaJs are known-

'to live in sodden decay:l.ng woed (Alexander, 1954).

The  tribe Idmoniini s very large indeed.. In the

Afrotrapical region this tribe “isy represanted by elght genera
'm.th about * 300 sper::_l.es, and, in Soui:h Af:ica, there are 52
._spe.cias in six genegra. Limonia (Dicranomyia} marle y_‘_ whose
general wing- shape appears ko be mre elongated than that

. uf the fossil, has very aimilar 'venation and pigmentatmn'

(Fig. 22).

.The pa.gmentati.on ‘of L. mar E was dacrihed by Mexander N

(1917) as follows,
(a) Large stigma spnt which is raunded._
(b Paler markmgs along snams as fo].‘lnws‘
. -ti.p of Sc
- ~base of Ra
—-t:l.p of R14-2
_ -cuta' ends of cell dm
. ~proximal end of _call ﬁ'm.
-m-eq

{c) The veins are dark.,

A dif-ferinq_ venational-_featuré" is the square.-'.cxig'in of R,
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L:Imoma {Dicn:anomzm} 1s ::epor’oEd to occur at - t.he intertidal_ o
zones jor in brackish water on the Atlantlo (alexsnder &

Byers, 1981). o

Capa environmental condﬁ:ions {as 'pu:efén::ed by Atarba) are

'likely in cretacanus Orapa as ° are ' hraclsh o saline
envi:onments {see  Chapters . 1 & 9). Most. of the other
“dipterans found in the sadiment:é' have affinities with a . more -

Capa-like ciimate,

3.2.4, SPECIMEN 4

The specimen, BPR/2/25939 (Plate 4C & D; Figs 23 & 24) is
a éompress_ion on grey mudstone. The head, thorax and
~ abdomen have been relatively well-presarved, wher=as portlons

of only three 1eqs re.mam, ﬁnd these are péor]y preserved
{of ‘the t_hree, the left fore leg is cthe - most completa).
'I.'he left wing is. pr_esent.. and, a-lthough ‘the venation is

' unclear in places, desc:riptiOn ‘and. 1danti.1:icrtion are based.

almost entirely on this wing.. ' The wight w:’mg is- preaanf
only in parts and these- are ‘very badly crumpled. - al
| pedless far :_idgr_xt:lf_icatioh purposes. - The . lefl: wing is
: ralativeiy "ionq_. {4.45mm}, elongated avd narrow 1. Omm). It
excesds the lemgth of the head (with rostr.m, but without
pa};pa),'-..'.thcra_x._..aﬁd | abdomen {with - éérci) combiﬁed, which
messure . 0,6mm, 0.7mm and - . 2.9mm .-'réspeéﬂ.ve.'fy. { 4.2mm

combined). .

Degcyiption _ _
- HEAD. The. r}.:u. triam is conspicucusly extanﬁed '[Fig. " 235'.; . The
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_mpouthparts . ( ?la“:t and :I.ght palps) are lnng, :l. e. ong ar_;_d a _

. -half . times t_ha_ 1angi:h of the rost:r:um :Ii:ae]f Irﬁiv:.dual

~segments cannct be del'lmited. 'I'he ani:snnae are :E:ll'i.Eorm, ;
Tof 'mdderaté slze . and they . ‘ave equal in length to the
ru'e_xtn:um._' 'Ipd:l_.vidual Elagellomeres are not diat:.ngu:l.shable .
The componund : éiras_ ‘are :_iarge, but -wids_tly separa_ted.
djsp_lafmg . the brosd = postedor . vertex. Thls ig  the.

' dichoptic condition.

) "IHORAX . The 'pronotum, p:.esr'utum and - scutum arg large and
_can be ident:f:ed (Fig. 24, o L
Lega: lcmg and slender {4.6mm) measuring -about ome and a

‘half times the length of the body. No part of the legs
- appeaxs. t’.o' ba thickanad, Le aacﬁ segment is of equal ..
width throughout. No tibial spurs are visible, but this may

h’a 'fiue to poor preservatmn. Ipdeed, only one leg--(ﬁit_h
" tibtz) was available for . study. ' The right ?front coxa is

presant.; it i conspicucusly large end elongate, ‘Tarsal

claws cannot be ohserved. _ o
Wing: the wing is entiraly cavered in merotrichla, Tt is
completely tranaluscent, and  has 1o trar:e of pigmentat:mn.

Venation (Fig. 24): although venation is indistinct - certain

cha_uractaré ware ﬁetexmined hy caraful observation. Elav_ren
"'.vd.ns reach the  wing. margin, -'rhe; costa (C) ends nearly at

the Hp of the wing, at the end of Ry. Seq s long, -
 ending’ beyond the fork of Rs, in line with tha pranching
- of ‘Bs into. R3*4 and. Rg. o The crigin  of Rs is at the '
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boundeu':y of thi proximal thﬁ:d ‘of - the wing. The pcsition‘

af Scz is unknown" it dpes not appea.r to cend in the




s
_ costa" R1"+2,_ although mdmt:mc!‘., appears to end in _.the
' costa ha.ZI:Eway between Sc.; ‘and Ry. Ry, Ky and Ry are

" separate, i.e. .-Rs has three " branches reaching the wing

' mavgin. Two branches of M’ (M;,, and 1) reach. wing
_mergin, - Cell dr is not distinguichahle. CuA; is scraight
for most of its length, but distally i curves distinctly

. . towai:'ds the t:oaterior 50 thét i ends ':'iust a J.'IJ:.tle in 'front;'

oo 'Cuhz, My - and the two anal veins also curve towards
the posteriar edga osE t.he w:Lng AJJ. veins anter:l.ou': o My
curve ante:cmrly. g Cm_ssveﬁn r-m originstes in Rg, and it Ig

unclear whether - m-cu .is present. = Basal cells ke ‘and  bm
are approxmataly “two th:.rds -of the wmg ] length long. -

There are two comglete -anal veina

ABDOMEN. The abdcmen is relatively long and slander, and -
approximately equal in width to the thorax at dits widast,
The abdomen tapers sharply from = segment four  onwards - .

ending as a pointed tip at the posterior end. Tt consists L

- of ' approximately ten segments {the segmental ' divisions,
particularly towéi:ds ’cha' postmor end, are indistinct]. I

E suggest the texminalia at the postarior cﬂ.‘ the abdoman a:ce
'cerci, and the specimen ig- therefora an adult female.’ These S
cerci are lengthened, _equal : to mgments twe and three’
comhd.ned. " Thay were pussibly’ éu.wed upwards 4n  the living -

spacimen . as the one cercus is cu:;ved towards the xwght -

" gide of tha fnss:l.‘l..

Discussion

The gross  general : morphology  (iacluding '_ the lengthenad



rostrum), ‘and the distinéﬂve -wing ven‘atioﬁ (espem.ally the

"11 veing reaciung the margin and the presence of two anal

_ veins} az:a typical of. members of the family Tipuhda.e. ‘I'ha
-_-rcstrum, tha 1ong completa Sc-; -vein. wh_ch excaeds the - fork :
_of RS and the specimen s moaerate cverall size, is a;m:.lar :

to _membe:_cs of the _ ' subfamﬂy Idmoni:lnaa, and part:l.cularly
the tribe Pediciini, ' '

© 3.2.5. srﬁ:cnmu 5 _ _
The “specimen, BP/2/25948 (Plate sA & B Pgs 25 & 26), is
praserved ‘as a compmssion on grey "r_nuﬂstone. Both wings,

the abdomen, thorax and head, one complete lsg, and

portions of at least thrae other legs have been preserved.
The mouthparts and antennae are .also p::esant, a= is . a

portion . of ‘the gxanital seg‘ments, and possibly a halter' all

are comparatively indistinct. Togather the head, _ thorax and
abdomen {without ce:ﬁcn‘.} measure - 5.2mm. rha wings are
narrocw and elongated. _ Thay excead the - langth 'of  the .
.abdomez_‘t, measuring  5.6mm and 4,.8nm  for the left and right
' :wings_'.rgspeqﬁvdg.' It iz impossible to map out th_e. wing

venﬁtiun,- gince théy ‘bave both folded over ti;;e:r_lsel\;es ._(Fig. :

- 25).

Description -

 HEAD. . Figﬁ;:e 26 shows twa lai'ge ccms.mund' aves, - s_epérated _
- by a hroad '.p.oét'éﬁar ‘vertex. :-Inﬂivi.duai ‘hexagonal I_:'B.cat's."
- of the :cight gye ara - clearly prase:r:ved. Mo ocelli .are
prasent, The rostrum s extemted and thare ave palps

vizikle whiql_i_ are a5  long - a5 t_l_ie-_' rostrum. - Antennae  are
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' filiféu:m; long, and consist of 13 5egment$- (see left -antanna,-
' -'which appea:rs to - he. c:implete.} The scapa a.nd padicel of -
_tha left antanna ara'__ clear; tha__y_ are large and
approxmate_y tvﬂ.cn ' as kroad 28 .the sucéeeé_in.g.'_ S_E‘-Qméﬂtﬁ-

- The n.ght antanna is miaaing t:he scape, pedicel and. the

f:l.‘.ESt ceuple of flagel.lcmeres, therehy consisting osE only

'eight sagments. - The point of origin of - ‘the - antenna.e and

' mouthparts on the head is unclzar.

THORAX. The thorax has been comgressed 1atera11y (rotating
' tQWards tha left during fcssu]isation] axpusing rietai‘ls of the_
. right side (Fig. 26). B Tndividual sclerites are 'discernible, '

but ‘some of the delimitations are vegue. The pronotum,
"pcrg'acutum : ﬁnd_ scutum  are '-ob_vioﬁs and very robué.t. Eight
other sagments .. (i.e. katepisternum, anapisterﬁum, ﬁnepﬁn@:on,
mer.-.on, soutellum, mediﬁtergité, . ‘anatergite and . katatergite}
'may also be identified, but wikh less certainty, _

Lega. long and slender, approximately two and a halt' times
the lemgth of the abdomen, and Just short of twice the
-hngth of the ._head, “thorax and - abdomen c.ombined. The

three right-hand coxas, and *he left-hand hind coxa are

preserved; they are slongated : as. are the trochanters. No

tibial spurs ar tarsal .é_laws; can be seen. From coxa to

tip, - thé' back right leg, the only 'completa " ane, measuras __ '
B.jmm. The distal ends of the femur and tibia (REB) ave

' very slightly broadened

Wings-' both ' are crumpled, a.nd m &etaﬂs are presarved :

except their long and narrow cutline - structure,. which

possibly represents the knob of a halter, lies on the. xight .
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side of the specimen in lne with - the 1st’ abdominal segment .

E at ‘the. base of the right wing. The base and stem. of thié'
. hal;l:er are net p:esmed. The knob is elongated and split -
in haL’E chata]ly {probably ﬂua to compreasmn}. If the"
_haltez: was -still attac:hed at the . time of death ox buml.
~ and is J.ying in the  correct’ poaition, the stem was fairly"-'
" long ..aﬁd "probably-' NALTOW. (apprq:dmately 0.5mm in _1ength), B}

~and attached - between theé meron and the scutellun of the

thorax. - a

BBDOMEN. The abdomen is long and comparatively . glender,
congisting of about ten sagments. The sescond and third
segments are  the wideét, heing two and a 'han times as

w:l.de as 10119. The first three sagments are . tha longest,-
'segments four to seven are shorter (all of which are"

_approximately 'equal in length}, and bet:ween segments engl'rl:,.
~mipe and ten  the segment . boundaries are not clearly

defined, The abdomen ‘tapers from the third segment
onwards, and endé- bluntly'_. at the and of the tenth-
"segment.  The last segment bears the Jeft céréus and

:l.nr‘!icates that the specimen iz an adult” female The cercus
is &8  long as aegments fiva and six combinad.. It 8

'p:eserved curi:mq gently to the left, and, as in the :

p:avious specimenr, this may suggat that i:t: was curv«;d
gently ‘upwards when the tipulid vas alive. '

“The 'génera'i. feﬁtuies mﬂ::.cate that the . specimen balbﬁgs' to
the  family Tipulidse. The small extented = rostrum  and

- 1)



" antetnae, consisting oF 13 flagellomeres, indicate - s

'..._possible . affinity to the sub;fam_ily Limoniinae,

3.2.6. SPECIMEN & - _ _ o
The fossii, BP/2/26717 (Blate 5C; Fig. 27) i compressed
laterzlly on grey mudstome, with its left side uppermost.

Tha abdcmlen," theorax, 'head, both wings, portions of two .

légs, and the mouthpa:ts ‘are prese:ved. Both . haltexes and

_ ante_nnae how_aven: are ruisa:l.nq. ' The quaJIty of presarvatmn
o ovsm;ﬂl. is. poar. Hom head to abdominal tip, the specimen
_méésux_‘es 4.4%m. © The wings are ~elongated and .nar:rdw, the
et measuring 3.8nm by 1.2um, and the wight 3.70m  (width
unknown, as tha wing is folcied over itaeJ:E!

‘Description _ _ _
HEAD, The ' head is |Thypognathous .as the palps - point
dovnwardg, The lateral . cémp:re_saion' showe clearly the

_"hexagonal faceté. of the _lefl: compound - éye. ‘Tha eye i5-
very large, ‘hut - doesd - not .:r:aach tha - mid-deorsal line, and a

portion of the postez:l.or vertex ocan ba seen. The specimen
e t:h_a:efora_ -dichopt:.c. " The lengther_md rostrum is- visibls,

as is the distinctly forward mrojecting pasus.  Falps are

also. distinguishable; they ave long aud thin, but individual
segments ‘are. not. ﬁiscernd.ble Tha labellum is also present

-.Tuoﬁax. The thorax is  hot cleaxly preserved. " gome
scler:r.tes can he readﬂy ident:lfaed, while othe:r:s less so.

. The p:onotum, :;_t_cescutum -and scutum are 1arge.__ I «can
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'idc\"tify the mdintergite, a.natérgite, -én'apirheron," apepdsternum

-and ka.tapistarnum. :

Legs: very long - and slender, _'hut' -tha:‘x- total. length  ig
unsnom as. none is - cc'uplete, fhe femura alone are af least

80% -of the length of the abdomen ‘The' middie and._ hind

coxae on -the left-hand sida- dre preserved; they -aze 'v_ery

lomg ‘and narroy. Two femora {Zleft  nind ‘and nmiddle leg)

and a tibla (?left middle leg) are alm p:esewed, they are
long ‘and 'sle'_nder and . ara not: dilated at any )_:th along
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their length. No tibial spurs or tarsal claws are preserved

{and probably not . pu:esant in the 1:Lving specimen}

Wings: blades are transparent throughout, w:l.thout Tace of
 pigment. Venatdon _ in both the laft and . right wings 15

indistinct, but particularly so in the latter. Ia the left

wing an important region (in terms of 'iaentification) has

flaked away; this is the section cdntainiﬁg {If present} the

' dm cell. The right wing also obscures these venational '
daetails. .The description ~ below iz therefore based on -

_careful observation of the left wing. 'Approﬁmately nine to
Ctan veins appear to reach the wing margin. 8gq s

moderatély long, ending in ‘I:_ha; costa midway - batween. the

‘origin of Rs and the fork of Rs. The origin of Rs is at
the end of. the first third of the wing. 78cq/Ry,, ends
midway between So; and Ry. Ry and Ry are fused along

their entire lengths, therefore Rs hes only two branches .
--reacm.ng the wing ma.rg:l.n. R3 and R4+5. _ Ceil 'r3' is 'I:im'
thirds . of thg _length of 1y T 'I'wo branches of ¥ reach'

the wing mergini My,; and My Cross veln r-m is Just

* proximal to- the widdle of the wing's hngth_~ ) Cross vein -



N cu iz possibly prasent, 'placed two tiu"rds of the 'wéy:' éléng '
" the wmqs ‘lengkh, pore - ar less in line with t:he pomts o:E

crigi.. of M.z and M3 on tbe :Eossi_. Cu zs pre.sent hut its

_ _dJStal _ porta.t_:ns, S Cuhy  and CuAZ, - are - not d:tstmgmshable
The basal cells, br and bm, extend to over half the length
of the wing. . Two anal velns, Ay and A, are present, and

_both a.pp‘eai- compl.ete; :

N ABDD_HE‘N: Th_e abdm'ae.n is 2 GBI long, it is slende‘r:, a.nd
. cotposed of approx:l.mately nine tc ten - segments It tapers

distally froin aegment seven dnwnwards. ) :--'I'ergites: “and
sternites aze clearly visi.ble; betwae_n them is ‘a darkiy
_pigmente.d' strip (7 second'ar.y' -'sagment'ation.}' Parts -af tha_

' terrrdnalia are preserved; these are two swdl.len btﬂ.bous
structares at tha tip of -the abdomen on the dorsal aide.
Although there is not enough data:ll to identify them, the

specimen is. bel'l.eved to. be an adult male; the _atruc_tures '

poseibly representing two large outer gonocoxites.

Discussion _ . _ : :
‘The oversll morpholaqy and  wing vénatiOn places . this
specimen in. the family Tipulidae. The enlarged rcstmm, the

complate ~‘-'c1 vein which is . of moderate langth and does | nat_-"
exceed tha fark of Rs, the fact that 34 and Rg are fused.'
to the . wing margin, 'and;_ the - specimen's ‘overall mderate- '
size suggests i is; a mamber of tha subfauﬂ.‘l.y I.:Imani:lnae,-'

'. and more specifmally crE thé qanus Iamonia.
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3.2.7. SPECIMEN 7

60

The fossil, BE/2/25671 (Plate 5Di Flg. 28) s a lateral

'ccmpu:eeslon on a. radd:.sh coarses matrix, with' i:ts . hFE éide-'

expased. Tb.u: slender-hodieﬂ dinteran is 5.5mm long. : The

.. head, thorax and abdomen ave preservad, bt parts there

o:E,' 'only poorly 'sp.'_ -Om_a _.&r_ztenna, one_- wing and the

mouthparts a.ra present

Degcription

HEAD. The head is approximately thxae-qua:ta:s of the

length of the thorax. A rnst:'um is present which is
hotiqéablﬁ extended distally (= ?nasus}, pit . the compound
' é}'es -are indis_tinct; "~ No oce]Ji ‘are’ visible, - Tha antenna . is
.-moderately Jong, as long as the length of the head - and

rogtrum . -combmed, and' J’.t . iz - fitiform Ind:l.viﬁual'

ﬂage]lomeres are namw and alongatedy at least nine are
d:lstmguishable bul: it is not clear ‘whether this is the
complete antenna.  Although the rnouthparts are viai.ble, fine
_deta:l.‘la are impcssmle o distingmsh. . '

THORAX. There are threa sclerites fresent, the pronotum,
prescutum and the - scutum; all are. large. and well developed.

The  possible positions ~of the  scutellum, -medictergite,

htéroﬁar.gite, “aneplmeron, anepisternum and katépiétemum are
fllustrated in Fig. 28. Possible positions of two coxae

-{le:Et fore a:id hind) - are Ialsé indicated on the figure,
They are elongated and oval .m shapa. . _ _ . ' _
._‘Fﬁms' 'the":left wing is Presar:vad Ik :snamw ~and
elongated, 4t 4n length, and aa_as ot  exceed the



abdonen in lé.ngth. The 'axrl':aridr-. end - has _f}:;ic‘ied _bver:. :

:Ltself and no venatiun is preserved. - Halteres are missing. o

. ABDO‘E'\I The abdomen is slenda:', - composed' ‘of apnroﬁmafély )
._ten.segmer.x | Tt has rotated towards s right; this- ds.
particularly né;ticaable towards - - tha posbaxior._ It th'areby.'
- exposes the - sternites - clearly, but shows only little of the _. )

--"'tergzi:es, partl.cula.ﬂy pclstarmrly. Segments two, three _aﬁd
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: four_- are - the longest and broadwt, “the 'Iast four the .

Shortest ant_i: slightiy narrower. The ahdomen ‘ends bluntly
and three projections are visible at the distal end. - What

they represent iJs unkmown, bu: & the - hlunt e.n_& ‘of the
" abdomen may indicate that this -sp'_a'cilﬁen is a male. : '

Discussmg _ .
Phis speciman is a member. of the Tip.ﬂidae. The _.geheral

morphalogy conﬂma this, partic.ulaﬂ_.y cigs. elongated rostrum

(with its extended end - Pnasus). The completé absence of .

Coall mix le.gs miy be an indicatiun of i:heir frailty (a well-
known phenumencfn in the ﬁpu]ida.e} and may be a.nother
pointer to their afﬁmty to - members of “this fanﬁ.ly. The

length of the wing with respect to - hody lsngth, :ls sinﬁla::'
fo that of t_hé Cylindrotominze and Idmoniinae; however, the

nasus-like tip of .the rostruﬁ is sa'.milar 'ta some membar-= of '

the Tipulinae, 'I‘ha fossﬂ. is not ‘praserved weil enough for
. a more pca::l:ive identiﬁcation. '



'3.2 3. SPECEMEI\I 8

The foss:l, 59{2125919 {Plate 6A; Figs 29 & 30) is
comprased on a ccarser.‘ red mmstane, and Fine details sre

chscured by pa_H:.ic_ns 'cif_ ma.tx::.x : Ho&ev'e.w:; the' ‘head’

{particularly the compouna eyes with facetsl, the t:horax and

_ abdomen are presarved, and - together are 5. Smm m 1ength .
o Only a faint impression of a wmg is visible from whmh fo -
: _'detai‘ls were obtaina.bla and halteres ‘are nﬂ.saing completely.

‘Neone of the legs is prese:Wed. T‘he speciman is. 1ying on

“its  left side, the head howevafr isg tw:tsted to tha r.i.ght -

:evealmg its dorsal su‘cface.

Description.

.'_HEAD._. The head :ls smail (_O.HBmm} and rounded and ig -

" situated  anteriorly on the thorax, the: ahy pa:ojécting

directly forwards, Darge compound eyes are . present, joined'
for a- shou‘:t dlstance along ‘the - dorsal midline of the head' -
.[:!..e. partially hnlop. L {Fig. 30)]. The dursal_facets are
" extremely iafge, but the ventral ones are_'-'nut; visible; The
anté_nn_ae_ ahd mouthpaﬁ:s ai'e- indistinct. ‘The -antennae may_'
'_he’ Shoz;t, but it* appears as if the dzstal ends are missing..-
Analysis of - the mouthpaxts needs to he froated with | equal' '
awtion; T have identified the lahium, labvum and’

_hYPDPharynx, and 1 _ihi;erpret thesé segments in Pig. 30.

| THORAX. Large and rounded (1.8m) two and a half times

the length of the head {without appendages). only the
pronotum, pmscutum, : scutum and" ' scutallum - can be
_d:stinqnjshed with uerta.inty (Figs 292 30). “The  positions
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.~ and presence of the cer\'rical"'.scleﬁ.tés" (Pigs. 29 & 3'61,- the

madﬁotergite anu t"ﬂ_ fore, m.a.ddle and hind cpxae {cx'l, o2

and c.x3 re.spact:.vely] (F:.g._ 29} R are alsu mdmated, ne

other sagmems *“a d_s::__.guzshab_e

Legs: only a  tiny remnant o£ the pmximal part of the _
xight niddle femur remaus.. Tts base indicates that it &

8lender,

Wings" ‘anly the per:cmmal peu:'t of cne wd.nq is presa:r:ved, ®o
e ey :.nd:l.atinct, . and is only pmsarved as a -_faint

- g3

"mprassion. It is .relatively'-braad_ {1.Bmn) with a narrow

base and. large apal lobe (Fig.  29). fThe halteres -are

absant. _

. ABDOMEN  The abdomer is long - (2.9mm} ‘and relatively narmw, :

compr:ising approx;.mately ten segments, and’ it ends rather'ﬁ_"-. :

bluntly in rounded genitalla of which fine = details ‘are
'  missing; hc;.wéver, the specimen appears to be a mals, . The
£ifih segm;mt is  the longest and hroadest, _tha_ cthers
- pregeding ._aﬁﬂ:' fol]owing this one decrease steadily in size.

N Discggsion .

T tentaﬁ.valy aonsiﬂer th:is specimen bc: ba a - t‘.xpul:l.d '

'_-accm:e:l.ng to its ovarall gross morphclogy (e.q. smaJJ. head

L pru:ected anterioriy - from a Iarge.r and rounder thurax, the

" placemernt  of the tharacde segmente; the long  marrow

. . abdomets, -aﬁd,_- the length, :éﬁaﬁ'a _and -g&osita.on. of the coxae).

The -absenc;_! of Important _cgharacte;% such as the legs

(longth and treadth) and wings (vemation), provides Uttle

further substantial evidence for 'this 'diagnosis and it may



' indeed be incdrrert; : Hdwe&er, the a.bsence of leg:;,' as in .

the - p:revmus apecimen, ma.y affer soma ind;rect support for

.i:l:s ass:.gnmem: i:o the u.pu‘hdae. The pass:.b:.‘..z‘.:y ‘-hat # hes
e trosd wing and short :.ntermae_ argues against this
-ident:‘fioatidn, ags do the moul:hﬁa.rts which look more th"

those of cther Du.ptera (a d. some Musc:l.dae) -than 'I‘J.pu.‘!idae

3.2.9. SPECTMEN 9 _ . _
This specimen, BP/2/25269 (Plate  6C, D; Figs 31 & 32) is
'compressed on - grey muﬁstone. . Pféservati.on is gc_u_ba, but

unfortuna.t:ely the . wings : are folded dva' the __abdoinen,' ' )
: obs_'cu:c:!:_:g "~ ths aﬂ-ﬁﬁportant _ wing : Venatidn-. as  in the _'
; preﬁib_us specimen, this one is 11:1:;:; ‘on its left side, with .

the head twisted so as to expose its dorsal side,

Dageription

The head (excluding the antennae), ‘tharax = and - abdomen

combined . peasure 6.1mm_"'and ‘compared . to extant Tipulidae,

this  would bé__ considei:éd' only 'mpderataly_ long. The wings

are at least 3.8mm .m Jlength  (the basal region is ‘not

'préserved)‘ . If the base had been present, T es{imata ‘that
the wing may have been as long as 5.0mm.

HEAD, This is smal'!. and somewha.t elongated aituatad antero~
ventréjly_ with respect to the thorax. . Thers . arP two J.arge-
- compound éyés. on eitihar _side of the hea.d,-' which are nat. .
.connected at the dorsal—midjine c:E the head (z..e. diéitcpﬁi‘cl. '
’ Individual eye _ facets _are  mot _presarvad.- : Th.e ‘head 15'

distqrtad_. dq:sq_-ventrally and laterally, aud tha eyes are



o

thez‘féfaré éd-ntorbéd.'. ".I"he antenﬁéﬂ_ éra of - meﬂium lengthi'
-"-"'tappu:o::imate.l.y two to three ‘times the J.Qngth of  the head).
L _."I'hey ‘are elongated and comp::ise appmmataly t.':: 13
:_'f"aga!_.‘.cma‘es (according Lo Ehé r'q..t anten..a’ ‘half _bf the
left one is miss:.ng). - Tl’d.rtean_- antannal ‘divisions .I ‘_.._":._.}
numbered c;n Fig. 32,_ ba;.t' it 'aﬁpea'rs_ : as_'-'t_:'hduéh .so'me wh-J}.,
segments mway -act_ually' have _:._']_:'_rok:en' up - into oﬁe or  two -
sma]le:r: porl::.cns. E‘or exanple, . 'flage]lomeres. seveq and .eighi;

may acwale represent a single sagment, o segmeunts six,

‘seven and eight may _ correspond to one whala, as mair’ the
 portions nins and ten.  The scape and. pedi’cel' cah “oth be
djstmguished and thev arise ﬁ:h*ectly from tha anteri.or side -

_ _c:E “the head. . These and flagellomeres one - four are
-subrounded _-and appro:dmately L -long -as wide, © From

flage]lomara five onwards they arxe t‘:’:tstinctly mo:a elongated,'
nearly two to three times as long as tn:oad. . The rostrum -
s, either absent or very. sall  indead. The masus s .
. abaent The palpus mmprises four segments; the £irst’ thréa :

segments are. all of approximately - the aama_' slze {just
slightly longer than braad).  The hst. palpal- sagment, on

.' the other hand, is . appro:dmately two to ‘three t:.ma as J.ong'
as broad. . The labelluwm is distz.nct and -indicated on Fig'

32,

'THORAX. This is Isrge and rounded in comparison ¢o the

head. Some of the dorsal and ventral thora{cié segnents

are  distingnishable (Fig. 31) end - these include the
pronoctuim, pfés_c'uhlm; scutum ‘and  possibly the sautellum* the
katapiste:num; meron and the x_ight fore, midd_le_ _and hing .
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coxas '(cxt_, ex2, and cx3 respectively). Pigure 32,_ in

addi&idn,' ‘shows the grcsfernu_m, prapleur_dl_'t  and cervical

sclarltes. . '

- B6

‘Le_és:' portions of . 'Eiva legs ate uresarved, only .1:he" migdie -

left leg i= missing. r.:l.ght middle leg is the . most

. complete - {6.7mm), _The. legs ate slender and longer than':_ :
the abdomen, thorax. and  hedd combined. They are not
_s_wo:_llen, ooly marginslly thickened at the ‘bases of ) the

fanora,

. Wings: vanétion s mdist:i.nﬁt.'  Approximately nina

' longitudinal veins reach the w:.ng margin. 'Hﬁwévér,' as ths -
wings oveﬂap, ‘some of the vems may belong to ‘the (left)

'wing wh.ich Hes beneath tI':a z:l.ght one. 'The qnly vein
preserved in any detail is the costa, and possibly Scy

{Fig. M.  xF Scy is id_entifiad ‘correctly, it appesrs to be

complete,

ABDOMEN., This vcomprises - appfoximdﬁa]_.y ‘ten 'segmeuﬁs of .which

the fiz:st sfx are broad and the . last four - narrower,

terminating in a Munt end. The genitalia are indistinct.

Discussion ]
 Groes moz:phc:logy indicates this fessil belong's to the fanmily

-Tipu_:b.dae,- as are the number of wiug va:.ns reach:.ng‘ t.he__
wing margin  (approximately nine). If th.:s_ is correct, the

| relatively small size of its body and wings, the sbsence of

_the nasus and the large mumber of flagellomeses indicate
. that i belongs to the Limoniinae or Cylindrotominae and

not  the - Tipulinae. However, definitive dstailed .. wing



venation is not preser*tred. If t.he'-':si.i.bccsfal-: vein | (.'Scili is
. complete, this would he.ln ta va.'miad:e thzs identificatmn, but
the- somevhat longar- ter'm.nal palpal segma'ﬂ: -ccntradicts | it._
' -_.‘I'he .I.lil'l[Dl']i'Ll'lae and Cvlindroto.rﬂnae are the groups known to -

di..—.play tha former character, t:ne - Tipuhnae d_ispla.y ‘.:he
latter. T

- 3.2.10, SPECTMEN 10

This . specimen; BP/2/28228 (Plate 7A & B; gs 33 & 34} is

a' lateral 'compression on grey _mudsto_ne; its head  is

twisted at 180° in relation to the thorax anmd abdomen, "

‘and. hencs, the - dorgal gide  of ‘the head les apwards
wfzereaé thé dm‘sal ~slde 'af the body s .d'irécbed c’iaWr;waxds;
the specimen 5 rigtrl: s:.de is in viaw. “Overall preservation

however is faiz:ly poor‘

'Desr.:ription

The - fossil :ls of madecate length, . the * slander 'specimen -

‘measures . 5.0mi  and has wings at least 3.6mn long (the
basal ragicn is obscuxad). | |
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HEAD. - This is small and rounded, with two large compound

- eyes, .which 4o not meet at the dorsal midline (ie. __the .
dichcpﬁic . condition). __'Nn'_ ocelli are. djstihguishable;" An
- elongatéd, medium 1eng-th, Tostrum .(subequal to :iﬁhe reWE_
of head), ‘bearing an elongsted palpus at its tip, is

present. Ind_:l.vidual palpal segfuents_ are only preserved

‘faintly -,  segmehts one o - fouwr decrease in length -

_ semntially.' ‘The - palpus is equai_ dn length  to the - head '



‘including the rostrum. The presence of the labellum is

' indicated in Pig. 34, but ic is indistinct.

THORRY, This is '*eiativelv -"m.bl.fst' and rounded in cumpaﬁsoh o
© to - the head, Ind:.v:l.dual thoracic . segments are indist.mct,'

-exceapt fonr the cervical scle:cites.

Legs: . Three lags axe preserved (rlght .and 1eft fxont legs__'

 and  left back leg}. They  are 1ong and slender fthe
' 'jnéoﬁplate fmﬁﬁ 1egs rieasuzing 'app::oximately 6.7-7.1mm} and

somewhat- thickenad at the distal ends of the 'Eemcra._ 'No_ -
tibd.al spu::s are present and only ‘one tarsal ‘segment :ls'
'mlble at the end of the ‘right front tibla; this segment |
is a_:lsn long and s].enda:. _chae (cx1, Fig. 33) are fa.irly_
robust. 'Dense. “hairs 'cﬁver the legs, put .in parﬂct._ﬂar the
tibiae where the. hairs are at least as long as the width

‘of the tibiae, or up ko twice this 1ength. The femora are
also - covered with fine hairs, but to a lesser eﬁ;l:ént.._ Soﬁle
add;i:l:ional structui:éé _ {of' unknowit  identity} a.::é . pre_ses:#ea
near the frcmt legs {Fig. - 33). . ' - .
Nings'- om.y cne wing is praserved which. :ls tvdstad so as to
bbscura . iks ver-ation . Bight longitudinal “veins are

- diséingujshablé- however, but their_ ident:ity 45 mnot known. o
' Th_a ‘wing i long {as lony as the. thorax and one and a.
‘half Hmes the abdomen combined) . and appeers to be falrly - '

' narrow. A stryctuve, which I consider to be a’ halter, is

presani: ‘on the dorsal side of the ‘thorax (le. lower siﬂe. '
" Fig. 333,; The stalk is Long. and is attached to' the narrow

'end of a pear—shaped knokb. Togath&t_:, the stalk and knoh

-measure 0.7mm,
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- ABPOMEN. = 'The abdomer is 1'o'ng '{S.m*ﬂ" NG parrow {-o Sm} ;"

and ends -blﬁn’tly. The number of eeqqent:s is unclear &S

a:!.vasions are mot disﬁnct, ‘there ame apiroximstely nine” or

en. Mo further detaﬂs are av'azlable

Discussion _
- General morphology . (long - slim  hody w:l.th slender legs. and

wings and the _head with an elongated rosi:rmu] marks the .
epe'cjmeh as a member ef the Tipulidae. = The aba’ence _ af
details of wing. venation prevents further investigation. Tna "
gnall to moderai:a size of the epec:.men, and partmularly the -

wing {<10mmY wcmld, today, d:tet:l.ngu:.sh_ it as belonging to
tﬁe c;&md:notcmnae' cr I,imoniinae. 'I'he Mpulinae ueua]ly
have wings over 10mm. long._ Huwever, no tipulids as large
as this . have thus far been found. in the Oraﬁa depesits

- Bize Qifferences in the family mey have existed between the

. Meeozoic and the preee-n:.

The relatively lcmg rogtrum reminde me of the ex'hant genus

Limopia.  Iis presence :Ln the Creteceous comld ‘he . quii:e
poasible Firstly, . th:s_ genus hae the largest -number of
epeaiee_' of all the . Ti.pu'iidae -taleXander,. 1964) . -
‘approximately 2 000 of the 12 000 species (o 16.6%)
belong - to_.' -the_ genus . Limonia _{iheowalﬂ,' 18773 . Hutsem,
_ 1980a). __Sedondly, in &n interesting study on  favnas of
fbrée 'groupe of ieiande (Madeira, 'Caearies' and hzm:'eeh

- Theowald (1977) nnted i:hat the closer !:he :lsland was to
the ma:tnland, i:he more species of Lim p_ig Wer:e preeent, and -
- the prapor_tmn of theme epecics relative to othavs ircveased



drématica:lly wifh distance - From the "mainlana. Further, - he -
divided the extant ﬁpul'ldae into three groups on the bas:is_

of _a.ge-{a..e. young, r:u.a&r ancx the mﬁest),- a:nd found that

“the third  greng had hy_ faér the greatest progorton of

Ligonia species in it  (86%). From these data, he

concludef" that Iamonia is the oldest genus of - tha zanﬂly
Altl.ough I ha.ve now found that Heling ‘i among the oldest

' '_geneu:-a, they are bhoth membm:s of the Lmonimae, and the
- aubfamﬂy as a whole was therafore among the eaﬂiesn: to

have evulved._ ‘This would also  explain why -&s ;..any as
thrae ‘othar Orapa ﬂpli_]ids' "{specimena 2, 3. anﬁ' 6} In
addition to this one, Tesemble members of the genus Limonda.

~3.2.11. SPECIMEN 11 L _
The . fossil, BP/2/28229 {(Plate 7C; Pigs 35, 36a & b) i a
compression on red mudstone. The specimen is fairly well-

p_reserved'; i is _'Img' and slender measuring 5.2mm- in lemgth

(not including the aptennae). Head, fthorax and abdomen
are distinguishable, including some af .thelr appendages such

s portlons of ail six legs, both fore wings (although -

venation is sbsent in parts), and both antennae. -

Description

HEAD, . Thig is small and rounded, approximately a third of
the length of the thorax 1(0.5mm - without antennae)(the

antenna.é " measure --ariothér 0.5mm),  tut ‘fine detasls are not

clear, . The compound eyes ara only faintly preserved;. they -
are wic‘iely sepaxated diaplaying ‘the hroad poste::tor va:tex.'

."I'he rostrum is sma:ll and incnnspicuaus, and no p_alps_.t can
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be identified. The antemnae are of moderate length ' (this -

'ohsérvation' Cis based on - 'thE_% . liE:Et one Siﬂ_def most of tlm

.-nght antenna is missing); it is 'apﬁroﬁmately' one and @

half times the ~lemgth - of 'the " head. The number of-

_ flagelloma:aﬁ is unclear.

THORAX. Re‘l.ati.vely slen&er: and exon " “ed, poasibly somewhat

distorted. Indiv:.dual segnents are not dJstinguishabla.

Legs: the legs -are lnng- ‘and slender, ‘most  of them._
incomplete with the axceutiun of the 1e:El‘. h:m.d 1eg, thia 1eg_
is 8. me long. The coxag are we]l-daveloped (see ::Lght. ’
hing lBg]. “The slenaar tibiae ‘are -probably without tibial

_ spurs . Four elongated tarsal segments  are pn:esent with an
- empodium; the tarsal claws are not. djstmg'uishable

Wir_lgs..(ﬁgs 36 a & b Tha m.ngs are of moderata 1ength

and - alongated, tha right and Ueft measur.lng 3.4mm x _1-.3rnm

and 3. Bmm % T.mm respect:.va’l.y. They Care transp_arent

. throughout, without a trace - of pigmentat:.on. Venations

ap.};n:mdmately ten veing appear to reach the wing ‘margin
{Scy, Ryyzr Rar Rgr Rgy My,p M3 Cuhy, Ay and Aj). The
ccétal vein. o), extents . uwp to RS’ 8¢y is complate,-_. _

rea"hing wing margin just beyond the half way ‘mark of tha '

" wing length, near . the cora;_ _Sc1 is short and doas. - not

'exceed the fork of Rs. 8ep is not distingnishable.. R“_z-

is sl::aight, ctrving only sliqhtly towards the anterior edge

" of the mng it 11;5 distal end;. m ss parallel with 8cq  far
the entire length of sc1. Rs - divic‘ies into three hbranches, -

' i..e., R4 and R5' are aepa:ate, R4 is captured by Ra,3 to
:fnrm a. d:lst':l.ncl: e.le:nant R2+3+4, 21 curve: ‘gently, in a
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: Pqﬂferior d:ire.étion, ' ana'l._'  mest “ the ' ng margm Cdn {:his

_ manner, .- '-'.T.'h_e_ é:i.s_ta;l twa - thirds .'cf Ry s parallel w:.th 115. _
.‘I'..‘.'L'esa . 1ongitua_z13‘ ' ;'ei".'-". : 311 -.aiz:-. loug as t;.é
d:stincuve cord—reg:r.on L#s only Sust beyond the middle of

-the wing,. the bagsl - cel‘ts .are thus lorg, 1onge.r than han
the wing . length. o possibly has two o three branches,
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‘Mg 40 may in fact '_bra;;nch'_ into. 1@1 a.nd My at its _extramity', o

.and, the vem lymg posterior to  this may either hé Mg or
:CuAT (see . Fig. 36b‘ : 'I'ha presence or absence of cell dm

ig unce;:tajn Crossysin m-en les distal tc: m-m (Fa.g. 3Gb!..

It dues not - appear as. though Cud  is constrictea at its
' hranching point. _'l'wo anal vedns are present, Aj and Ag.

%o halteres are preserved‘ .

ABDOMEN. = The abdomen Is long  &nd alender with nine _
 segments. The third and fourth, are the hroadest, with “the

5ucceédinq__ ones . narrowing progressively to a blunt end.

The términal segment (ninth) s the genital ‘segment whose
_features :Lndica.te cleaxly that this specimen is a male [Fig.
" 35). ‘l‘ha siz‘uctl:res are tentatively identified as follows;
iai'ga. :.nna_r and outer gox_‘.l.ostyli (of equal length and -size_)

. and "a smaller gonocoxite - at  their '-h'aée. _A' " posaible
paramae and the positiom of the aadeg‘us is also’ indicated N

in the figure,

'Dj'scussion_ _ _ _ o
 The fo.'IJ.owing ﬂiagnostic charachers mdicate that this

'-'diptaran is - a membar: of the family 'I'ipu]idae.' tha 1ong,'

slender body with long, narrow lags -and wingss. wings with




two anal weins and with' more than nine veins reaching the

‘wing marging has'al'eens'. at least half the iengfﬁ- of the =

- ﬂ&v.'in{;g1I aﬂa; the presanca of  the dzsi::mctiva region near the

p:.cal thir:d of thf—'- wing, tha cm:d.

The - apecimen‘s._. ide-._ntﬂ‘.y' can  be r_iarfoﬁed. '-dowh to the

_ subfamily Limoniinae by a process of elimination of other
' groups, _rﬁther _than’ the-' presence of - characbers’ _'ty_pic_al' of
"c':h_;a Ligoniinae: small inconspit.uous rostrum, nasus -absent

{therefore ' not ‘I'ipul:.nae], 8y completa. {therefore not

Tipulinae); CuA not constricted at hranching point (therefore
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not - Tipulinae); tip of Ry, presept,'fh not  appearing to.

converge with Ry (therefore not Cylindrotominae).

To identify the specimen to the level of tdbe proved
impossible. The only cectainty is that it does not belong
te the .tribe. Pediedini as- Sey s short and does not exceed

- the fork of Bs.

The ‘non préaervatidn'._ of Scp renders Ffurther identification

impossible. If Sc, is actuslly lacking, the tribe Limoniimas -
may be eli.minated. Supporting this | e]ima....ation" would ba the

fact that R8s - hag . three branches w:i:l:h Ry - and R5 .saparate

and Ry amerg_:_l.ng from Ry,3,.45 this would place i in' the

Hexatomini or Briopterini.  Briopterini hes no tibial spurs
‘as s the' case in the foseil. e misa:lng characters 2y

_:indicats' non»—};u.‘esa'vation they cannot " be - considered

diagnoat:l.c, and must ha reqarﬂed with cauti.on,



~ CHASTER FOUR

pis cfagaenais sp. nmr.
4.1, INTRODUCTION

- This is . i:he' Flest description of a fossil Dance £ly, from
 Africa. . Indeed,’ th:is spaciman, ot _' thé superfanily
Emp:.dmdea, is the Ffirst fosml memba: of the Emp:.d:.dae from
' the So’uthern Hem:l.sphem, ik ds aJso ‘the oldest member of
" the - suhfam:u.y Enpidinae and fam:lly Empld:.dae. The fossil
has a mc:re plea:l.omarph;l.c mng Venational pattesrn thau the
extant spec:l.es of _gh_ggg_ I regard it as mﬁ.qua a.nd I have

therefore chosen to erect . a new spacies, Emgia qrapa a:u51s.'
I provide a full diagnosis and a summary of the. apthic_

and  plesiomorphic charac_tériati_:s." The - specimen . modifiss
earlier ideas on the phylogeny of the Empidoidea, and

provic‘ies us '_ with more = conclusive evidence on the

environment of Cfcat&cédus southem ‘Africa. I believe E.

-oranaensxs had a similar ]:lfa-style to extant memhers of tha

grcup ami, therefore, visited and po]J:[nated flowexs.

T have chosen to follow the new system of clasaﬂcaﬁ.on af
Chvala {1983) which I ragard as tha most accurate.

4.2. SYSTEMATIC DESCRIPTION AND DIAGNOSIS

. Super:famﬂy Erup:.daidea

.. Family: Empididae

o Subfamilys _Empidina_le -
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hbe._Empid:m:}.
Ganus. E:n',n_s I.:mnaeus '
Suhgenus E'.§ sensu str:.cto Iannaeus

apECleS“ Empis ¢ 51._-5 m:ap aensis sp‘ nov. P

The specmen .15 praserved on. the bedd:lng suzface of a
'hlock of grey mudstone as a compressl.on. ____g_l.g agaa s,

BP/2/26953 G, is il'l.ustrated in Platze aa—s', Fa.gs 37 & 38,

and appendix 2.

Derivation of specific gpit het’
Latin form of Orapa.

Diagnosis _ _

:Sl:out thorax; tapering a‘bdonjnen, uptu::ned at  eighth 5egman1:,
. legs. slender - with 'ﬁell—dé\_r_élpped chaetotux.y, wings with
large, distinct, ractangula::: axﬂiarg lohes; acute axillary
excision; subcosta ends in Gosta; C extends to Rgi R with
four branches; Rs short; with “né::.-:ow“ or "closed” fork,
‘and with thrae hranches reaching’ wing margin; ce:{.'ls br ‘and
. bm mcdera.tel_y_ longy cell dm - present; M thraa-—bra.nche_d., all
bran;".hes éomplaté; CuA2 s&ongly 'reéurrent;- 1 distinct; “Ag
.. present Bui': reduced; four m:css-veins present. R = S m—-ni
'ahd 'm—-éu} a sécondary cmsa-—vein .r-'-m' {?aberrant vein)
| _ present- cel'ls br and hm lorg; ecu short, si\prter than bm.-



Descrigtion

| The dipteran is well-preserved with. both wings, abdomer and

~ thorax present Poruons ‘of three of . its 'l_egs “yemain, };.ut'

the Other'-'., _ﬂna' 'the head, " are -.iiﬁsi.ﬁg.' Bath hai‘-:_eres'
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. (Plate 8B; Fig. 37) are clea:.ly presa:ved. The thorax and '

abdomen combined are 3.9mm long. . The - w:i.ngs' {Plate BA;.'
Figs 37 &.38), of which the basal parts are miésinq, are .

large and measure  3.3mm and 3.9mm - for the left a.nd ngh"

o w:.ng respecuvﬂy.

The body is relstively short (2.67zm) and broad (0.78mm
proximally - 0.3%mm distally) (Plate B8A; < Fig. 37). The

abdomen comsists of eight pregenital and approxinstely two
genital segments; these individual _segménts are - .’:’J_.éarly_'

preserved as vertdeal bands. . Each segment * bears numerous

long hairs which may be more than half tha -width of . these

‘segments (Plate BF)., Hairs on the tergites are somewhat

shorter than these on the stecnites; also, hairs on the

- genikal - segménﬁs . are - .shorter than. the . hairs on the
‘pregenital segments, and hairs  at the centre of the
. scletites are shorter than thnae st the edges. S

"The gem_tal segments (Plate 8c; 'Fig._ i at -the' poaterﬁ.or.
end are vis:.ble, bat - ind:stinct. In the Hivjng specimen ‘the '

geni:talia seem to ltave .been t:l.'l.ted upwards and have
congequently - bean comprassed sideways auri.ng' fossﬂisa‘l:ion

. (Plﬁte- am. . This t.ﬂt. is also obsa:vable in the cn:ient?i.ion '
of the scleﬁ.tes of t‘he. abdominal segments. - The a.bdomen_
.turns upw'ards at che eighth segment, as. the eighth tergite




is réc‘hicéc__?. to & . short 'narmw' band 'dorsau.y, and ventrally
the sternlte - 48 . 'mucl_i-_ ' Ionger. _ 'I'he atructure '_ and

"ﬁﬁaifiéaﬁoﬁu. of the hind - sagments mdicate that this

specinen is & male. Individual si:l;uctm:es of the hypppygmm_

{Plate . 8C) are not dis_ft‘il_:lguishablé, éxi:ép_ﬁ-.ng for the paired

rounded bulbous structures at the tip- of . ‘the abdomen. -
These possibly e | 'gént '.t__l.ae ‘gercl  and/or _sutsﬁyfli. ~ There is.
a long spine (of sinilar l'_.;ma_ﬁsmﬁs- to abdominal haics)
emerging fr:om the middle of one of the 'a}‘:avé-ment:l.onéc‘{-.
.-:st:uctures. '”'It iS' pos‘sihly a stray ha.'h: that broka off--

from - another part of tha body hefc»:a fossi]jsatmu, or, .’d:
may be the zede.agus .which often parotcudes beyond the

- gendtal  lamellae in 'Empid:f.nae. 'I'he ahd_omen tapers to a

Blust, rounded and broad end.

The abdominal 5egments' ‘are all similar in shape: sJightly
- wider than long, each tergite ‘a little shorter than the

‘preceding cmé, as the abdonan narrowe da.sl:ally "L'he f:lrst'
abdominal segment (0.0'Imm) however, is much shorl:er than _

the - othe:c pr:egen:l.tal sagments, being une-f:lfl:h of the lenqth

f:fthe second segment., Segment 2 is the longest (0.33mm). .
The - first segment in . commonly '-_firmly fused to the
matathorax, in tue fossil the:r:e is ‘a clean break between -

theml

- Apart fﬂum a few short -stout. “hairs near the point of

‘origin . of the w:l.ng, the thorax is v;{:hJa.'Ily _ hajrless.

'zndiviaual thoracm sclerltes ars - not aistinguishama. ust

above the tharax, on the n.ght hand aide, a structure is

T



- preserved which, unfortunately, is mot identifiable.

Parts of three legs are  preserved é'amte'an & B Pg. 37
_':.wo of them are nearly entirely obscurad benaath the wings.

-The. legs are long (appromataly 3.2_5m_:' pc:ox:.ﬂ:a.n. parl:s ara
'obscured} and. slende:r:. “The tibia "af 1:!1&= ‘exposed leg on

the left hand side of the thorax (Plate 8D), bears many
moderate_‘l.y long {as long as = the t:.bu.a “is  wide) skout -

bristles. At the Gistal end of the. ::Lght wing, the, three

1ast basa.’mm of one leg are vm:.ble They are all .very_
csmall (0. D?mm in -length) ‘and slendar. - faint impﬁnt of a-

_femm. les belnw this same w:.ng a.nd it s tvﬂ.ce to th:r:es

. _tmes as broad as the other leg segments. .

The two . wings are almost completely presarved, both having
-clear, identifiabie venation and p:_l_.gmentatioﬁ' {Plate B8A; Figs
7 & . 38-}_. . The wing. membrane is entjxely' coveﬂ:éﬁ- with,

‘microtichia, and the veins are bare except far the 'coesﬁal_.
vein, which hes Qistinct bristles (Plate 8E), The costal -
vein () ends at the . .ip of the third 1ong:i:|:udinal vein {at-
_st.__ The au:d]lary vein (Sc} ends in the costa {cmnp.l.ete)'

but - is very weakly developead distally, The  Hrst

- hngitudmal vein {31) ends in the costa betwean Sc and

R2+3 ek o a.n" appro:dmata rati.o of 1:2. The third

long:l.tud:.nal vejn (R4,5) is forkeﬂ. The - fourth longitudinal

vein (Mg}  is simpla, The Sl.xﬂl lnngitudinal vein (&4}

. posgibly reaches the hind ‘margin of the wing, but its distal
end is indiskinct, The aiscal cell (dm) has - three . vains

jssuing from fs end mi, Wpr My). AL thres join the wing

Te




margin a.nﬁ are smple The dm ca]l is rather blunt and is

__'shorter than. the : m:l.ddle ve.m msumg from s end ' The_

i

anat cell (oup) is short, the- vem:'“r it -(clmz}, is

strongly mc.t*-ent, and the Znal lobe is. large. An u:iusua;__
feature of the venation is the extra, ?aberrant, Grossvain
‘running between the fourth longitudinel vein (d;} and the
third (Ry,s) on both wings. This vein (2nd o) s
located just prior to the fork of M; and My and is as far
veyond the crossvein r-m as cell br is long. The wings-
ere transpamnt with a - narrow and &ark pterost:.gma {pt)'

wh::.c:h extends hetween Sc and R2+3.

The body has been rctated s'light:ly over to ‘tha r:!.ght
partj.a]ly cov'mng the ‘right haltere, hut clearly - -exposing
the left one (Plate 8A & B; Fig. 37), Halterss are

moderately long (the knob is' 0.20mw long, the stalk 0.33mm).
.The knob  is oval, its anterior surface is coyered with .very.-'

. fine ghort hairs, but the postericr side a'ppe'ars hairless,

The stem is hroad at. the base and narrow wheece 1t joins

ozﬂ:o the knob, . Both halteres have broker ‘away. from the.ir
points of artachment. '

4,3. DISCUSSION

_Mc:'g ologx: _

A typical feature of many Jiving ‘members nf l:ha fam:lly
_Empadidaa, ar_ui of _ t_his fossil, is th_at the terminalia are
'd_irect:ed_.more or Iess -.ve:tically upwards {Plate 8A; Fig. '3'7}.'
The specimen also displays typ:.cal reduced Brachycerous wing



venation as is known in - the  Eamily Empidid.ae,. Subfamjly

 Empidinae  (Le, 'the_ costa is not continued around . the wing

margin; : t:he di::r'a}. _ce.ll, dm, is present and has three

'hr'anc:h&;, 1:_ha anal ce_'l. is prese;;t, w::th the. a::i]larv lcbe-
: e]l—de‘fEIoped; the_ lower brauch o’c' the fifth VF.-in, wh:l.ch .

closas the anal t:e.].'l.lr iy .:t‘.rcngly recurrent} {Fz.g 38). A

_mﬂcal character . separating the i:wo tribes din . Smith's-

ag

(1969) key is the presence (Bmpidini) ar absence (Hilarinl)

of m’etapleural' -ha:i:n:s' This character is unfortunately

' obscured in ‘this fossﬂ. ‘According  to Smith's key and

(1ater) personal commum.cai:icn, however, the. fossﬁ. specimen

i3 assignable to the genus _pgg, smca the third
longitudifal vein is forked (Ry and R5J, and  to the
subgenus  Empis empis s.s. since .all Iranches of vein M-

issuing from cell dm are complete and. reach -the wing

margin  (Fig. 38). = The well-developed chaetotaxy of the

leqé' {Blate 6D} i= an additional dsst::ngujshﬁg f'eature_ of

the subfamily. Oi:se“vat’ions ocE the gross morphology, and
proptn-tmna of the hody and its - various appendages ate

' ccns:stent with this identification,

e ey e w——

The _wing’s: of - Empis orapaeusis .(Fig'. 38) c}:lsplay both
p]_eaj,omorphic ) and apomc:phic characteristics. ""I'lxe wings
'_have large, distinct ractangular { ple&inmorphic) 'a:d.’llary.
 lobes; this s a feature shared with the primitive fom

‘Brotempis antennata as weJl as with a'number: of e.xtant

fm:ma_. B _antf.mnam - was prohahly an ancestor of the -

' superfamily Empidoidea (Chvla, 1983). ' A well developed



-

* axillary lobe undodbtedly festuxes i the yroundplan of this

B superfamily - {Chvila, 1983), . and is 'grént_ in | the

o;écgetoninaé_._anﬂ st E_mp.tamé.e_, in 'the Atelestidae, and in
the ' primitive Hyba‘::i.dae.._ _Izi -~ these | forms  the .a:&].lary
excision ':ls .vecy ac:.ﬁ':e or a.‘mmst . n.ght angleﬁ.. Thea
* abserice, or only  vesy stight devalopment ©of this lobe is an
apomorphzc condit:r.on '

Another pleslmorphic charactar is that the -subcosta ertds in

the costa. Chydia (1933} studied a great mumber of extant
Emp:r.dinae, _ and in a1l of them the subcosiz ends hefore the '

costa, settmg the. Ornpa spec:unan apa:t as an older, ‘wora

primitive empid, _and alsoas a nev species.. The _ra.dial
ein {.Rj ‘nes  four branches, Rs has  three a8 R4+5 is
forked. In many . :Iiﬁ:uig' Empis 'sﬁecies the more "open".
radial fork ch Ry and R5 is “an apomarphot.s state (-"hva_la,

: 1983),[ ‘hut the Crapa spec:umen does not hava ‘such a w:.de_

'.fc_n:-k.' Other pr:.mitiva features are: Rs is shork, and the
‘medial vein M is three-kvanched; cells br and bm are rather
.loug; - Bq - and  possibly A are. present, although the latter

appears . considerably reduced, : not. including ‘the extra -
crossvein smentioned in . the desc:ription . there are . :Ecmr _

- crcssvems: h, 'r_'-r'n,' M~y M=,

’ The'. foJiowing : apomcrphies ‘are p&:.'esen*:i _fhe shert - anal _cei!l,-'-_.

cup (it 'is shorter thau call bm); wvein’ CuA2 ig 'recu::rent
' and meets the anal’ vein at an angle of less than 90° i

the - costa does_ not extend - around- the whola winc I‘ﬂ.ﬂ;
extends only to 25. Can apomorn,’:ic featu::e-, ) npt: ral_ai" i




the wing, Ss the presence of thHe. reducad aigﬁth -ahdcminal-' _

. sternjj:a {where the a.Ddcmen is upturqed]. '

The Empididae- is. a very largé_ Tamily of Dipters,. caﬁpziéing‘

 six subfamilies (Chvéla, 1283): Orcogetoninae, Empidinae,

| Hemerodromlinas, = -~ Ceratomerinas,  Erachystomatinae - - and
) c:linnc_:e_rinae, totalling appfo:d.merl:aly 2 DGO_. 'sﬁgpies . wdrid- -
wide.__ However, 'only appro:d.mataly 250 spé'cicé"' ars knmm -

from the Afrc:troplca*_ Regim.' of the wcrld 'f.au.na, the
Bmpidinaa is the most. spec.ies-—rich with ahoui: i 450 '5pe'cie__s

in 21 geners vhick are separated_ into  two tf:lbes, the .
Empidini “and- Hilazini (Chvﬂa 1981 ;. In -'the. Afrotropical |
- Region the two tribes comprise 111 specj.es (3 in - South
Afric:a) div:.ded betwaen six genea:a. Tﬁe Empz.dm are

repreeented ma.mly by the <two largs genera Empis - and

._ ;R_han@hqmy;g, which, w:t_h the e:éé_ep!ﬁipu of the Auvstrallan.
region, have a world-wide d:st:ibution {Chvéla, 1889 . " a.nd
) they are particularlf common in  the nc';laxctié region. "z.n_ .
South Africa, the su.bfamihes Empidmae and Hemerodrondipae :

are tiost common (Smith, 1969 & 1980}, Bupis (Pupidini),

'particularly the  subgenus Cortophlebia,” amd Hi.laramg:t_g'

(Hjlami} are the mc:st comlncn genera of Emp:r.rjmae in Soui.h

Africa today.

: ‘I‘he members of the fa.mily Em’gﬁ.d:.dae are commo:ﬂ.y found in

'_ 'maist places among undargrcwl:h and in shady wnods, bush,

gxassland and moist vegetat::l.on neu.r wate;c. ' Th.ey have also. '

been obse:ved_ on _ﬂowers, _ i:rae trunks and e\ren on the

gz
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_ surface of waker (Smith, 1969}, The nenus Empis s.§. i

Ts3

{found . in- South Bfric& today, in those Thabltats (Smith,

1869).

Members of  the supérfa.milv Empidoides a:r:e of modérﬁt‘e‘_ to |

_' minute aize measuzing 1.::—12mm {Steyskal & Knutson, 1981};-

B Thay nave zstout thoa:.‘aces and tape:::m_g abdomens, They

are recognisad mainly by thelr bx'aahycerdua ‘type of _uim_';_*_"
_ve:iation and their genaral predatury apﬁearance ' '{Coileés'_ &
Medlpine, 1970). The legs - are slender, but in some

gpecles, for- exampie . Empis sp. the frcnt basitarsus of the L

" m.ale. ig swollan._ {Unfortunately this sagmnnt lies obscuracl o

below the wing in the Orapa sper.x_._men). This cond:l.t:.on has

béen -assoclated with the production of _35.11-:_ for enmeshing' g
mrey for use in cnﬁxi‘.Ship tEltrinl?harh, '19_28),'but this vie_w'
fs mot held -universally (Kesssl, 1955 & 1959). - Swollen
.basﬁ:arsi are not visible in the G:apa specimen. In most - |

ganera ‘the prokosels is elongate to some asxtent and is
‘adapted ﬁor pﬂ.ercing. © Tha ay&é are large. - In some

. members of ‘the famuy both ‘male and female aré- holoptic, '

although usually thig - conditl.on is regtricted. to the male.

-Lerge eyes, oft_a_n- with .enlarged uppej_f ommatidiar are

essociated with swarming and aerial matihg . (Chvdla, 1976).

In the ﬁirtual‘l.y 3 non-ﬂyiné " species  {e.g. Rhamghomgia

nrsinalla) such a.n adaptation iz not foumi as it  is non—

'_essént:ial (Dcmnes, 19701._ . Perminalls of - the “jpale are large, -
sometimes tumed upwards or forwards over previous abdeminal

' .'gagmants;_ | The tip of the female .abdomen is Slattened with
an inconspicuaua, namarl.y mthdrawn aviposﬂ:m:. '



Mozt 'a_d.uits ) _a..-.fé predéminan!:ly' 1-pr'edaginu.s - on . smaljer
acthropods (Colless & .Mcmpine',. 1970}, usuaily on other

Dipters (Bercaclough & Tondt, 1985) . Kessel (1955) . even
mentioned - ' their canm.ba]imc tendéﬁcias associated wﬁ.th
'mati'ng._ Downea (H?O),.. however,- sta.ted that '.-no sur.;.h
chservations - have ever been recorded. Prey items are ‘not

.gefner_a.uy- spec:l:EJ.r.: and. a vari;ety aof prey may be takem

Pray ‘are  usually swam:.ng_ ar emerg:mg ind:.y.uigala but dead-
_ones are also. of interest (Downes & Smith, 1969). [Living

. Empididae ‘are not exciusi.vely- predaciou'a, since many visit
flcwérs, and both sexes of varlcus specias a::e known to
fead' ‘on ‘nectar (Laurence, - 1355; Downes & Smith, 19693

-'Downes, 19-70;-Steyska1 & Knutsor, 1981)..

© The immature stages appear to be pred'aciau.s. . Smith {_1969)_'

listed reasons for this. aﬁatimption_.' Larvas, including those
of Empis ({Steysksl & Xnutsom, . 198'1) - live in terrestrial

habitats such as sofl, lesf-litter, rotting wood oz dung, -
A few spacies Hve in intermediata situa.tions {for example,.
surfaces covered by a thin film of flowing wa.te:), and some

are aquatic. )

Cc:urtshig. ] . )
".SOme genera of the Empididae have avolved an elahurate

cmxrtshmp display in wh:.ch tha prey :ls nsed _as an eﬁsential

stimulus in initiating courl:ship (Smith, 1380). Some species .

- farm daneing swa.rns. for example Em gi_s. over dry land and

Hilara aver: water, hence thek common na.me. Danca F‘ 3|\

-84

Such awams are wsua]ly connacted with mating behavmur N

(smh, wam.



_In. the Empidid_'a'é_ - swmﬁiﬁg -_'has. -undoubtedly reached _'.-'t!ile-“
‘highest degree of development . {Chvla, 1976), whéx;é"' 's'k_arms-

consist largely of males (Fic'. 40, In 'some;:' .species of

" Empls the - mai. . captures aii trem of p:‘ay and -'offa_rs' it
'-__-uneaf.en  te  the female - : the moment of coupl‘l.ng.'-

Further, the female has :not ‘heen ohsurvad huntiug and her

only source of anima,l protiin is that aiven to hen:- by the
male during rﬂpeated matings {to - complete. one " avarian

' cycié_), ' demonstrating sexual dJ.fferentietmn dn hunting and
feeding habits.  This type of sexual differentiation :15

_-_reétrictad to - t_he. '_Emgg-mara;ghamghomgia {Empidinae) group '
" {Downes . &'_ Smith, 1"9'69}. . The . prey, -as a stmolus fo_r'

' copulation, ‘probably .tr.‘anser':,ds - dts significance ‘as  food.
. Examples of this are . d-emonstrated' by s'qme' species of Hilars
and Fupis where prey transfer has been ritualised and the

chiect transterrad i no Jonger insect prey 'énéloaed, ‘as in -

'some spec:.es, :l.n a hght:-xeflecting siiken - ‘J:L' frothy coccoon,.
but in a conspicuous bal‘l.oon—-]ike wrapping, empty or wikh
at _best an ined:.h_le_ fragment -inside (Downes & Smith, : 1969).

Kessel (1955 & 1959) wrote detailed accounts of types and .

'axam'pleé. '.'of ritualised . mat'ing' sequences in- empid .species

which = clearly demonstrated prey/balloon-type cr haeight ~ of
swarme is . species-gpecific and .res_porise' of a .conspecific

mate (fei_n’a_l’e) is . dependent on acceptance of fhe visual

stimulos i€ the process: of. mating .:is; to .continue. The type
of. .flight,. Igenaral' swarming stir}.e, choice of & swamn marker .
) and pray!display object type, daily: -'and- seasonal swarming

Limes  are also Bpec:ﬂc for each spec:ies {Chv&la 1976) -and

_vjsual reccgnitian of tl'*ese fachom is important for: speoific

mati.ng.
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 Distribution

The Family Empid_da is best rep*euented i.n thke northern

temperate and montane reg:l.ons but is allso WeJl regesented
- -iin' the - Afrotr_apical_ Region, pa:ticu]_.arly southarn Aﬁ:.na
(Smith, 1980} {Fig. 41). | | |

Tha members of t:he Empidina.e - from Orapa conf:lrm previaus.

f:l.nds {b{cKay & Rayner, -1386; Rayner, 1987; McKay, 1-987 &

1990), that c.93 Mya tha Orcapa region represented a ‘wooded

cr  well _vegetated area with abundant - watexr. Rehdendorf
(1974) indirectly supported this view by noting that the
"Empididae™ - are abundantly ~representad in Baltic Amber,

which is c‘iafinitely coninected ws.t:h the charactm::stic ecoloqy.

'-of this family- an mhabitant of forests and - moist . habitats.

Extant memhers c:aE the Enpididae in southern Afr:ica are

mainly found in. coastal ragions of the Cags. Prov:mce, or in
' regions w:.th 2 slmilar climate (Fig. 41). It~ seems_ E.l-ceiy
that Orapa had a simllar clinate in the middle - Cretaceous.

'Seme genera have' however, on vccasiors had representatives -

'wn.th a distnhutma reaching as far up as Zmbabwe, Sm:l.th

(1869), for axample, _shom_ac‘l that _Ep_.jg Sa has been
 foupd in the S.W. Capa, E. Cape, Leaot_ho, Natal, Zimbabwe

and - north  of southern africa), but their - absence in the .

drier open regions, including the Iimpopo coastal region is
significant. . ' o o )
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_Foasi‘[. Emgidx.d : _
-The earhest known fossil Emp:.d:.daa are from the Mesozoic' _
' _ paxztod Fer ex_..-.mpl_e, fosail re_mai_m _m‘i the subfamly ..

| Tachyfromiinae;  Azchi alpus  (Rovalew, - 1974) and .
c:etogg ypalpus archaeus’ {Kovalev, 1978} . of the . late

‘Cretaceous daposits of ‘I'aymyr {Northern . Siberia} have been.' '

' 'recovered. From " the o subfamly : Microphoxinaa : care .

Cretomicrophorusg rﬁhde_ndorfi and Archichrysotus henmigi and .
_ _g.-i minor {Negrobov," 19735.-_' Negrobov  (1978)  mentions
Jurassic representatlves of the _Karatali discoverad - hy-
Ussatchov in 1968‘ The larqest number of  Empididas
hQWever are from Tert:.ary Baltic Amber (Melandar, 1_928)-, and
. other = ambenr:s- and copals (Spahr, 18285). & few are from
3 Teﬁtiaxy {:_10&- helie_ve'd' to perhaps be | Cz:t-_at__éceous) Bﬁ.rmi:te
(Cockerell, 1917, in Spaby, 1985). | |

‘Evolution of h____g_,_ reading and go hi}g habits _

'I'ha most  primitive foa:m of feeding :I.s the entirely. pradatcn:'y.
;:at;ure of some ampids,' anﬂ, nacta_r fesders appearad on]_.g
'se.-cond_a_ril.y {Chvala, 1976). I suggest that, é,t scmé time
‘during  the: phyloqeny ocE the m-iﬁlara—nhamgho'uﬁg*__"
.complex,' predétnry_ I:_:ehav_riour was . madifisd and Iincorporated
inko courtship and mating‘ - This would have. 'ﬁaﬁpened_ -eafly,

in a. 'uc:mmon ancestor to these -'three 'geﬁera. 'The 'findiﬁgs__ N

of a fu]ly differentisted  Hmpis mewker in the r:anomaman'
'sedimants of orapa imples that the.se changee must have'

. arisen 1ong hefore ‘this permd, perh.a.ps pra-crataceous.



The girolutiéﬁ “of courtship béhaviour of the Empididae  was

giscussed by  Kessw. {1355) and Chvdla ({1576). = Kessel

-bel.aved ;Ln an evolut:l.onary sequanca of ccurtship patterns,.'

'based oo pz:BY {presence  or absanr._‘.g_- qﬂ, and,_ presana.,'-

presentation of pref, 'which. he catégcmjsad :I.nto . eight:

staqes. Fcr exanple, ranging from the; smplest: category'-

" where no prey is invclved, to more comple:_c where 2 item

o°  prey is jncluded to more advanced vd.th 'pt.;ey 'wraj;:ged ini

'a ‘silken balloon, to the final stage, a cocoon contain;ng"'

no prey at all.. This. is a simplistic model, basad o
more than a beh.e:t in increasing complexﬂ:.y through-

fossil’ record. '_I gee 1o rea_son why Cretaceous. - .. -

showld 'be less - complex than _ extant ones. Indeed, m

presence. of this “wdddle Cretacanus empld suggests .t

. "advanced" state faidly early on in  the histary of the

. Empldigae.

Chvila (1976) beleved that - primitive courtship behaviour of
the Bmpidiaae was to both meet and mate in the atr. The
der:iveﬁ cou::tah:l.p :.nvclves meeting' in the airx hui: mat:'.ng on
_t&e qrnund. Ma_h._ng on the ground :mvalves d:iract contact
ar pharomonal' recbgnifiﬁn. I suggeat that - the common
ancestor of these hunting empids recognised each - other “in

the air by the '-means of _mual signa]s at:har than silk

‘balloons or a protein “gift’. At that stage hoth sexea
wa:e' predatory - anﬁ capulaticn took placa in  the 'a:lr

-unancumbexed by . a prey itam. The courtsbip display at_

T as

that time must not’ only hava involved recngnition, but safe: .

recngnition - _i.e. te  emsure _copulation _raiher_' than



eradication. " This - xecognition systen _' came under intense -

- Strass 'duri'ng' a s‘peciatidn event and changéd-" ‘Phe 'resuli:
waa that the female becams. non—predatory, sha thus requzred

am prote.g. '*:o c"mp...ate her repr oda\.hne oy cle.' This

‘was e.ﬂ:'ected by the "g:l.ft“ from the male.

Since - wodern (and preeumabiy fossil) females 'vﬂsﬁ:l:. flowers
fcxr: nutxition, th:ls speciation event wags co~incident with t:he.--'

-existence - of '.i:he _ angicsperms. Extant females are
éarnivbrpuér.' and  skill ra_qu:l_re_' am.mal ‘protain for their
ooc'yta 'foﬁinaﬂon._ This provides a mechanism for the strong
stabiliz.ation _crf.' such  exotic mating hehaﬁqur. ‘- If  tHs

hypothesis is correct, the spaciation avént . of the common’

'_ancestor of this complex took place early in the Crataceous

in & closely related species to B. prapaensis,

This - associaﬂon_ batweén Anginspe:ms And Empidinae- is 'known.

I suggest, therefore, that the FEmpidoldea served as aarly '

polJinators of flowering plants

Phglogenz of the Egaide

Tha phylogeny of the Empidoidea has been reseafched.

.extensively by ch.vala {1981 T & -1983). Exatninafion 6f soma

14 000 specimens from all over the woerld comprising extant
and - fasail species, in addition to cladistic analysea, Jed.
o Chvﬁla. to pcmduua tha phylogenatic h:ae ﬂluatrated here ‘in

‘Fig, 38, The re]iably dated, ©and - wa]l—praa:va& fcssil
Empié supports some of his predictions, hut it sungyests. t:hat

" the subfamﬁy Enpidinae was well-established as early as. the
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middle Cfetaced\_ls.:' The discovery | of  a fossil Hybotid

| (Empidoides: Hyhotidss}, in - Orapa further = supports the .

 earber orvigin of Empidoidea families, in this case the
..Hybc.iti;da.e._. ‘i.’he.se _. findé; a fully dﬂffeccentiated fossll Emp:l_.d'

' and_ Hyh'oti_._d,' imﬁly that | the groups _.were kell--’estahliéhgd at
a. " gmah é..an_:i‘l.ar date than that pJ_:é_dic't'ed" {Lower-Middle B

' Pé.'laeoger}é) and congequently, 'theaé observations have been..

added tochvﬁla's phylogénetic scheme {hatched areas in the
- ‘Eigure). ' The width- of the black areas m Fig. 39 reflact
| -__'e relative . humba_‘s of axtant specieé. ) ..'I'he labels A - J
réprasént important foaéil finds in support_. of the predicted
phylogeny. The basic ﬁhfiaéenetic pattern .however, '_remai_ns

_ ‘uwnaltered.



CHAP'I‘ER FIVE

PSeudoacarterue nragaens:ls gen. et ep. ‘nov.

" B.1. INTRODUCTION

In th:l.s chaptel: T dmc:cibe ?eeudoacarterue ' Qeene‘is' gen. - .

'et_'-sp._ ncv.,. _the only Mesozoic rec.m:'d of the suhfa,uuly

‘Bybotinae, and the £irst fossil assignakle to the Family -
' .Hirbctiaae' from the southern - hemisphere. g cxr:agaeneis N
indicaf:es _that  the Hybotidae on.gineted and d:..vers:.f:.ed at
least 40 mJJlT.OII. year.s before the previously - accepted date.’

o7

Bl _oragaensis mray be ~ancestral to _ tha exi_ant genera -

Sabinics and Syndyas, but not Acarterus. The foseil

supports the  gpredictions of a mcist, weﬂ-veéetat'_ed' and

seasonal environment in - Cretaceous Orapa.. Diversiﬁcai:i.on of

the Hybotinae appears = closely allied with that of the

_"engicsperms.
5.2. SYSTEMATIC DESCRIPTION AND DIAGNOSIS

.Supe:r:fanﬂly. Emp:.doﬁ.dea (g____ Chvale, 1983)
-Family: Aybotidae Chvdla 1983
. Subfamily: Hybotinee (gemsu Chvéla, 1983) |
Genus: Pseudo_aéarte:us g_eﬁ. nav. .

Species: P. grapsensis sp. nov,’

: EE e and only known sge

Pseudeacaxterus o::agaensis gen. et sp. fnov., ‘compressed as '
_pa.rt np/z/zszua (Plete '9a, B, & < Flr. 427 and



'comterpart BP!2!25224b (Plats 9D;  Fig. 43), In grey

mudstone. -
. Derivation o:E g_ﬂ a.n.d sge ! name

' Greek.. Pseuc‘les, .false, and - Aca:r:terus, the extant genus must A

closely resemhﬁng ﬁhe. Ffoseil; a.nd oragaanais, after the . site

B of discovery: Orapa.

biaggosié
Legs slenaa:' with wen-developed _ chaetotaxy;. onie pazr,

pmsumably the hind pajr with thickenad femora; halter with
long, elongatad stalk and large pear-shaped knoh, “both with

. well-developed chaetotaxy; characteristic Hybotidae ' and

" _-ﬁybotinae wing - moa:phology and venation; wing . length,-

52.47mm, breadth, = 0.99mm, clear with stigna from just in

front of Ry to Ry, blade unifomly covered dn
" microtrichia, costal veln with stouter hairs, other velrs

haré; wall-developed a:d.‘l.'l.aryl'lobe: c ends at fip of My; ‘sc

'35 closely associated with Rq distally . and joins it  far

- bevond - radlal bifurcatl.on, alt’ longitudinal vems smlple, Rya5

and MT para]lal, radial secbor a little - shorter ‘than length
| of basal cells br and bm; br and bm long, a third of wing
length, _veiu- sapafai:iﬁg them weakly developed; A4 xaduced;

dm laxge, slongated, lies near distal end of wing and has

E two veins issuing f:r:om :|.t both ve.i.ns simple and . :'compuate*

cup present, equal in 1ength to hu.' and’ bm.
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Description.’

* The = abdomen, . -head - and -.tr;pra.ic . of Pseudoacarterus Caxe

'c:rushed, and "obscu:r:e' a third of . . tha ﬁght w:l.ng and a

'quarter of the lef: wmg; mcst of the venstion is. v:s_ble'

in the left wing . of the'part (Plate oa; Figs 42 & 44).

Bristles have been ‘cbserved on .some areas of the body
(?late BE}._ Whether these aré on the thorax and/or on .

the abdomen is uncen:tain, as individnal = segments __ are nokt

easily discernible. - These non—differentia‘ted hairs may 'be

as. long 'as the knob of' the halter, The halter is Ffound.

Just above the riglrt wing of the pa::'t Plate 9& & :B, Fig.
42 _.(armwedu - and s __u.amum in. :]Jang_th. The body' iz

.approximately © 2.50mm  lang '(althbtigh this measurement is

misleétdihg because the diptaran Iies ove?_ ancther insect; (a

. non-dipteran, as & emall hind-wing ds detectabls) and the
bodiss of these two imsects are not essily distinguishable

' frem one 'a_.nc':ther:l. The wing .span is _' 5.42mm.. The mosk

complete wing of the hybotid (the left wing of the part)

mesgures 2.47ma’ in length and - 0.99mm in breadth (at the
o widest point). ' '

“THORAX. Thoracic details were indistinct.

Legs: fra_-gmént.-;'bf five 1898 ‘are preserved. Thé lags are
'- slongated, tha hngast, ‘presumably the hind leg, is 2.36mm
- long and has a thzckened femur. Femora, tibia and tarsi

are hristlea.- The complete famur of the counterpart (Plate ;.I
/9D; Fig. 43) bears - long, fine hairs (longer than width of
" segment) omn the ene sida, pmé.mably- the ventzal side, only.

The . tz.bia and tars:. h_gqever; ﬁ_hich are all long and .'_equqJJ_.y
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I'sleﬁde'r-" tPléte ac) ,. é.m unifoi:bly" coverad with muéh :;hon:tar_

_ha.irs {a th:lxd of the width of the segments}. .‘at the end

.uf the. lasi: tarsal SEgmem: two pectinate clam are present )
{Plate ¢l ‘the basitarsi ard emall and not swollen; no
further deta:.‘l.s of the tarsl are c‘:'istinguishabla Ho t:ib:.al_

giand is vis:.ble

'Wings‘ they ' are large ‘and. narrowly e.‘l.hptical {Plate 9A &

Figs 42, G s a0, -rha'membrane is . entizely and

uniformly covered with m:.crotrichia -‘:L'he costal vein bears _

's]ighl:ly longer and stouter haivs.  AHL- other veins are'
bara. By combining the Jdrawings 'cn: both the 1eft and

xight wings of the part and counterpart, a  Composite

drawing has been made which Illustrates venational datails

(Fig. 44).  The wings are clear with a somewhat  darker;
narrow and elongate stigma. The stigma ex_tends' from Just -
pricr to the Ry vein to the Ry,3 vein.  The _axﬂlary__lobe '

is pxeémnabl_y_ well __de_veiqped [the  blade, at a  quarter of
the distance from the . wings' point  of . origin, is

"apgr:o:d.ma.taly as wz.da as . i:ne' h:est of ‘the blade, i.e.

: the wing—margin has not tm:ne.d towards the anterior of the

' win.g ye.t, suggesting a large lobe). The costal vein (Cj

ends at the tip of the Fourl:h longitud:lnal veint M. The

a.ux:l.‘llar_y veln {Bc) is closely as_sociz_;te_d sdth _R.‘. dist_:aﬂy;'
Sc joins Ry far beyond the radial bifurcstion. The.

longitudinal veins: 32*3, R4+5 and - M‘l _a;r.'a simple‘_ ‘Ryug

‘and M are parallel. The. radial sector ig 1ong, not m.eh'

.shorter than the basal s__ecti.on of M which separates the

besal oells br snd bm The discal vein M batween the

basal cells br and bm is indistinct. The discal cell (dm).
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is large and elongate& and Yes -relétiveiy near '{:he wings‘

edge. It has 9o ve_i.ns Jssu:.ng fmm :Lts distal ‘end and it

is appro:dmately as 1ong as the anterirm' vem. Both veins :
M.I' and - Cudq 3oin the wing-marg:.n . The anal cell {cnp) is

.present and is aboui: as 1ong as the basal ceJ.ls, i:hea ve_'l.n
closing it, Cuaz, reaches the a.nal veln at ::l.ght angles.
- The. basal cells hr, bm and  cup are long, -being g:_;ea.ter_
than a ‘third of the length of ‘the - wing.  The sixth

longitudinal vein A; is weakly developed, # is not certain .

whether it reaches the hind-margin of the wmg...

" The halter (Flate 98) consists of a narrow elongate stalk

with a large géar—-shaped knob; - the narr_ow end of the
"pear" is attached to the stalk, The knob is eight times
as wide as the stalk. Both sections of the halter -are

covered with . esgec:.ally fme short hadrs, each about as long

'asthewidthofthestalk
_ 5.3. DESCUSSION

 Biology

The family Hybdi:idaa' incindes about 1 300 extant species in
the world fauna (Chvdla, 1983). In the Afrotropical Regiom,

eight genera are known, 'repa:esented by 52 species, and in
South Af::lca, seven : genera ‘are p_::e'sent comp:_;iéi_ng © 24
species (smith, 1930). o o

-Hybot:.ds a:e sman to med:mm in size w:d:h Al . average

. measurament of Smm. Like 'the _ Emp:.dida.e (Chapter A, the_y-'

are :_:ecogpised ‘maialy by ths B:ah.l;ycemua-typg wing
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'veqation and their general predatory’ aggeai:ancé ('(.:'oﬂ.ess' &' '

.McAlpine, 1’979}.  For ‘exanple, one of the three paizs of
.legs ars raptm:zal, these have thirkaned femora prohahly

'--accommodatmg strong musc:les and_ arme_d wikth -apﬁ.nes- ar
'b;:lsﬂgs_ (a8 can ba seen in P. grapaensis) for catching
- prey {Smith, . 1969}.. Indéed',' Tuomikoski (1952) observed the -

ganus Szndzas catching prey - in. ﬂight by uaing its stmng
hind legs. Also in pradatory specias, the_ proboscis is
-é,ﬁapted fm:' piercing{ ‘and the ayes are Iarga, ofta_n. with
Enlaiged upper omfuati&ia Unfortunately, thesé characters
| ware nob avajlabla fcn: ehserVat:.on in Pseudoacartarus. B '

adult Hybotidse (usually both 'sexes}) are predominantly h

predacious ‘{Poulton, 1907 & 1913); they have, however, also

been seen féeding on necta:: ' A predacious hab:l.i: :anolvi.rig

both sai.es is a primitive habit which is exhibited in most

of the cther Emp:l.dad.dea. The . complex nj:u,ﬂl:lsecl mating

. %6

see_'n in axtant Emptf.dit_‘iae,__ particularly Empidinae, is unknown

_’in Hybotidae. Iodeed, in the fossil specimen, no swollen
basitarsi are present, a characteristic thought by some to

be associated with species which enmesh their prey in silken
bal'f.oonS' (funcﬁ.oning spacifically as mate attractants}. . Bs
in tha Empididae, adult: Hybotldaa ‘are mostly founﬁ amung

andergrowth ana in shady woods, Imsh, grassland and moist

vegetation near wat:er. They have alsn ‘best observed on

-.t:r:ee trunks and on tha surface of wate::.. Larvae of -mcs_t

 Hybotidae (Tuomikaski, "1966) Jive in terrestr:!.al ha.bitats such

as scdl, leaf-litter, x:otting waoﬂ cr dung, a few speci&s

live in ::l:rtérmgdiﬁte' situations {e.__g. surfaces covm:ed by a .



Ithj_.n fitm . of water) a_mi s0Me are -aq:iatii:}.

Morphalogy

' Wing.': . The family Hyboi:idae, _'comprisingf . 'che . -'thr_ée_

-subfa:rd.‘lies 'I‘achydromﬁ.naa, Hybotmae and - Ocydioniinae, is

"haracterlse.d by several autapomorphies. Of these, the only
- ones recognizable in the Orapa spec:imen are related to wing _

'_.venation {i.e. the R X sectnr has only twa branchas, and

the véin R, g is not fcu:‘ked).. :

Characteristics typlcal of extant members of the subfamily

Hybotinae are Hsted below; most are shared with the
Crétaceous_ specimen, but I indicate where this does not
occur, R . _ _ | .

{a) Wings c:ff':en' have an'apparérrt costal stl.gma‘.

’ (b) Wings have & poze or less deve.‘l.opad axillary lobe and
| fo alula {tha lattecr is not distingmshable in p-

orapaensis).

.(c):'The' ditsca.l ce]l :ls preaent, arm.ttinq bwo 'v.ei.ns (Mo o

abserd:} to. the wing ma:gm

{4y ';L'he ‘anal ce.'r_‘L (cup) is 1a.1:gs, at least as long as or
1ongeu: than’ basal cells. (in Pﬂeudoaca:terus the anal _

ce].'l. iz a8 long as the basal ::ells}.

Rl Radial sactcn:' rather b‘tcxd; mmewhat longer in Smee.he.sp_
Stenoguctus, Aca::terus, Afrohybos and Parahybos {in
Pseudoacarterus ‘the- :l:adial sactor iz of intermediate -

length}. :

The only two plesio*norphlc features of the wing o the_-
Orapa speMen are the 1ong basal ce].'ta and the large a‘ial -
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cell. All ather characters are apomorphic The winga of

_2,- oragaens:s resemhle those of. the extant genera Sabirnos,_

Szndz and Rcarterus, bu\‘: a.re m_csz: s:um_lar to- : those . of
Aca:cterus. ' ' ) ' ' -

' Legs. The hind femora of members of the Hybobnae are

_uekual].y rﬁare or less swd]len and bﬁéﬂed -ag is the case in

e _the g'enera Sabinios, Syndvas and. the fossil Pseudoacarterus._

'I'lus is not ‘sa m Acarterus.

Ancther d:stingu:sh:.ng feature of tha family Hybotidae is the
glénd on the . fore-tibiae. This is not observable :Ln the
fossil, because only a fouw sagments of the sik 1ags are
p_resarved.' _ the frunt s’negmeuts “not  being -among these.'
Overall, the Hybotid displays a greater aumber’ of apomarph:l.c
than plesiomqrphic mcmphological characteristms.

C!lassification and Ehxlog ¥ _
The phylogeny of -t_.he ‘superfamily Espidaidea has been
e:tt_'ensiveiy researche'd' by Hennig (1981} ‘and ChvAla (1981 &

198'3}'.' Morpholog:.ca.]ly, Eseudoacar‘;erus _: osr':agaehsis_"

undoubbadly ‘belongs to thiz group.

" The placement of this new genus Pseudoacarterus. into higher.

taxa follows the recent system of Chvila {1983), who

studied  all aua:lable : type'-mateﬁaz, including T4 . o0

_spec:imens -from- many parl:a of the werld, but “‘a:l"»j Europe,._

and in particular _Scand:!navxan Worka:s have supported this
arrangement = indirectly (Colless, 7963; - Tuomikoski, - 196637
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__Hénnig, 1970 & 1971;. Chvdla, 1981), Chvala {1983, "p. 91

vegarded the Family Bnpididae as “an umnatwral paraphyletic
unit" ‘and, depending on the authority, comprised . about 11

subfamilies. - 'Chvéla sﬁgqested'SPthting the former - Empididas. .

into four aistmct; famities; Empididae, Hybotidae, Atelestldas
- and - bﬁ.c:cophoridae. ‘I'heee, togathe:r: with the Du]ichnpodidaa'
compnse the superfa.rrﬂly Empl.dcn.dea {Fig,. 39!.

Chvéla (1981 & 1983} _discussed the phylogenstic pa{:t?arns of
 the Empd.doidea. 28 I have pu:euously mant:.oned in chap*'er :
4, I have taken his phyloqeny and added the twn Orapa_.

' fomsils: | Pseudoagartervs and . the Empid: Empis ‘orapaepsis
(Plg. 39). " o

| The wings of Pseudoscarterus, being the only perts available
for close study, do not provide sufficient information far

_ ,_ch'anges' to- be made to the arrangement -6_f. groups as shown
in Fig. 39, Other morphological details are requived  (e.g.
~ chaetotaxy . of thorax and structure i::f genitalia). - However,.

'the date of the crigin -of the Hyhoﬂdae i - considerably

aarliaa: than the 70My~ supparted hy' Chvala {19&3}',' at the:

very least 30Hyr pr:.l.o:li tao th:l.a date, but more - Hikely 40?«1?1_‘
‘or moc':e.; ' Diversificatiion- of the Hybotidae cdincided_ with
- the rise to dormmnce of tha flowering plants. .. The n_eétar

feading‘ habit  of thase f_lie.v,._ ‘may lndz.cate a  close

evealutionary S:‘elatio_nship.__: o

Of the thres 'sﬁbfanmiaﬁ.-_ ek _"_thé Aybotidaes 'Ocyd;:ornﬁnae,-
Hybotinae and - Tachydromiinae, f;.he. -htt‘_.er . two  are more .
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closely ralated, on - the ‘basis of the loss of mz ' (Hennig

1870). -Hannig (1970} mns:.dered tha Ocydromjinae to- ‘be a

sister group of tha Tachydrmruinae and Eybotmae.

""._!‘rich:l.'n:ites _--:ffa_tacecus (m.ng :L'L‘I.ustrated in Fig._ 45) was

considered by Hennlg (1970) and Chvila (1983) to be the
forerunner of ‘thess tiree subfamilies, sinow it displays -
several of the groundplan characteristics {a.g. & large anal

cell,' cmp} The large ana-.l cell is also assumed to be . a
part of the gruundplan ot the Hgbotinaa. _Tha presence of

an even la:rrer anal cell in some genera (e.g. Hybos}, '_a_ina._

a _shorl: ‘anal cell (as in ° i-he_ Ocydromiina_e) are - derived
‘features (Hennig, 1970}, The anal cell of the Orapa fossil
. =1 probortiona]ly the .same. 'size " as. that - of 'I'richm:.tes

cretaceous (it is as long as the twa basal cellsh.and thiS'

. primitive fraatnre therefore suggests Pseudoacarterus to be a -

for:erunna: of a number of hyhotid groupa.

'l‘richmites also displays the plesiomorphic’ characteristics . of '

baving three M vd.na emitting  from the dmeal- cell Cand
having' all the venational elements (cells ana the points of

- origin of varlous \feins)- '-nearer'ﬂ'te w:l.ng hasa.. The wveins
are thus longer than those of some more racent species.

Bs Psaudoacarterus grapaensis, - howe.ver, exl‘d.bﬂ:ts - a.pomorphic

" character stabes, it has only two - M veins (having It Mzi_.

and it .has the vanat_io_nal e_lements nearer the wing ‘tip.
' Veins (for exanple, M, and My) arve thus shortened. - '



P_e'.eudna.ea.'fce_rue excludes . the Ocydromiinae &as a possible

- o1 .

deseendant  as its . members - have either a’ 'very ‘short . anai e

'l“LeL., far example the genus - Qcydromia, or. they have . three .

M veine issuing fmm the 6150&1 cell, for exanple the r-reuus

'Stuckenberﬂa. Tha subfamily .Lachydromae iz elsc excluded

as it does not have B discal ce.‘!l

- Memhers of the subfannly Hybctinae are, therefore, the only

degcenderits ~ of | Pseudoacarterus._ Extant genera . which -

- resemble th:ns fossil are, as ~previously - mentioned, Sabinios,

' gyndyas and Acarterus. As nearly all species of the -
Hybotinge have . swollen and bristled  hind femora, a

¢ mparatively 1arge anal cell and a distinct vein M between
the two basal 'ce.‘lls br and b, _saggeet thet thase

characterisl::l.cs are part of. the gmnndplan of th.e subfamily. :

reaudoacarterus does nut dj_splay all these feetures, and . I

therefore do not eons:.der it ‘an- ancestor of all Hybotinae .

'__qene_ra. The faint M vein between 3ts two basal rells

Eugguﬁt"a it could be. ancestral to Sabinios arid Syndyas aa
‘both display * this feature; 1 do nok helleve that this'_

derived featu:e -arose independenﬂ.y in more than . one group

Howeveu:, ‘thease two genera have _other. derived cha.ra.cte.rs

 which they do- nc:t share with Peeuﬂoa;c.arterus such as the_-

shcu:tening of Rs {by th_a displacement Cof its - poin.t of
" origin towards the wing :-_',,g}. : Sebinios and ngdz ‘have a

_.'considerably larger nurther  of apcm:rsdlic wing venational :

characters, - In Acarterus on the oﬂ:er hand, the pm:tion

of vein M between the “two basal cele is distmct. 'I"

suggest - that naarte\:us hranched _away from the ‘main line as |
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a saparata genus hafore thﬂ ayﬂearance of - Pseudoacarterus,.
- :therehy possi.bly aharing another mm:e ancient anti a5 yet_ :
. unknnwn ancestor.. This diEEerence in the venation of the .

_extant a.nd the extinct genus 15, however, the nnJ.y one,

and is the main reason I have chnaen th:.a gene::tu name. |

. Ipichinites has no distinct swelling cor bristing of any of
~ the legs, o a porl::.on of them, and it is not certain

whet:her this was a parl: of the groundplan of the Hybotidae'

cor of the Empido:.daa in genecal, Swelling of femora or

tibize of the raptorial. lggs ocours in seversl g_::bups' w:u:hin .

the superfaﬁﬁly.  For example, the Hemerodzomlinae of the

family Empididae d&fsplay this condition as de the Hybotinas

and Tachydromﬂinaé of the Hybotidae. It seems lkely thak

this condlh.on arasa independenfly o number of times. The

 extant gemus Acarterus does not  exhihit sweﬁing ar

bristling, -in_: contrast - ko ﬁaeudoacartarus, - Sabinios” and
_8yndvas,  This . Bupports my suggast],ou' that pseuao'aggﬂ

ia more closely ralatad to Sabinlos and Syndvas than it .
to Aca Tus, and - may “indeed be the common ancestar of

N Sabiniog and _S_zggj@_g

.-Incidently,. ‘I‘ztchmites 15 “one  of the - very - few

' reprt.santativss of tha Mesozo:.c Hybot:l.dae ‘to date.

Diét:r:i.butiog _

C Ak le'.ast : two' thirds of ‘the 'spe'cie's” of the subfa.nﬂ.ly.. .

-Hybotinaa a.ra found in the tropics and subﬂcpics of the_
‘Oriental and _Neotrcpical- :egions_ {Chvéla, 1983).  Three
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Sommen sbuj:hérn Afr:.ca.n genera .allled to P, oi‘apaansi.s are

sabinids_, - Syndyas and '__Acari:erﬁsi . The fdr-mél.‘ " two extant. '

‘genera are found mainly in the Cape. coastal !nagion, and

heerterus (with its single species, 2. inicolor) is an

entirely Afrotropical  gems  (Smith, 1980) (Fig.  46).

'Specmans of dll  thres genera have been xeported :E:com thn '

southern coastal regions - gene.ral, and as far uwp a3
: thr_:t_hwe.- These vegions .ave moist and .qfte'n. we;l.l—waoded;.
The absence of members of the subfamily in the drléer open
regions . including the Limpopo cosstal region is cbvious
- {Smith, 1969), | o I

The morpholcgy of the fossil is so similar to sone lz.v:mg.

”dipterans, that I sugg&ﬁt their envi:onmental requ.irements
were the  same, The specimen {:herefore leads me to suggest

" that humd conditions {and aeasor'aal. rainfa]l?) and - foresﬁed

. o well-vegelated 51mroundings prevajled in or. " around Orapa'

during this part of the Crataceous, sabstantiating yat again

the type of palaecenvironment indicated by some of the

o!:her diptecans.
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cmmn 3
mm:cr.ms ?m&c&mpu:mnw (SCIAROIDEA)
._?RHQGIONJJJA_E / ?.TABEKN:.[DAE (TABANOIDEA)

4.1, INTRODUCTION

"I have found many-' dipterans  which, although they are well
preserved, I cannot identify, even to family level. This

is due to the fact that vital diagnostie characteristics. .

(usually wing _'v'enati.on) are not pa:es;_e:ved.. Bere, I -deal '
'w:l.th three such .' dipterans which I have assigned to two-

separate superfamilies w:thm the twu suhcn:‘ders, Nematoceu:a.-

and Brachycea_:‘a-_ Tha specimens " have Lentatively been

: i:lacad in - two, : pcssihly three, fami]ies' tne - frst fossi'l.'

d&acnbed :ls suggested to ba a mem.ber of the Mycetophilidae
'-_(H_e;{:nat'.ccara: Sci_.a:t:o:l.d_aa}, the_ sacond is provisionally placed
in  the Rhagionida.e {Bréchycara: Tabahoi&ea) -and tha th:lrd_
is pcss:.bly a member: of this Tatter family or perhaps (but'

mora unlik.ely) a rep:r.sentat.we of the Tabanidae. :
. 6.2. DESCRIPTIONS AND DISCUSSIONS

© 6.2.1. SPECIMEN 1
Suberder: Nematocera
Infracrder: Bibianbﬁéréha.
- Suéeif'amily: ‘Scdarcidea -
Fa.rrﬂ.'l.y: ?Myceﬁopﬁﬂidé.e .



‘Desgription .

_.mhe_ipéact; _BR/2/22455 (Flate 102 & B Fig. 47), has k:l_aeﬁ

preserved almost in. its éntirgf_.y on a bock of _g:eyisih—_red'.'.
‘mudstone.” The head = (with antennae and most of . the

mouthparts), thorax and - abdomen have been _.f.uss.iiiséd.- " The
right compdund sye is visible, although the ‘facets  are
indistinct. Buth wmgs -are' praserved, - buk vena_tibn is

' uhclear as. "w:‘.nga overlap. Both haiteres are ‘probably

' abgsent (a suggestian of one iIs arrowed in Fig. - 47).. Al
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six legs are virtu_al‘l.y_ _r:omplete,. with the exception of the _

‘tarsal claws - and one or two tarsal segments on twa of
them. Terminalia = are indistinctly - preserved. . The . insect

measures 3.2mm m length, with a comparatively broad thorax

.(1"Omm}. ' "I‘hé wings, with theit: basa.l pcrl:.:l.ons m:ussing, are
appmximately equal in length to the abdomen {2.2mm).,

HEAD, __'-rhle head:ls small and is inserted vell belwy the
level of the upper nmargin of the thoraxf. it is'_..
hypognathous, (.Plat.:e 1 OB,. F:u;.. 47], ovcd.d, and highe- than .
- -long. The antennaa a.re inserted.’ at the middle of the

haad. ihe ﬂagejlum _ conaists - of _- apprc:xmately 15_ .

'axticulated ﬂagellnmares and it ig as long as the head,
thorax ‘and - flrst segment af the abdnmen combz.ned. " The

ﬂag_ellomeu:es are na.n:'ow, lnnge.r- ‘than w:uie, and the flag_jallumi-'

tapers- at the distal' end, Hairs ave abundant but short,
.-approximataly' equai in “length to . three-quartars of the

flagellomere's width.  The scape 15 large and ovoid, .and-

the pedicel is somewhat smaller but  alse oval in shape.
Above the :_base of .aé.éh' of the antennae, just anterior to



the compound eyes, is & long stout spine. of unkann

L _idantaty. » The mouthparts are shnrl:, . they are half the -
helght of tha head : The labal'l.ae axe Iarge a,m‘:l fleshy.
Further details are noL d:st:mguishable. " The compound eyes_

" t06

- are moderately 1arge and ovod.d' . some md.w:Ldual fucets are

_d.zscarn:.b.l.e. .Eyes do not maet at the top of tha head,'

. and are, in fact, widely separated. -The top of the head
is strongly arched; on the- hump two ocelli are visible.

- THORMX. The tho:r:ax :Lcr strongly arched- sa_em;_lnglir' compresged -

a.nd deep. . The pronotum, prescutum and scutum are large,
and the delimitations of other segments ars not clear, Tha
pasi:t:ioﬁ of the ‘coxas is - indicated  in Flg. 47. _'i‘hey are
 rather large, aiskinet, rounded structures. - The legs are
fa._irly. long - and Blender The femora are ounly -=slightly

swollen, with those of the hind lags considerably longer

- than those of the othé: "lags. The hind legs meas_ﬁre -3.4mm;_ '

wibize are léng .and alendiar,’ particularly those 'of_ the hind
- lags. 'Tﬁo apical apuxs are present. on’ the hlnd tibiae;
| 6ne is ;uEESe_nt ._on -each of the ‘middle and fore _ t::.biae.
-: 'I‘arsi _are long and. siender; each one a ]ittle shorter than

.t__he - p‘revious - one, The - ' 1egs - have . a ell—-develcped=
chastotaxy, illustrated in' the insert of Fig. 477 Al
segments, partz.cularly the femora and tibiae are densely and.

"régfularly _coverad with short setae ({setae _approxirgately a '_

third of the width of the segmant).

_ The wings are broad. and long; they  are rounﬁed (hlunti'
d:!sta.‘lly and tx.ay dre nobt hairy. Venation appaars to be-
__reducad ‘o is indistinguishable due to poor presez:vation._'



However, as details of other parts aof the body are so

'azst:mct, the lattar option deems. u::lhkely. It appears’ as

'th«:m.t_:;‘1 the anterior (and sone . pmximal} veing are thickened_

‘and the postermr veuns are weakly davelopec‘i. The . costa

of the r:.ght wing is the’ only identiflable ’ vein. It is

darkly pa.qmented and ends at the apex of the wing. _

ABDOMEN . The abdomen is ‘glongated and stout and consists

. af ap;xm:dmately eight 5egmenta. it tapers siightly__ from

the fifth ‘segment - onwards, but ends blu.ntly. At the thivd

' segment the abdomen is the broadest. Genitala  are not
distinguishable, - ' ' ' '

Digcussion )

Identification .

The presence of tﬁo, many-ségmented émte:maa and the .

rounded posterior of the wings indicates . that this . specimen
is a.. Nematooeran, Qf the Namatoceran faud.'lies, this

: spéci_men is. most élo’sély- similar to_ _the_‘ famlly Mycetoph.ﬂi&ae. '
Chavacteristics that affiliate the specimen with _this family

are summarised below. Tha _spéc:l.man' is slender, Mng—léggea,
and has elongated ca_xaé; the widely separated, large and

oval eyes do not meet above the antennae; ocelli ai:e

| present at the top of the head; the aﬁﬁennaa' are long and
slender (only aharactmsti.c cf some mambarsl, tha mouthparts .
are fairly short; - wings are bara, J.ang and brcad nd :

venat:.on is reduced {a - charactm::!stic of nnly somae members

of the family], excapt for the costal veirt, ‘which is darkly.

| plgmented and ends at the apex (ip) of  the wing; tibial -
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spurs are present‘ . A dlagnostic faatuze of tha fam:Ly that_

.'cculd not he verified a.n the foss:ll ‘is the mmple,

" branched J:ad:l.al sectar.' _ An excepl:umy however, -is that the

'antennae of thzs speeimen are’ sz.tuated lower on !:ha head

" with respect A the campaunc‘i eyes than is. the case in

extant Mycetophilidae.

Baging the menﬂﬂcah.on majnly on. these gmers morphoﬂ.ogmal '

featuras, I have - -come to the fo].'!nwmg add.ﬂ:ional

cbri_clusipqé. .. Altbough mmhers ‘of ' the family Sciaridae_

resemble the -~ fossil clﬁsely as . well, the eyes iIn this case
 form  a bridge  dorsally. . Other morphologically  similar

families are also ruled out for a number of Other ressons:

the _ 'A:cjrmjrida;a'. S’imuliit::lae., . SGatcésidaa and Bihionidae have
antennae which are - very | much short:ar- the ayes of ‘.:he
Thaumaleidae and Synneuwridae are of a different shape and
aTe .. holopt:l.c, the Qecidcmy:lj.daé ~and bi:ddae' . lack tibial
spurs; the Culicidae ..havé mouﬁhparts which are ve::y. much
more elongated; and the family A:usopadidae also resemhlas

'this specimen in ‘meny ways buk ha:e, the wing venatian 15

. dist:l.nct and tha wing is coverad with mcrotrichia.

. Biology of the Mgcetog ae
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The common name dascnbing a member of the: Mycetophﬂidaa'

: "-is fungua gnat. This dis - because the larvaa generaily ‘feed

on the Er:u:uting bodies, spores ‘cor hyphaa of fleshy _m:'

_. woudy funq:l.- but'. sometimes however, they may be predacious -

(Ba:raclough & Tondt, - 1985}, ' The _immatures ave mostly

ter:restrial, {Colless’ ¢ WoAlpine, 1970). Mycetophidid adults -



h:-we been observad feed:.ng on ﬂnwer nectar and honeydew

- on leaves {vQckeroth, 1981} and therefnre mey be important'

o poli.matcrs. '

Certain = family groupings can be discerned, for example,
Mycatophilidae-Sciaridae-Cecidonylidae, Bbut &  satisfactery

scheme of superfamilies is still disputed, ' Although McAlpine,
et al. {1981} distinguish the guperfamily as ‘L‘he Sciaro:l.dea,
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cther authors [a.g. Crokskey, ek al. (1980)1 cous:uier the

| group as belonging to tha {supe:faﬁily'} 'Mycetoph:i_lcﬁ.ﬂea. .

The family Mycetophilidae is large, - consisting of over 3 000"

_ speciee' {Vockemth, 1981), but, dpite tl:us, it is genera.‘lly o

poorly known,_ and "has  been of litle interest kil
recently. Their neglect has. passibly been a regult of -

their s=small aize and unimportance - socially And economically
- (Matile, '1980). Forty-eight genera and 265 speca.es have

 been recorded in  the _Afretropica]. Region, ‘and, in South . .

‘africa, 15 genera and 27 species are koown to date. - Bs

yet, no comprehensive. taxonomic account’ has been pubiished :

" on the 'fa.mily' as-e. whole. ' Of the Eamilies noted as ‘being
. pimilar o the fassfl, the Mycetophilidae is the lergest

[general ahundance and epecies - numbers), . This, and the .

| fact ‘that the cidest insect bearing sediments often bear

Mycetophilidae (as well as Tip_u]idae}' {e.g. Vockeroth, 1381;

Jar.zembowki, 1984 - Jell & -Duncan, 1986}, ' ma_ke it more . '

- probable that the specimen. --bei_.ongs"_tc’___'this family., ‘T

) :?‘”ugges_t that the Mycetophilidae arose 'ee:_:;ly {Jurassic), __and"_
survived and evolved. seceessfﬁlly s a vesult of & lLife



cycle whith fs - 1ndepenﬂent of water. Other families noted

Cas being similar to the :Bossil, are . k.nown from _much | fewer

representatives, BW-R _ the Sc::.aridae a::a only ‘known from
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about 150 species {Steffa_p, "1981) and approximately 100 -

_Ani_sépq&i_.dae' species ~are . recogmised to date {Peterson,

1981},

[ DdstEribution

. Mycetophilidae | _mémbers' are known from all over Ehe weeld, -

i both tropleal and temperste Teglons ((Colless & McAlpins,

.1970), on all continents, with the exception of the
Antarctic:a. Thay " are - abundai’tt: in  humid 'areas, éspeéia]iy
' mmst wac:dland, near str:eam banks Wocke:toth, 1981). '

Fossil record

Vas::.ous fogsils from penods of the  Upper Maasic ouwarda'

were refmed Tto extmct genara “and - famﬂies_- of the

Sc:.aro::.dea (=Fungivomidea3 by Rohdendurf £ 1974}, these wereg

race.ntly revised by’ Kovalev {1987). Kotval_ev  placed some
of-. these, _and other -__Mgsozo:!.c Mycetophiloid Diptera - from

. Jurmssic and Lower Cretaceous sediments in the extinct

. family Pleciofungi\mridae,' a fam':lly .m‘nsiderad as énceéhor of
most modern Mycetcphiloid groups. _ The oldest fassﬂs “which

\are definitely members of the lMycetophilifae are two

_ undescribed specias of Sciophﬂina'a -from the Cretaceous, 'one...
_Er:om the TLower ZCrﬁtacedﬁ_a dlayey ‘Wealden Bedg (744-119Myr}

of southem Fngland (Jarzembowski, 1984),  the other from -

Upper Cretaceous Canadian amber (Vockeroth, 1981), and onme -

~ deacribed spécies of the _sé.me -subfamily from -the Lower



_Cretaceous Koonwarra Fossil Bad, Victoﬁ.a (Jeil & 'D'uncan," i

1986}, "he foasﬂ from Orapa.,. if a txue member: of the.
-Mycetoph:.flidae,. is  thus a.mcng the oldast "e'gresentatives of

ﬁhe'__family,. Eui; is by _no_ fieans - tha --c:ldgst.- -Early..
.'Cret'a'ce.ov:;a_ extinct forms must, therefore_,_ h_ave ‘glven nse to
aﬁd co-existed .t'em;':o_ra]ly with récént fami‘iies .for. a
‘considerable _.len.g‘th of time. . Early Tertiary deposr.ts {e.g. :
the Redbank Plains - Serles - see Riek, . 1954) and .

- particularly - ambsrs (250 species Tecorded) are rich in

Mycetophilidae; most subfamﬂies and some. recent galera ha.ve._

been reported (Vackeroth, 1981} Spahr (1985) lista others
from other .ambers derived from Bitterfeld, Burma, China,
Columbia, the Domimican Repu.bl:.c, Libanon, Mexico, " Sachalin,
s:bena, and Sicily, - ' S

6.2 '2. SPECIMEN 2

' Subarder. Brachycera -
Infraqrdar. Tahanomorpha
Superfamilys. ‘rahanoidﬂa
Family: ?Rhagibni_t_iae_

.Dascri ion .

‘The fossil wing, BP/2/25896 (Plate 10C; TFig. '48), ypreserved

'on red mudstone, is. moderately- large and broad, "somewhat

elongated, and measures 3. imm by 1.3mm at the ‘widest point.
Venational elemert's Sc, Ry a.nd 112+3 are stmngly developed'

but 1:he other vains less so. The a.nal labe and the alula

are s-trongly differenﬁabad. The wing is hya:line and noi:

-_pﬂ.gmenteﬂ._ Whathe_r -the " cogtal wvein (_C._!_) cgntmues around



the entire wing. margin is not "ole'ai', it appears as thbugh

it does, bur it is . more weakly ‘developed on the gosterior B

‘side. . S¢y ‘énds  in the ccsta, about half - my along ‘wing
" length, diatal to the on'.'iq:.n cf RB.. R :s st:cm.ght and
 weakly developed Just proximal to the cross-vel_n. he, A
faint ' outline ot uhat o s ‘possibly the . dm  cell is

diétinguishable, it is 'positioned more or less at the centre -
of the wing. B i two ar three- branched. Bs arises well

before the base of cell dm, it is vexy short,_:n:ts fo:r:k ‘only
Jjust beyond . crossvein h._'_ It branches into Ry . and

 Rpeggdese Cell T4 is cp__é:,,_. R .h_as_ ._fou_.r branches reaching

“wing margin,  Rq, Rp.3 Ryg. _.and Rg. . erss—véin rem is

gituated well hayofxd .the £foark of BRs, poséibly haif wé.y_'

along - dim, CuAI.'I,' CL:AZ and pbssibly_ A1.. reach : wing wmergin.
Az is absent. ' '

_ Dbiscussion

" Igentification

-The wing venat:l.on is very simz.la.r to that of the :Eam:.'h.es'

Rhagio:ﬁ.dae and Anisopcdidae. The' ane very obv:i.ous

' d:lffesr:ence hetween ‘ the fossil . wing and an anisopodld 1w:l.t:lg‘, ”
:iﬁ that iu the Anisopodidae R4, ds nof split into Rg and _
Rg; and the wing is. mostly pigmented. - As t:h:.s is not so_-
in the fossil, I tentatively assign this specimen. to  the :

family - 'Rhagi._nnidaa, In tha Rhag:.omdaa,. howaver, the
position of .the crossveln r-m is said. to be well hefare,

rarely at the madle, of cell -dm, in. the fosail w:.nq it

ocoms st the ‘mddle of cell . am. whe - fosafl’ wing,
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iHustrated in Fig. 48, .is not -vary' diffare_nt from that of -



- the 1iv:.ng ge.nus ElBhOIDmZia.
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Most of the SOuthern Africa_n species . vere keved out. by

' Stuckenberg {sse- refe:ences_ in  Stuckenberg, -1380), ' but with
| so few details available in this fossil, his keys canmot he

' .used.

' 1ogy the hagi_o ae _
©  The Rhagionid_ae, commonly khown as the 'snipe_ fliea, comprise

the two  subfamides  Rhagiominae = and _Verm:ileoninée_

(Stuckenberg, 1980). -Larvae of "th__a' 'Veicm_:i.laoninae. _are
terres&ial_ predators' arid_..t_l_losef. '_bf the Rbhagioninae ara

- probably also all terrestrial.  Larvae are found in damp’

soil, xich. in decaying organic matter (d‘ama;i__ & Turner;

1981). -Mdat adult Rhagionidae’ are associater.-'l""' flciwers,_

anf:l, in the Afmtn‘opical REgion no  adults of aﬁ; genera_ _
| are predatoxs However, adult females of _S_tgg_p_llgg a-

genus found abundantly in the Nearct:.c Ragion, guck h}.oqd
of wam—blooded Vertebrates. In same species, vwhara the
female is5° haamataphagous, hosts nay be amph...tﬁ.ans and birds

'as well as mamals (James & Turmsr, 1981). I suggest that .
the fossil probably represents an ea::}y pollinato ':“, rathe!;‘
than a gradatm: of early Crataceaus va:tebrates, .amphibians.

or re.pt:i.’les. I ‘is motable that mo mammals have been

‘found in the” O_rapa. sedinents. It is unfortunate that the'
mouthparts were not . avéilahl_e_' for. study - as, in. the extant_

'speciméns,_ “thay! are very - charadiieristic- of va:te]:n:ate

: feedingr' flws - smal‘l., BVenly-sel: mandibular teeth and a

' 'bJ.adeo—]ike maxi]la.ry argan. armed apica.}ly with retrose teeth L

{Downas, 1 978}.



Sc:me d:.st:lnguishing featurea af the Rhagiomdae are: the

'presenre of three p-alvﬂ_'h., a non»—an_nulated flagallum; an -

: antenna neve:c conszsi:mg of more than. three . sa‘gmén’cs of -

. which. the thi..d segment is rounded and* bears a long

terminal- s_tgle;_ calypteu:s that ave small or vesﬁg:.al, a

costa which -cont:mues a:cound .ag ‘margin and an open ¥

cxail;"' Howevér', thesa features ‘are of ng consaquence w:j:h

regards this fossil wing.

pistribution

"I‘here a:l:'e apprommately 180 specles of Rhag:l.onidae (Ja.mes &

Turner, 1981}. - In the hfrotrop:l.cal Region there are Four
genera with 56 species and, in South Afx:i.ca, the same Lour

'genera are present and ' they uompr:se 27 species - Genera

in the - Afrotropical Reg:.on a:ce found mainly :.n &opieal——
subtropical env:lronmerms an.d in the hu:rﬂ.& mnntane parts of '

this cauntry.

Fossil recoa:c'!

. The oldest fossnl Rhagicmiuae date back to ‘the . Upper

Jurassic,‘ from which three genara 'a.r_e " known -(Rohdgndm"f,

1974). I'I.'han, 'follow thw Cretaceous representatives, such as

the' snipe £ly fram the Early Cretacecus wEaiden Bads

(Tarzembowski, 1984) which closely ' Tesembles that of the
. ‘recent gem:ls Piolina {not- found in The - hfrotmpical Reg:l.on! .

and a Rhagiomd from tha ‘Koonwarrs fossik Bad of  the same
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age_' {genn. & - Duncan, 1986) " helonging to. the Sgenus
" Atherimorpha., In the Afrotropicil Reglon. this genus is -

' ':aﬁres_ented by two 'spécies from _Soﬁth Africa, and .two.-from
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:Leegotho'- . The fa:n:iiy, and especiallv Et_ghoromzi_g species is _'

'evidentlv well - regresented in “the Oligocene deposits of

_aalti_c amber (Stuckenberg,_ 19_?é)¢ ' and _Spa}:_r_ {'!"3_5]. niotes

theh ur:esenc'e in zmbers froi Sihezia- : anc‘l the "'?h;West-

.USSR'.'_ -Melander ({194%} raporte.u on  SOme | Miocene Rhagmnids

Tom the flﬁr:ssant shales in Caloradc.



g s.zl."s.' SPRCTMEN 3

Suberder: B"I..'a.bl"l:ircm:a _

" Infracrder: Tebsnomoiphs

_' S.zpe:‘a*:i_y Tabangidea _
I-‘am:r.l_f. ?Rhag:r.orﬂdael ?Tahanic‘iae'

Descxd; n
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A medium sized_-dipteran,' BR/2/18217 (Plate 10D; Fig. 49y,

. appi'o:ﬁinatelgr:_' Smn long, preserved as a brown depbs:‘._tion of . '

organic matter on cream - colowed (buff)  sedimentary -
mudstone. The hody is _ not cc-nspictioualy " halry. The
: specimen 'is lying ventral . s=ide dom, © and, ‘-:haxaﬁare, only'

dorsal . feémmé .can be  identified, Although this specimen

' is  fairly well preserved,  the  lack of  wings prevents

. accurate identification, . The specimen is a mature adult.

HEAD. The head is two-thirds of the width of the thorax.
" The ocelli appsar to he absept. The. glabrous eyes, wh:.ch

are broadly sepafata& (theu:efore R spacimen is ‘possibly a -
~ femala),. have 1arg‘a facets’ anl‘.arcr postesr:iorly. ' 'rhe antennas
. are saeudngly m:isaing ulthaugh on the left hand s:.de of t;he_ _

thm:-ax there is a. structure mads up of thres segmerd‘s
' h:.ch I think may represent an antenna. --This ma.yindicate

. that the antennae are -short;  the scape and pedicel a.ria_. '

" rounded, bulsous sb:uﬂtures with a. short  compressed flage]lum _

attached {number oef flagellomares nnknown). " The mouthpa:cts
ave pot visible, The anterior region, hetween the compound

'eyes protrudes foa:ward conspicuously.



THQRAX 'I'he thomx is r:obust. The ‘setae on the scutum

. and Scut‘s.umr are not d:!scernible ' Th'a legs are - stout,
particularly the femur and t:.b:-.a, but they aa:a unmodified.

‘Mo tikdat - spuxs - aze ‘gregent, bhuk this iz '__nct surprisng 2%

only one leg remdins, Pectinste claws are prasea:ved (see

7middle left lsy in Fig. ¢° - amowed); the two claws

appear e he equal in. 1én’gth '.t'he wings - are miési.ng ' bui:
onu .Jalere is visible wluch is laballed ;Ln Pig 49, The
knob iﬂ large and rounded and the stalk possibly t'hm, N

dees not appear tr.: bhear” setae.

ABDOMEN. The abdomen is 2 swollen oval and stout structurs, -

tape::ihg only shghtly tov a blunt end posteriorly; it apprars

to be . relatively bare of setae. The abdomen comprises

a‘pp::d:d.mﬁtely séven _pu:egenital' segments, all of 'ﬁhich' _ are
appro:dmataly' of egual width (4.7mm) except for the Eirst _- '

and last segments. _S_'egmant' elght is somawhat modified

into ' rounded ‘and blunt '-géniﬁal stru#i_:uxes, their -shape -

 indicates that the specimen i probably a male.

Discussion )

' Preamation

This fossﬂ. ig the only fossil f::om craam-—coloux:ed mat::ix, ii:.

i3 also the _onl_y fossll which displays some reliaf, _und is

‘not . an  entirely .two;ﬂi_iﬁensinnai . compregsion. Its

preserVatich, which is _:elaﬁ.vely gaod, 'ia' unusual in that'

most fossils from this buff- coloured matrix are | poarly

preserved, haxfing been altemd 'dur:l.ng diaqsnesis by.-

‘groundwaters, The. othar diptaran fossils, preserved ma:mly"



i the grey matux, are the most distinct with ‘the ' finest
deta_"s retained as & result  of m-aservation presumablv in'_
'deep watar, w:r.thout ‘oxygen. The redd_ish matriz, - hich- :

re ‘-ese“ts shaﬂcw wntg de“cﬂ"t*_on ds | partly oxiﬂ:seﬁ, but

fcr‘.:unate}.y the fossﬂs pmsent in tb.ase seuiments are also

fairly well—preserved.

Identification =
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 The specimen .Is .vary__ similar o recent families of the

|- infracvder Tabanomerpha, superfamily Tabanoidea, . especially -
‘the famlles Tabanidae and Rhagionidae. These families are

the larger ones in the 'extant Tabanoidea fauna.  The

length of the individual iks general morphclogy, size and

number of visible abdominal segments a.re' in agreement with

itz ' placement in - this infracrder, There are no signs of

'extreme_ hairiness, "thereby ruling out other brachycerous
familles of this farm, for example the Bombyliidae.

gy_ of the 'I‘abanidae
A large werid-wide Eamily with over 3 000 known species,

containing the fami'liar horsa-—ﬂies, clegs_ and _deer—-ﬂ'l.es'
(Chalney & Oldroyd, 1980). ~In the Afxotropical = Region

‘theése authors :repoﬁr:ted some 700 spgcies. - Adutt Tabanidae
fead on nectar and -po]lan,.. but females E :ﬁay sﬁck.the ﬂood
of mammals and raptilee and are annaying transmitters of &
variety -of diseases. The majority of tabanid larVaa live in
wekt 'plécés, such as  wat med, and -thﬁ margins of pnnds,

' Ja':ee or atrea.ma They may - be medacious or faed on

vegetakle debris (Chainey '&_ adzoyd, 1980). " Different



speclas show a seasonali:ty of abundance {Glasgow, 1946}: anﬂ '

thkt times {Goadie.r, 1966), ' andg, some may be noctuxnal
(Chamey & olamyd, 1980), o '

¥

.Fqssﬂs of - the famlly are rare, and only 'on_e specisg “has

been described from Baitic amber (Stuckenberg, 1975) of the

" genus Haemato oba , and three” species representing modern
genara have’ been dagcribad - from the Miocene deposgits of
-Colorada- (Pechuman ’ & Tegkey, - 1_981}-. This would support

its  affiliation. w:.th the family Rhagionidae < rather than

: Taba;nidae.

The ‘specimen also. supports predictions of =2 hu.rnid, well~
vegetatad, and posgibly _saasdnal,' t:reta.ceous Orapa as well

as the theory that the Diptera represent wmajor pollinators

of the -eaxly _angias;':erms.. Variance in .'fli.gh.t' times of
' specigs.' may also influence .spécifig mate recognition, -



CHRP'I'ER SEVEN
_ U'NIDEDPI‘IFIED DIPTERANS

7.1. INTRODUCTION

'Although the majmty of specimens dascribed :Ln the previaus-

"c'hapters ara Well encugh pz:eserved fc:r: classif:.catmn to at
 least fanuly laval (even if . somet:mes tentative), many of

‘the Orapa dipterans are aither in & poss state  of

prgs.ervatioh, or fee.turas essent'l.al fur' classtﬂcatl.on are
_:abserft. '. In t:his chapter, % describe and discuss briefly ten
such ‘$pecimens, -and their inclusion is es_sentia_l to’ illustrate
the abt:mdan.ce.' and véﬁ.ety_ of the dipteran fa_unét.' For two
of '.the ‘fossils, an attempt- has heeﬁ made, to narrow their

identity down to at laast a £ aw .EamJias, however, I have

" based these identificaticns on auperficial ev:ldence.
7.2, DESCRIPTIONS AND DISCUSSIONS

' 7.2.1, SPECIMEN 1

| This  specimen, a fairly' small  and ﬂ&ﬁ&ﬂ' .ﬂYr Bl’f2!25233 :

(Plate  112;  Fig. 50}, measuring Z.5mn in J.eugth, s
.' presérved a5 é_ lateral vcompression ({laft ﬁde upwa:ﬂs}

red - mudstone. Although ﬁh:e . head {with antennas), thorax
.{w.ith wimys _.-and . legs) and a‘bdmen . are present,
.pm‘eservatioual qual:li:y on the whole is panr. o '
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HEAD, '.Eha head s man, sﬁbroundéd tc oblong, and is:

. J.nserted en’ the antarior and  of the arched thorax. 'J.‘he h



eyes are not discer.nihlé.'_' ' ‘I‘he : tannea emerge jﬁét ebove

. the middle czf the head . apd. are tha same length as i:he
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 head (0.29mm). Ind:.v:l.dual segments aze not visible, except

for the scape’ o wadic:e‘ _ w‘::ch i Jerge and tnaqgvla_

- _(Fig. 50}, The flage]lum is- short and po:.nted, consiet:mg

e_ii:her of a few ﬂ.age]lomeres {and in  this ca_sa the:

. -antennae ave of the styllate type_) o of TERTLY -compreieéd- o

segments, The mouthparts froject . downwards f£rom . the .

. ventral ' side - 'of' 'the. bead, “dndicating: the - insect is
_hypogna.thous, i.ndiv:l.dual components are not- Euscernible.

_THORAX. The thorax is arched and appmximetely as long as
high (0.77mm). - The .seutum is large and rounded, and the

Darrower pronotum is also distinct.

-Legs: all six leys are p:reeerved but: most are incomplete
and/ar indistinct. The legs are long and slender, an

s.e_gments are glongated 'end narrow except fcr thea coxa.e,-
which, although elongated, are stout, and, the .ferl'zqa.:a which
are s]ightly i:roadub" at their distal _ende. . Overall leg
length ds ionéer than * the head, therax and - ahdomen
.combined, the lgnge.et_: leg (?hind .left) meaaures 31mm. A

structure at the distal end of one of the tbiae (Fig, 50)

possihly rvepresents a tih:[.al SpUr. _ )
Wings: both . right and : 1e£t w:.nge -are p::eaerved. : 'I'hey are

approximately as long as. t;he thox:ax and abdome.n cnmbinEd_ '

‘and - extend beyond the abdomen, ‘they are’ broad : and_

. hyalir;e'._ ' They measure 2.2mm x. Tom - and 22mm x 0,74mm

IESPécEiveJ.y. = The only veins present ara faint and are

‘pesitioned near the _ante::_rior and proximal sides of the wing;



' _thz_ either mflects the poor stau.e af presa:vatmn of the-
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specimen - o it = a true mpresanta‘d.on cof its reduced

'vena._:.on. Tentatwe ident:f:.catmn of ve.ms in the right'

wing indicates the uresence of . C, Ray. R-s_h3, Ra,i,: and Cua.

ABDOEEN. The  abdomen iz inserted below the midline of the

thorak and arches . gently. -upwa:_:d_s',_ -particularly - at its - distal

end - {i.e. the last foux aeg:_:ients)-. Tt is long (1.84mm) and

slender . ‘and equal in  width thmughout. It compz_:ﬂses
'approximately nine to - tan sagments Terg:l.tes, starnitas and
' intersegmental memh:anes are easy to distingu:lsh. : Teréi.ta_s

'decrease pmgmmvdy in width d:l_sta_.'lly, wheareas the

sternites increase in width, suggesting a distal rotation of
the abdomen - tm;ai:'ds'- Eha right © The first -and seco‘nd
. abdeminal 's'egments are the long.ést. The termiua]ia are ot
'discarnible although -an unidentifisd s’cructure (spine--]jke) :s
present at the tip of the abdomen.

Discusaion .

Athough it is not. pas&i.ble to -aasign this - 'd:lpt.eran .l:o Ia

'particular fam:nly w:l.th cnnfic‘lence, its - overa]l appearance and

gross -morphology iz s=inilsr  to that. of the following

familieg: - Bleph&ricefi&aé, ' Pachyneuridae, = Mycetophilidae,.

'Trichoceridée, Anisopodidae, 'Cuﬂ.@i.dae,' and -the V&cﬁﬂleonidﬁe.
waavex; each of thesge have certa:.n features which differ:

| with those displayed by the fossil. Of the sbove, - only

- the Hycetoph:l.‘.tidae and T:ichocendae have nahzz:a]ly upward

' cqrvinq abdomens.  The . antennas of all the above <amilies,
-except some mnembers  of the Mycetophilidae (v.n_d.ch“ have



'iccmpressed"_ anten.naa) anrl Vanmleonidae {which have styllata

. antennae} - a're.' 10ng. . The wing‘s of ‘Pachyneuridae,
‘Trichoceridae, and Vemilecnidae are cdnéi.dérahly '.ha':crcwer.'

-_1'23'

than those of the fossil, These “Few characte.nstms rule -

out all but one fam:ly, the Mycetophﬂtﬁae.

Factors supporting. -the 'speciuién's - affinity . with ‘the

Mycetophﬂidaa are listed below.

'(a} -Myoetophilidae, often - display reduced venation of thaiz.'--

wings, :ﬁhere omnly C, R1, R4_¢_5. Cqu,. and som_etimaﬁ

Rzé—ér' are stronle daveloped, with the other veins

reduced or missing
(b} Antennae of this family are variable in length and in

numhem of flagellcmeres thexeby easﬂy accommodat:mg

this fossil spac:.man. '

C{el General hody shape of the spacimen is aimi]a:c to- sorue '

- genera  of . this Cgroup  (small head am:_l narrow

abdonen with respect to thorax’;__'la:ge ecutum; _lafge"

‘wings . in  comparison to_. bod_y; upw_'a:c'd - curving

abdomen; long narrow legs; elongated coxae’ and

a]ighl:ly thickeneﬂ distal ends of femora).
‘{d) The Mycatophﬂidaa have tihial spurs. _
-te)' _The family a5 a whole is larga and common :I.n many

parts of tha world, ' and is abundantly represented

hy :Eossils lChaPtEr 8).

A genaral discussion on the hiolc'agy and behaviour of th:ls
group ‘is- £ound in Chapte: 6. . ' '
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7.2.2, SPECTMEN 2

" This specﬁmen is cafnp&raﬁ.vfely -stdﬁt ﬂy', BP{Z!fragment"

“{Plate 11B3 Fio* 51 1, preserved on =z T._ddish-gmy f“agmen"
'of mmdstone as a laveral camp:assﬁ.on (lafii' side upwards).
Tts tota.l length BT E knc.-wn as s Dbasal port:.on is

_. mss:n.ng‘_; but, lrp !:b the thirﬁ and a half ahdominal segment,

i measures 3.1mam. The head, tharax ind * abdomen are

poorly preserved and “the ' lags, wings and uiher appendages.

are’ incomplete, distorted and éh:l_fted_ in their relative
positions. ' o '

HEAD, The head is robust (0.52mm in length) with respect

to tha size of tha thorax, A  structura posaibly
rapresentingu the -.compound eye, is iHlustrated in ¥ig. Sty if
this :ls indead tba compound eya, it is. larg‘e ‘and ﬂichopt:.c

The anterior-dorsal port:!.on of the head iy raised ‘and.
. probably represents  the _ocgi_’-l;a:- 'Eﬁangle _ comp::lsl.ng tha

ocelld. Appendages at the fromt of the head are only

partly preserved and 'thej( may represent the _antannae.'
- Possible palps have also been identified and are indicated -

gn -Fig.: 515 the othe.r segmanta lyinr; together with the
palps, are portions of the specimen’s legs. o

| THORAX. The thorax dis about as long as it is high
S {1.24mm). Although the pronotum and scutum: ave extramely

‘robust and distinck, no other segmants are discernible.
Legs: - flve incamplate legs and one ccmpleta leg are

. preserved. They a:e ‘short “and narxow in  comparison with

the pody as a whole, thé . longest - or the’ mo_st completa leg
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(left Zniddle) measuring 2.46mm. - None of the segments s

' ﬁoti'oeahly : swo]len, ‘&1 are relati\rely narrow, '-f‘even ' the'.-
coxae. 'I‘araomer\.-;s of all the legs are smal'L wit'h narrow'

proximal ends - and somewha... '_enlarged distai ends, 2-\ _

pulvillus of the left {?middle) leg is distinguishable.

Wings: only a portion of ona w:n.ng is. preserved, it is 1.dmm

-long. . It is beMeved to be the right wing as there is no

. trace of the proximal region which mrobably liess under the

. thorax. Only C and Ry (and ?Rs) remain, and, there is fo |

txace of pigmentation. )
‘I‘he left halter comprﬂsmg a smal‘l. knob wi{:h a broad stout

: _stem, measuring 0.867mm, . 53 present {Fig. 51).

ABOOMEN.. The - abdomen is stout, nearly as broad . as the
. thorax, with iﬁdividuol segments . sh'orh and broad. Tha
.'t:hroa' and a half’ segme’nts'" ‘present measure 1.33mm, and,
conaida:ing that there ahould be at 1eaat about five more

" which probably decrease progreasively in length, the +tobtal

abﬁ'o}rﬂnal isngth is estimated to ba about 3.5mm and {otal
body length about 5.3mnt. '

_723. SPEGEMENZ?

Most of this. fairly stout: specimen, sz,‘zssn- (Plate " 11¢;

‘Fig. 52), is clsarly prasor:ved as a lateral colnpxessi.on {left
side- upwards), oh a block of zed mudstone. Unfortunately,

"~ the ahsence of wings and antennae randers its c].ass:.fication' -

to family laval :I.mpossiblo, a_nd p4 _oan the:t.efore o_nl_y

desor:be its - general morphology ‘The .s_peo:.ruon . measures

‘S.4pm in length.



| HEAD, ‘The head 1s large and -rounded -to‘eémm llength) x
' .0.91mm (width} I with dichoptic uampound eyes and probably-
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‘with the ocellar tubercle and ocelli present. The. Iaba]lum .

is ' presevwad but rzot Cloar the palus are’ lonc: QE _c“a as

" the head) ‘and narrow. The mou\:nparr.s are more  or 1&35

-_ventra].'l..y. | gitnated and the  specimen L is therefore '

" hypognath_ous.

' _:'eﬁom' The  breadth of the thovax is approximately ' two-

'thjras of its lenqth which is 1.5mm, Segments which are -

disceruible are the pronotum,_ prescutum, scutun, rf:'c:.l.ﬂ:eil.'tutrlr )

a possﬂ:ly the matatargite, thigse are ﬂlustra.ted in Fig.'

52, _ _ _ N
Legs:  six legs #&re preserved, in varlous states. The most

- complete lag: indicates that the legs are relatvely long -

 (approximately equal - in. length to ‘the thorax and abdomen
combined). The longest (the 7hind leg) and the middle leg

measura - 4 24mm and 3. BSmm respectively, ' They- are fairly
stout, with tha ‘base of the femur and thia slightly

thickenad.--_ The tarsomeres are narrow, elongated structures
and, what appear to be empodla, aru_a. found at- the'. distal
ends of two of the. legs. ' ._ _ ._ "

'_Wings_z_ only .the.-;ntmbr- portion of the right. wing is
ﬁreser?e_d.‘_' The_’ﬁin.g- is short (three-quarters of .Ithe' length

'of the abdomen) and probably oval in shage (it does not

protrude beyond ‘the ventral side of the ablomen);

measures  2.55mm and - comprises the véins c, Sc1, Re, and

Rq. ‘I‘he remaining port-l.on of the wing !iea helcw the



bﬁdy. No trace of pigment is datectable. A -sectibn_ of
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the left ba...te.. 1= Fmeset, and it has a large knob but mo -

gten.

_ABDOMEN. The abdamen dis. stout, elongated  (3.27mm in

‘length), straight and . comprises nine to ten segmeuts. AL
segnents (except the first and the last) are more or less

equal in length. - The first flve segments are approximately

the ‘same width; there 1s thus no narrowiny at the proximal

end of the abdomen. The hypopyglum is discernible but its
individual compdnénts . are’ not. 'Interségmeni:al areas arg_.'

'_ clear, but thé. boundary. - between the i:ergites and sternpites
. is not,

7.2.4. SDECIMEN &

This comparatively slender fossil specimen; BR/2/26852 (Plate
12A; . Figs 53 & _54A—D)_, is preserved as a lateral

compfessinn {right side _ﬁpwards) ‘on red muda%:one.'._ It s

small, measuring 2.2mm, and comprises the head (without

identifiable appendages), thorax (with a -few remnants —of

‘legs and wings) and the complate abdomen,

HEAD. The "Ihea'.d is rounded and 1érge '(0 5Smm) with respect

to the re'na;mng pm:tmn cxf the body Ia - Fig. 53, .a-

quagtion mark indicates what may rapresent the mnuthpa:ts,
and if so, the insect . is hypognathbus. : .0_;1_ the darsal
‘portion of the ‘head a roﬁ::‘:_dad projection is apparent ‘and I

| think this represents the ocellar tubetcls. No compound
eves ar other festures sre distinguishable. Below the head, -



‘the many segmented appandages, are. th. legs.

THORAN. The stout thorax, probably much Iroader than in
the living ferm as 2 grest deal of &'storbion is appavent,

measures O0.6mm. by ‘0.9mm;  The pa:onotﬁm, _'-_ préscutum;' scutum

and scutellun are distinct, The soutun in particular is

we]l—-developed and. stcmt.

' Legs: 1long ‘and . slender in compa.nson to the rast of :'the_

body.  There s no apparent swelling of any of the

ségments.  Tarsoneres are’ ‘small and sub- - rectangular., The

fibta and femur of the "J:lght hinfi leg are long and

slender, this is the bngest of the 1egs, measuz::.ng ", 75mm.

Wing_s.- the - wings are 1arga with respect to the -specimen's
-ova:a]l glze, ending far beyond the ahdomen. : ’I‘he basal_

portion of the right wing and the near—distal port:ton of
" the laft w:Lng ars preservaq. I have made an attempt at a
compo.-s:.te ﬂlqstrat:mn of thesé two parts and this is shown'
in Figs 543-D; together they measure -appro:dmately 1.5mm.

(a) Fig. 54A.  The right anﬂ laft wing portions are joined -

directly to one another.

(b} Fig. ' 54B. Right and left wing portions are joined |

‘directly, with - a fev possible a&ditional veins

included nesr ﬂ'lair Junction, ' The sugqested out]ine'

'uf the wing is a.]su added here, giv:i.n_g .the wing a

rather hroad appearance.

(e} E'iq. 54c. ‘Right and loft w:.ngs are jolnad with a_-'

regn.on of overla,.- ﬁ:u.s makes the wing short, hroarl
. ‘and rounded.  If the area of ovarlap ix increased

even 'mnra, it is possihla tha_t only two  lengitudingl
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veins rea.ch the antm:io: costal rna::‘t;(inir instead of
the sugct&ate& thres, R

{d} Fig.. 54D. Right and left w:i.ng secﬁ,ons are not jomed, ;

‘a missing -section betwee:'- the two may  be ;__presr_erd:_

inplyiang a bnger Narcower wing.
In the four ﬂlustr:at:l.om-, the fifeh longitudinal vein 1244 o)
:s indistincet dista.'lly and its passible ending is variously'
| -shcvm in these f:.gure.s. _ _ _
. The wing .is hyaline and its basa is narrow. I guggest
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Fig. 54C is tha most sinilar to the m:iginal ving. Veins C, L

Sc, R1, R2+3, _'“14-2 and Cua are preserver:l._ €, 8c and. Ryq
' dre somewhat thickened relative to the other veins. .'

The ﬁ.ghi: halter is well . preserved; i i large  and
distinctive and comprises -a  long narrow stem with

‘alongated, 1arge .knob; tagethe:r: they ‘measure 0. 31ntn.

Compression has resultad in the ha.ltet splitting in ha]f.

-

'ABDOMEN. The abdemei comprisas abpro:d.mately ten segments

and is faily short (1.1mm) and of'tha same"langtl'_l:_ as the

thorax &and head comh:.nad. T is narrnw basaJJ.y, where " &

unites wif'.h the - thorax; the {:hird segment. is. the m-oadest
_ and all the segments thereafter nan-ow ‘progressively - to. a

round-ad,_. blunt end. - Detaﬂs of the hypopygium - are 'not_

discernible.

D:lscussmn

" From an analysls of the ccuupoa:d:e ﬂlustr:ation of the w:lngs,_

I suggest __i:hat. tha specj_.man_ CmAy belong to ' thg_ famity

.Arﬁs'opodiﬁaé (Nematdcera ) 'T'.he wing‘ vanai':_i'.on-' rﬁeinb]_es that -



of this .group the most closel_? ang fh:i.s_ family s ‘therafore
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: discussed in’ more uutai.'l.. Sirrdlarlt_es also e:r..st ha*-wee* .

- the w:.ng of th:.s : speca.men and - that of mambers of the

_hpur_lcuhdae (Bxaahvcefaa and Ces*-a-oph:hdae ' (:-!...sc:.:...s)._'

Howe\ra-:-, representatives ‘of the former family have _' vefy- -

1arge heads- {composed mostly of eye) -a aliaz'-acteristic' not.

shared with the fossll, and the latter family :ls be]ieved to

-have arvisen later - in . the. evolut:l.on of the Dz.ptaxa, ~and

repres_enta.tizves are not known from the Cr_eta_.ceous.

I‘he fam:lly Amsopodidaa consists of almust 100 specie.s in

=i ge.nera, 'of which 18 spsr::ies in four ganer? are knowx,

‘from the Afrotropical Region (Hutson, 1980b). Adult Eles

_.may Dbe found at flowers or windows and males = sometimes

perform aerial dances in swarme (Hutson, 1980b) to attract

females (Peterson, 1981),  Adults ave found neax larval

. habitats, l.e. in - damp' places on decaying or fermenting

organic matter, | such as in 'wa,tar ~filled traa;-ht:le% . moist

rorien wood, - hleeding tree-t:unks and under bark (Hutson,
' 1980b; Peterson, 1961).. Females oviposit on molst surfaces.

'Fossil specimens identified a@ members of the Anisopodidae

are . few - ‘Pgterson, 1rut,. - McAlpirje_ ~and Martin t1_969) '

menti.on' " one species from - Cretaceous Canadian amber,

Edwards (1928 in Peterson, . 1981) reparts on 11 ‘species’ in

.--'_thre'e extant geua:a, th:cee from the Eocenefb]iq::cene

.fa:’mat:l.cns of CQ.'mradu a,nd Wyoming. Spahr (1985} lists an-

.'additional saven species from various ambers including tnose
- from Ganada,, China Maxico, S:i.cily and SOuth-ﬁest USSR.
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A study of extinct and extant species, shows that the wing

é_;f the Cratacaous spaciman from Ora.pa resemhles the extinct

fm:m P*-otolbiogaster rhaetica (Fig 55) in’ many ways, and g -
list of similaﬁ.t‘és :Is g:wan “below. B. rhaet:i.ca Rnhdendoz:f :

" (family Protolbmgast:idae} from the Uppecr: '.L‘riassz.c of Central
Asia s’ sald to pnsaibly be the .nearest--fpss:nl relative to

the Anisopodidae - (Robdendorf, 1974).  Figure S5 illustrates.

Rohdendurf ‘s m:iginal dra.w:l.ng. _

{a} The ccisthl field is wide with convexity directly beyond
its po:.rﬂ:. of initiation. - ' '

{b} B¢ 1i= weakly Yent ante.riou:'ly withoul: branchas and

tr:ansver:sa ve:l.ns
{c) Scis paral‘l.el mth Ryq for nearly it:s entire length
{d} Ra cmerges from R m the first guarter of the wing.
' _ (e) Sc, R1, Rp,3 enter the costal va.n {C) cil.ose together,
near the middle of the anter::.or ed’ge of the wing.

(f} The main tnmk of M branchaﬁ out from CuA in a

so.mewhat thickened form, which thins out distally.

" (9) Both M and. Cu& are a.‘lmost straight over thEJ.I‘ entire"

lengths.

(8) In P. rhastica, A i ‘thin and short; thia may ba a
charact‘er:lstic in common with the Orapa foss:.'l. i
this vein has baen correctly identiﬁ.erl in the

latter specimen. '

'.Djffe:aﬁe':es obsérved . Jbe o " the w:tngs of t.he two fossils

are - also prevalent a1, - ender posﬂ.ﬂve identificatmn"

E

mpcssihle, these djffa:encas m‘.’e isted below.



_Protolbicgaster

" {a) Sc and R almost straight.

{1} The basal part of R is
. thickened.
K distal to the phragma is

Tha cqmo'n trunk of

tnick with a short posterior

" branch terminating freely in .

the memhraﬁé'. : _ _

(.c).Rz_',_j originates just prox-
:unalto tha middle of the wing.

_ | {d) Rg,3 runs- paralla‘l. tc .
R1 espacally distale.

7.2.5. SPECIMEN 5

A poorlv

. wings, BP!Z/ZSZdB {Plate 1253 Figs 55 & 57a-c},

. Geapa 'Antsopodid’

preserved 'sgaec:im'en with the

(a} ¢ ané R gurve anter- -

* dorly for mest of their

1eng'l’.h -and they ére _ .
{b) R is not noticeably

. 'thickened at s baéa -and. :
. n-.. pnsterim: bra.nch ie

gresant

(¢} By,3 originates in the .
first qmrte.r of the wmg

(dl R2+3 runs paraJJ.el to
Rq proxim&llj.

Eomprassed

darsi-ventra.lly on a- red coax:se matr:.x 'I'he total body

'_ langth (excluding the palpB) -

HEAD,
-.né;. .56;'
discernibie. -

| THORAX,

anto '.’ta left side. .

The . thorax is 'large', ”
Whe scutum 4s dlscernable sa the Ieft

Possible palps and a compound eye are mdiqa.ted' in
they are distorted and further details are not

rounded and has rotated sver

excap‘tio’n; of the’
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| sie, and :|.t appears ta be fa:irly Emall' ‘the other. segments

"cazmc.t he identified with certainty, ° | o
-Lags' the legs are baély praserved and on'y small ' porf.ions

‘of three of them remsin (Fig.' $6); they are belleved to ba
the right hind (RED), wddle (RML) and front - lege (RFL),’

They appear to he rather stout  and of mediiim .len.gth
(2.8mm). The femn: of the "ﬁ.g‘ht middie . ].Bg' is a J.:.ttle

- 'J:n:oade: distally.
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Wings: - the left {3.0mm) and right winigs {3 9mm) of the -

specimen’ are 'incomplataly' preserved-,. "as. well as an

additional. w:ing be_‘l.onging tu another msect near the hea.d-._'-.-

Cof . speciman 5 (pqssihly a dlpts-.ran, ‘but. lack of deta_'l.'

B prgvents further identification). -~ Ccnsidering only tha 1rnr:‘».ngcs o

of the fossil -concemed: of 'the"'- Jeft ;Pﬁi'lg thé 'postarior-_'
basal portion is -missing, and of the _right wing, the
posterim:-‘hasal and distal sections are missing, and only the

anterior pordon remains. I | have superimposed the left

(Pig. - 574) and right wings (Fig, 57b), and the composite 8

illustrated in Fig 57c, Vemation: the costa is thickened
' at least up to 124, and, pc:ss:.bly 'up to Rs it appears to
contmue a lﬂ:tle hayond' Ry m “the left wing). - Sc and : R1

leave their common base simtﬂ.taneously ‘and lie pa:r:aJ.'I.al to

" ona a.nothar for most of their length. Both veins enter

the costa close together, in. ‘the m:_.ddle ‘of the anterior -

edge ‘of the wing, Rs criginates in the first guarter of

‘the wing and b nches inkc Ry, s and Ry,s in the middls of

 the aecond quarter, .124_,,5 subsequentiy _lranchés- into R,

and Rs in the last"quarber ‘of the wing. 1,2,,_3' and R4+5..

are 1ong, nearly paxallel to- ona anothm:', diverginq only :



| Slightly at their distal ands; they aenter the costa at the .
- most antericr-éistal portion oE ‘the blade.' Crossveing -r-m
and m-cu are si.tuabed more or - less in the middle of - t}.ié'”

' " wing reault:.na in long ..ong:i:udma] vems._ Cells hr, bm and

..-cup ara lcmg and- narrow. ' The posai.hla pre_serica and shapé
of cell dm is ilustrated in = Figs 578 & o ad are the |
velns My, M, and ?M3. CwA; is straight until just beyond
m;cu 'ﬁhére’after it .- cm:ves sharply poai_:er:i..orly,' meéting_ tha.
postarior wing' edge clcse fo Cuhz. -\ 'pcaaihle. trace of A1_
s also :l‘l.dsl:rated. : o _ o

Both halteres are pceserved .aut- only the ri.ght one 15
.dist::l.nu . It has a very 'na.rrow stalk and the Ic_tiob s
. large, pear-shaped and split lsnghtwise due to compression,

" ABDOMEN: 3 featurelQSS crumpled and d.istarted structure with'

no d:tscerm.ble faat.n@s.

.. 7.2 B SPECIMEN 6 . .
A poorly pres rved speoimen, ‘BP/2/25911 (Blate 1 2(!;. Fig, .
58}, of which half the abdcmen_-is rrd.ssi.ﬁq and the w:.ngs
are crumpled. It I '-graéeu:vari_i .ais | a 1&{:@::&1 compression
(r;ght glde upﬁardsl on - gray mudstone. It ds  small
‘measuring 1.5m in length (from the head o the Eifen
_.abdominal segmem.- It i & slem:‘lar specimen with long
_ thin 3.ags and naxrow elongated wings.. - :

HESD. ‘The head is swall (0.2mm), approximstely a tad of
the size - of -the " tharax from - which it prajects directly
forwards; the specimen. is  probably = hypognathous an



extension. on- the ventral side csf the heaﬁ. mostly hidden'_ '

hy ths nght frc)nt 1ag,. is present and pdssibly reprasants
.the mouthpa:ts]-.- The campound eye 15 la.rge and appears
to meet :J:s counte::part at ’clie mditne of the top of the
haad, e t:he- -specimen may be holoptic. The ocsllar

. tubercle - : “is . dizcernible on. the dorsal side. of the head.

The antennde are directed farwards (inserted a_riﬁ_ari&ly “an
the '-head'}- and aré compqse.ﬁ of approximetaely eight 'segments,

a brachycarous ‘condition, they are approximately 0.38mm.

’ long.

‘I'HORAX 'rhe tharax iy long and narrow {0.5mm x 0 26mm) .

:Legs' ' _portions ‘of four legs are preserved Ethe r:r.g_ht hingd
(REL), middle (RMI) and fore legs (RFL) and the left fore
lag (LFL)]. The RHL is. tl.ie'. most complete, it is 2.42mm
loilq. The legs are long .a.nd thin  with long, slender

femora, tibiae and tarsal segments, None appears thickened -

~ and no tibial gspurs are present., :
Plings. the right wmg 1s complete but ik is crumpled and no

.veina axcept the coska are preserved; . it i 1.6mm long.:

Only the basal pm:tion of the left wing mmains. In tha

left wing, three lnngitudmal veins’ ara  present which may-.

. represemt the ~oostal (Cl, - subcostal (Sc) and radial (R}

velns. ':Parl: of . the  zight halter is preserved (0.2mm)} the

knob is large and muhded An appearance and the stem
- appedrs to be very thin and long. '

- ABDOMEN, Five abdominal segmen'l:s ars preserved, and wp to
' the'. Eifrh .s__,egmant, the abdomen measures '.'1 8om, I estimate -
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the total abdominal length to be a maximm of 1.5mm, with
‘the total insact . length - about 22mm. ___I_‘he-_. ahdotﬁinal"

: _segments ara stout with broad mtersegment'al regions.' The

th.u:d segmant is prnbably tha broadest

- D:Lscussion

-'I:E the antennaa are correctly :lnterpratad, then “the diptera.n

belongs to the hrachycerous ~ group - whose antannae are
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'usual'l.y nomposed of a.pproximataly e.tght segmants. Further -

:|.dent1ﬁication ig mpoaaible

7.2.7. SPECIMEN 7

A small . slender £ly, BP/2/25859 (Plate 12D} Fig. 59),

ﬁéasuriné 2.3um  in length and presexrved a3 a lateval

compression (left gide upwar&s) on & _blcis:k of greY

mudstene,  This dipteran is  very. ypocrly __pméseréed. cand  ia
not ‘assignable to any specific Superfamily or lower taxodm.

CHEAD. - ‘The head is amall (o.amm long). distorted, and

_ projecting forwards from the thorax. The apape, (?left ar
":_i_ght)_, _3¥ cerrectly interpreted, 1z -the only part of the
antennas which is v'rell .pre'serVe&.' - This anteﬁnal segment is
lacge and raundeq. 3 faint impression of ‘what may ‘have

‘been palps is discernable (Fig. 39); they - e long, . thin

and project aﬁte:n-#entrauy.' :

THORAX., fhe thoTax . is stout and rounded (0.Bmm) with a

distiner, pronotum, scutum  and st:utallx:m . Othar: -se'gmerﬂ:s:

. which I ‘have identiﬂed but which _are not as. distinct are
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the anepistevnum, . -apepimeron, - anatergite, k_atata:giﬁé, S

‘kepisternum, " 'mg't':at':ergitq_a,;- _?matan_dltrgm,' meron . and képimeron

{Fig, 59}- _ : . _
tegs port_cms of all six 'legs are preserved. and are
' sc-.-.tterad randomly around the fms:ll. The legs are. long

- and slander, probahly as long as or longer than the body,.'

the longest (2left hind lag) messuring 2,76mm. The coxde

- are elongated and harrow, the femora are 'somewhat.sbout, in

: partiealér those of tha' hind legs, and the_-tibiaé are  very

long and slender and’ slightly thickened distaliy; a single :

. tiblal spar can be  obssrved  on two. of tha tib:.ae. ‘The

'_taxsomerea ave - small, elongsated and_ ractangular w:l.‘_ch an

- empodium preserved on one '.of_ them (?LHL}; no details of
the empodium are d:lscern:.hla. '

Wings: portums of the right and left: wings are preserved, X

but the Fformer is more diaﬁnct. fhe wing is . shart
{approsimately . 1.51nm) and broad, probably  not exceeding
‘the langth of the abdomen. Some veins are discernible

which I bhave intexpreted as C, Sc, R, Bs and pomsihly

Ry ,.3r R;_,,s and Cud (Fig. 5%). ‘The costal, subcostal -__ahﬁ
radial veins are parallal along most of their length (left
wiﬁé). R hranches into ?Ry and Rs In the tivet " gquarter of

'the. Wing,. Rs branches’ at least once, in the second quarter
linto 7Ry, and Rysgh spd’ ¥CuA  originates in the first

' quarter,

ABDOMEN. The abdomen is long and slender with only six
segments pressrved. The ' third segment is the longest and
broadest, © with = the  sagments " to - follow decreasing



progressively in size. ' The junction between the thorax and .

abdomen is nartow, as 40 some Mytetophilidae,

© 7.2.8, SPECINEN 8

| The fossil mpecimen, BP/2/22455 (Plate 13A & B; Figs 60 &
1), 18 a fairly stont dipteran presexvad as a  lateral -
_compression (right side ‘upwards) on reddish-grey mudstone.
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It is of medium length, 4.6mm long, and comprises the head

(with an incomplete antemna), thorax (with portions of all -

six Jegs and hoth wings}, and the abdomen

HEAD. The head iz ovoid without discernible featurea. It

is O.Emm :.n 1ength aud is. partially chscured by the fronh )
lags. A amall pox:tion of ‘one -antesnna mmains, comprising .

twe .ﬂage}lpmeres. which are _narrow_ .and alongatad .{tv;iée as -

long as broad) (Plate 13B).

THORAX. The thorax is mall (1.3mm) in comparison to the
. head, and, particulaxly the 'abdomen.' _ The poeitions of the
prdri_oi:unﬁ, prescutut, scutum and scutellun are :Lndlcated in

. Flg. 60, as is the possible_ metanotal _segment. Indlvidual

segmanté ara not noticeably enlarged. _

Legs: portions of all six legs remain, of 'ﬁhich the right
middle lagr is the most cnmplete, :’d‘. measures approximately
2._8mm. ’1‘1‘1_15_ ley is, however, probably not the longest as,
for example, the fewur of the wight hind leg (Pim. 60) is
atcutar and longer than that . of tha xight middle lag, as,

no doubt, & the overall leg length as well, The légs .

. {particularly the famora) are . fairly shorl:. and etouk wﬁ:h -



respact to t:he rast of the bc:dy.
Wings:. ‘the right wing is f-. " most complete {!‘igs 60 & 61).
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It s long, excesding the length of the ablomem, and is &t

lsast 2,9mm in length, bub grobably as much s 3.7mm i

the non—-pm‘eservéd 5ect:|.on _ cqve:;j.ng the ._thozax ds - added.. :

‘The wing is. relz.ﬁ.vely broad (approximately 1.2mm) but I

cowid not: obtain the- axact maasurament as the posterior
margin  is- not discemi.ble. T have attemptad-_ to: ié_ler_xtify
‘some of the : veins of t:he ‘right wing {Fig. 61},’_since- in
the  laft wing, only the proximal portions of the thrae
.anter:l.or veins remain, i.e. €, Sc and ‘R, The . longitugdinal
veins: _C_, R (anﬁ partsof ‘PRq a&nd ?R4+5} aﬁd_-ii'aza wéﬁ.

‘developed. All other veins are alightly narrowver, - more

. reduced or lesg ﬁellnpmeaerveda The costa, C, is thickensd

up. o TRy5 and only ﬂighf:ly less  s0  up ...unt'll' it
.'d.isappears from view (where the wing nva:lies tha abdmnen}.

Sc is weakly ﬁreserved but its fresence is discernihle to

."just beyond mid——w:lng 1ength. ”?R-, may reach tha wing
margin in the costa at two-thirds of the wing's length’

along. ?R4+5 reaches the costa just prox to the '_Hing
. apex. o splits. into '?M-“_z and Mz (which reach “the wing's
edge just pcstariocr: to s apex} “and Cuh divides into CuA1
- .and Cudg.. Only oné anal branch (?A) i5 disgernible.

ABDOMEN. ' The abdomen is - large .an_d_ ‘stout and measures .

2,7mm  in- '1ength'_§ :lt_._. comprises : épproximatﬁly eight _segmenfs
which broaden ' successively - posteriorly, up o the fifth
. segment. The abdomen ends hluntly, ‘no ge:nitalza - are
discernible, ' ' - - '
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'? 2.9. spncmm 9

h stmxt, poar:ly preserved dipteran, BP!ZIZSS'!B {Pl'at__e_"l_BC;

'Fig. 62, preserve.d as & lateral compression - (left side

upﬁa:ﬂs}.' on & Hock - of ved . mudstone. -The specimen  is

.sI_n_éJl, and is 2;1m lbng.'

. HEAD. The head is stout and rounded and is O.Sma in
length. 'I‘here is -a  faint :.mprées:lon. of - wh’at._. ﬁrnbably
represents the mouthpa.rts_ _at'-the antera-véﬁtral side .c';f the
~ head (Fig, '521.. " detalls camtot bs - distinguished. No

other features can be I{dentified elther, At the ' vemtral
side of the head, Ithera- are very = faint inipx'iassion_s of
. portions of the legs. . - . ' '

THORAX. The thorax is iobust and w Jer than long (0.5mm x
_0 -asm). 5 have ident.ifiad the pranotum, pz:\asouf':.mn., goutum

'and sc:utel..um a.ll are ataut

Legs: portions of -all six legs ave faintly presei:'ved. -‘I‘heﬁ‘

appear to be - shm:t, thin  and .Erail in  comparison to the
body of the - _spec_:ime_m I estlmata the mngest ‘to  bhe
approximately 1:16mm. .

‘Wings: hoth the left and wight wings are preserved, and

' they measure 1.78mm and and - 1.46mm respectively, I cannot
accnunt fm: the d:screpancy in size. Ag 1east seven' 'veins

_raach the wing margin in tha left w:'.ng and 5:I.x in the'

- right wing, ) and these I interpret as SC, Ry, _Rz,_ 33, Rysnr
M, Cu, and pos'si.h};y-- Age m are long, approximately a

third of the total wing length. Crossveins ave either few .

cor not preserved. The costs cdntinués_ to just bafore _'t'l'}e '



| apex of the wing, at vein Rg,s. Four veins (S¢, Ry, B
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- and  R3) 'enter the costa . in  the - anteficr- margin. No

' halteres ars p:_ase':ved.-

ABDOME'N.' ‘The abdoméﬁ is short ‘and stubby ('1.ﬂtu1_1: “long), with
approximately eight compacted segmem.s, whif_:h end _.-bljmi':ly.

’.l‘he genita.‘l.‘l.a ara not distmgu.ishable The tergites ‘appear

to be completely separate from the sternités, and segmental'

diwsmns are relativaly distmct between -the- tergites,_ but
-laa 80 betwaen the sternitea. E - o

7.2,10. SPECIMEN 10

A emall, rather dalnty specimen, BP/2/26238 (Plate 13Dy Fig.

63), measuring 3mm in total, preserved on red. mudstone - as

‘a lateral ocompression- (wmight side upwardsh = 'Althou.gh the -
head (with portions of the antennae), thorax (with both

wings and  all six legs) and_ the abdomen xemain, fine
| details (particularly wing venation), eve not distinct,

HWEAD. ‘the head is Einy in com’par.i.éon to the thora.x"and

_abdofuen._ 1t is hraader than long . {0 22mm X USBmm), and

. somswhat e.'l.'liptica.l in - shape, the - darﬁal ‘side a bit more

rounded than the distmctly pointeﬁ antem-—ventral region,"

where the mouthparts are situated, . Detafls of the  latter
" are not di.sderniblg; ‘A - compound eye is observablg, 'it
does not reach . as far as ‘the top of the head, and the

_specimen is . therefore aichoptic. The distal. portions = of
both the left an.d nght antennae aze = visible, they are
much lonqer than the haad, and. appn:o*’imat:ely equal in



142

) '-'hngth-to the thorax (o'szmm)-,?.:_ They are Inng and - slender

'consisting of an unlmown numbet' of elcnga{.ed flagellomeres, '

these are at least twice as lon as they are hread. .

~ THORAX.. 'Ifhe. thorax ds - raiatively _ sma]l, R -éuﬁrouﬁded- and

measures 0. 65mn x 0.59mm. _- Only the scutum is disttnct, and
I cammt identufy any other segments with confidence.

Legs' all six legs .are long .and slender, longer than the .

head, _thorax and a.hdomen conmbined, 'I‘ha “longest leg, one

_of the hind lags, measures 3.39mm in length. M1 indindual‘ '

-segments are _slenﬁer_ axcept for the s]ightly thlckened
_ femora of the fore, middle and hind legs, and the dist
ends of the _t'f.biae.. ‘1?he ' femora of the hind lags
nearly twice as long as those of the front legs; the mddle

legs ‘bave femora = of intarmed:l.ate length. Delimitations
between tarsal segments_ are not clear, " nar are the -

ex&emities of tha fore tibiae.

Wings: the wings arxe long. and broad (2.32mm x 0.89mm for

the 7?dght wing); they do not exceed the  abdomen in

length, but thelr rowided ends ave exactly in Line with the

~end of the. abdomen.' They are hyaline without trace of .
pigm_entation. Vanatian* the costa,. C, does not reach the
apex of the wing, but dissppears in the lsst quarter. Se

is long and stzaight, ' curving anteriorly omly at s very

aistal end, terminsting in the costa dn the distal third of

-the blade. it is parall.el tn g throughout #s length. The
proximal pnrtion of R is m:ssinq, hut the distal part i

‘also lnng and straight unti‘l. Fust . pr:.c:r: to its anterior -
_onrve inta the cosl:a. Three branchas ems_, frevs R, thay .
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are all parallel to  one - another, - and  head towards the -

postero-distal margis - of ~the wing. Thelr' idemtity s

uncertasn, and: _ it is also not known .whether they are

complata. - 2Cu is '_al.éo pa:al‘.al to tb_'__..-;re. three braﬂohes and

also 'disappears befm:o _'re'aohing the margin. T do not know

whsl_:he’r the vanation is reduced or badly preserved.

ABDOMEN. The _ahdomen " is long and slanﬂer,_ .apd - measures )

2.16mm. - It compz.ises : appu:'oximately . ten . segluents" the
delimitation between- the first seg-ment and the distal side
of the thorax are _difﬁcul_t -to distinqu:l.sh.‘ Tha th:lrd

segment is the longest and broadest, whereafter - the abdomen

narrows prograssivaly until the tenth -segment _ which expands

sligthly forming a xounded, biunt end. The genitaliz, I".l_ere,

_are not discernible.
7.3. PISCUSSION

I have been able to suggest families for two of the ten

specimens. . I have only bean able +to describa the other -

"'eigl'.(t. What I am ‘sure about is ‘that the ten -sperimans

are- from a number of diffm.‘errl: famil:l;as. They _ndicate

__that the - dipteran fauna of Qrapa was extremely varied.

?urt_hem‘ co]lectl.ons may produce well- preserved spec:.meus
. which, on the bagls of comparative morphology, will  permit
some - of _these . speoimans to be placsd - in famﬂ.i.as with

.conf_idenc'e.' _



CHAPTER EIGHT
'FAMITY BIBIONIDAE

‘8.1. INTRODUCTION =, ° - | *

In this . chapter, . fouy __"mernha':s -of  the _Bibionidae = are

 descwibed. Of the entire dipteran fauna these wera the
only specimens previously studied {Rayner, 1987). I wish to
' redesc:riba the specimens for two reasons.  Firstly, my study
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woul_d be incomplete _without them; - indaen, 'h'aving four -

. representatives it s the second 'laigest fg.m:ily prasent in

the Orapa deposits (Fig. &8). 'Second_ly} . my de'scr..{ptions'- and’

'ﬂ_].ustration_s .are more detai‘l.ed than those in the pr'evic’ms

.inv&stiga.ﬂ_.cn. I hava also andeavnured to key out the_

‘specimans further than was ‘done - praviously and, as a

conséquan_ce, I have had . to asm.gn them tn a new genus

and species. All four specimens "belong to .the s_ama.

spacies.
© 8.2, DIAGNOSIS AND DESCRIPTIONS.

Tnfraorder: ‘Bihinhomorpha '
supﬁamy: Bibioncidea

Family: Bibioridae _
sﬁﬁfé:ﬁily: ?Bibioninae '

Ge‘rms' Cr:atobﬁhionida gen. nov.’

B z_g Species

' .Cr_atobibionida, anticus - gen, ek _sp.'_ mv., ~with | four -

representatives (Plate 143,8,C & DI; Figs 64, 65, 66 & 67).



'Tha speca.mens ire preserved on grey" mudstone, spai:imens ‘I

(BR/2/22454) and 2 .(Bl?_{2{22453_) as. ventral comprassmns and .
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'-_Specsmens 3 (B/2/22455) ana 4 (5P/2/22456) as Intersl

comoressmns. _ S - o

Da':ivat:l.on of g neric ang spec:fa.c ep:thet

Frcm_uatin cn:‘eta'a chatk + Bibiomdae, and anticus = old,

a.nca.ent.

Diagnosis for species | |
Medium size, 3.2-4.8mm. Head: antennae short with shart
_crowded flagellomeves, blunt ended; large compoqﬁd :eyes._

Thoraxs ~ pronotum well-developed with lateral - emlargement; . '

scutum conspicuously raised, dome-like; seatellum ama.ll, legs:

hairy, halrs short and dense; tibia with apical spuzs; -
empodium and". pulvilli strongly developad. - Wing up .to . or
greater than " 3.4mm; fairly broad and long, appro:d.matel}g':
equal to length of thorax and abdomen 'cméd; .hyaJ_:i.ne_
|  with .'Et;i.gmata on tip of"R-j -ﬁ'ing 'vénation: c -extending

"bgyond 'R;,,‘ . two-tlﬁrda of the way to M1, ending near wing
tip; S¢ thrae-quarters of’ w‘ng 1ength, ?c:omplete, R with two
branches, R -and Rg,g; Rs simple, Rp,; absenti Ry, Raus
.and_ M strongly developed, - t:d_ ‘a léssegl:_._ 'exr;ent:. Ry
extending sho:tly bayond Sc; M with two baranches} M.,' and
Mq; d absent, br and bm closed; br lcng, one—th:lrd to half

© wing length; bm long, Otwo-thirds wing length; m; and cup

oban to - witg wmargin; r-m absent, Rs Jjoing M at point of
origin of My, apd Ryt bm-cu at fork of My abnd My

-extra Jongitudinal vain between M and Cod; My, My, CuP,

'{_:‘.uA1 and Cunz waakly developed' CuA1 and Cuky extending



'-'_tn margin CuP lies along side CuAZ f_ar two-»thzz:ds of its

length then. - disa.ppaa_\"s, cubital cell__ wide 'open; A-l weakly '

- davelaped, appears not *-o 'reaﬁh vlzief nargiﬁ; Az absent,
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anal ' lobe undevalopad.'  Haltar: sma]l, rounded Jmob, very

narrow stalk. -Abdome.n.. ln faﬂy stout, mmeﬂ ventraily

| aistally; welt developed tergites ‘and sternites; tergite  nine

reduced, incorpca:a.ted in gem.ta:lia. }?er_na;e genitalia: eighth_ a

sternun  divided inte two. plates, obtues lcbes on inner

margin; two loiy oval cerci enveloped laterally and

ventrally by terglte nine. Male gen.ﬁ:al:l.a unknown,

' '8.2.1. SPECIMEN 1

' The specimen, BP/2/22454 (Plate 14C; Fig. 64), measures

appro:dmaﬁély 4.5mm  in - length. ~The right wing is betber
preserved ‘than the left; they meamure 3.4mm and 3.2uuﬁ i

‘length. respectively. Both wings are inuamplaté, with = the '

posterior and proximal sides of each missing.

HEAD. No features ars distinct although Rayner [1987) .

indicated t_hé posit‘ion’ of a co:ﬁpound eye, I £find t_h‘.'s'
" doubtful (I interpret this structure -~ as the left front

femur). - No ocell are distinguishable. The antennae axe

-sh'qrt' _ with s_hm:t,". éompacted flagellomeres; the number of

flagellomeres is not diseernible.
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‘TRORAX. It is large, robust and roundad. _ Only the. scutum o

‘can _bé- diatinguished " with certairrty._ It :s large and -
- strongly arched., Four légs are preserved {two ‘hingd and

twg front légS) a.mi the=-'e are mcst..y j.ncomplete Legs ave

fairly stout, pari-_cularly tha femora . The femora of the

front leqs -are especially swol‘l.en and these 1ags have vecy-

‘short’ and broad thize (RFL), ".'r.‘he tibla. of the :l:ight ‘hind
leg is near:ly three times this 1ength. Nc t:.bual Spurs have_

been abserved on this 5peca.men. _

_W_ings: completely hyalme excapt for the ptercstlgma near
the distal end of Ry. El.fhe_ costa _:|.s th:.ckened unidl beyond.

.R4+5. Se -a_\ppears' to be compiete_ and reaches the wing
mafgin_ half way along the - wing's length; it is - weakly

_developed especially its distal end. R, reaches wing jargin

' two-thirds of the w:'.ng‘s lengt.h alcng‘. Re is . unbranched,
its  erigin is also hal:E way along the winq 8 lehgth. Ts
joins M wh_aa:a M1.+2- and Ry.p oriq*_’nate._ M4 427 "My, Cuhy,
and Cuhg are .preéerved iﬁcbmplétély. Haltéres ‘are missmg

ABDOMEN. It s falrly stout Ehroughowt its length. It

harrows - only slightl} betwsen segments one and two and at

segment _-_aighi:. The - abdomen Is . somewhat ﬂattenad dorso-
ventrally, It . probably consists of n:me segments of which
_the ndnth - is var:y smalL alterad and incorparatad as parl.':'_

of 'the genitalia, - The genitalia “{Fia. 64 -~ see insefi:)_ _

- resemble those of a female, The ninth  tergum extends-_

a.round ﬂle sidea and . the ventr:al portion of thae genita]ia

‘I.‘he r:erci are latge, elonqa.tect ‘and oval . in shape .and are .

‘st least twice as long s  they ave wide. The eighth



stér’nﬁm- 'is " divided into two ‘large, . rather square, ' plates; -

‘with the inner: 'naruin ‘of the left plax.e with a 3.arge obtuse

. . lohe at jts ape'x.

"8.2..2.1.SPECIMEN_ 2 _ _ _ _
‘The  specimen, BP/2/22453  (Flate 14a; Fig. 65), s

148

“ appz:nximately 4 Gmm in length. As the head i folded -

ventra]ly and s partially obscured th:s measurament may'

not be qu:.te ac::urats and ahcmld indeed he longer. Both
_mqs ‘are well preserved although, as with all ‘the others,

the basal region :i_.s. rn:iséing.' The left and right . wings' .

measwre  3.0mm and 3.7mm  respectively; this mea_sure'men_t_'

showld also bs longer . considering the basal region is
abzent. .

" HEAD.  No fe'a.tuteg [mcludmg the compound eye noted by

Rayner {1987}] are d:s.ceruihle

._THORAX. It :|5 large, ' robust and arched, The possible

: 'pc.:ait.iom ofthe grunatum, prescuiim, 'sc_:ut:um '.and 'Scutejlﬁm'
are inﬁi;da:i:ed on ‘Fig. 65. Le'gs:. 'aﬁpro:hihately- three_ or
.four relat!.vely gtout - 1ags are presant (e. . tha stout right
hi.nd leg, pa:i:iculazly ‘the feutu.r, and,” the leg a::rowed a’c'
the center of the speciman}. . 'On  one ‘of the _egs, the

tihia is z.n:oduc:ed apica]ly ko form two 1arge spurs. ‘Five _

ta;s.a-l' seyments are discernible  on this same leg. I
belave this is the front leg with the femur positioned as
indicated in Fig. 65. ' e

 Wings, venation: hyalme except fc:r stigmata at distal end
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of Ry. € is thiened to  wing P, beyond Rg.p two-

tb:irds 'of the way tﬂ My, _I:_'Sc appears to be nearly

- complete ar :Lndeed complete; .R; ends ia 'tha ‘margin  two-

.th:u:c;s o:E the wing s 1engt!1 alonq. Rs iz un.hra wcied, Stam

of _344__5 originates’ _d;l.ractly at the crig:m of LN -2, Rs ends'

where Ryps 2DE Mg .5 a:l::.se, crossvein 'r-m . 15 thereby
obliterated; 'there 'is an extra longitudmal vem between M
and Cup; it ends just .a lLitle posteciorly to the fork of

My,g- My,p branches once, into M, and My, at a paint in

"line with the -.pte!;ostigma". m—-cu. aiso originates at th.'l.s

point and is recuzrent. CuAy and CuA, Teach the wing

‘margin.  CuP lies along side Cuay for two-thirds of Hts
iength, then disappears. ~ The  cubital ‘cell is  wide bpé.n._

A is present but weak and grobably does  not reach the. .

 wing margin. A hslter is present it the base of the wight

wing, it iz incomplete, Ie comprises a small and rounded

 knob with a very {?long) narrow stem.

| ABDOMEN. It is large, robust, and  narrows d:stally to a

rather blunt .and, . The’ abdomen cm:vas ventrally a.t its

gistal end. It comsists of ahout nine segnents. The

'geru.tal'ia compnse the pame b:l.'l.r.':sa.te atructures sae‘:l in . the
.previous .specmen,-_ and - these gr:obab]_.y regr:esent a pair: of
long,. slongated ahd oval 'ca;rci Aindicating that tha specinen
s an adult female. = Additionsl details were not discernible.



B 2.3, SPE(Z[MEN 3

g _'I‘he. specmen, BP}2!22455 {Piate T48; :F:i_.g'._.'éiﬁ-},. measures
4.8mm  in 1ength. Pox:ti.ons uf' ‘toth - wihgs a-'z:e' : t_\:_r:e_sérve& E

a_thﬂugh poo_ly so- the right wing is the most ec i 'é:a and:

'measures | 3.4mm . in 1ength Portions of '_ fom: legs . are

1:,Jem=.-se:c_ver:1.j )

HEAD. The head is somewhat eiongated, but distorted. The
cumpound ' aves _are' faintly visibla -!:_lut_ the di.“'.:lﬂ."‘-e_

. smparating .them is not clear, - ' No ocell are discerm.ble

_Thé - antennae - ave -fairly . 5hort ' w1\_ ) -ahcrt '-_-a.nd crowded .

ﬂagellomeres, they end bluntly. .The n ._..:a:' of "flaga]lbmeies
s not knom. ¥No palps are vis.!.hle.

© THORAX, ’I‘hé’ scutu:ﬁ' is conspicuously ralsed - and -dofu'é—iike.
The possiple position of the pronotum (with lateral
ehiargement), 'gr:éscutum : .and' stxtellun - are: indicated :Ln _.Fig.
© B6. ~Legs: the.y. ars hairy 'é.nd _th'e “taxsal | .se'gmenfs

particularly, are ccvel:ad densely  with ‘short hairs (see Fig

is0

"{E  in  Rayner, 1987}, . The légs  are fa::rly_ - gkout,

' _paﬁticularly. the femora. _The most Emrcﬂhn femora -_a're_ thase_ :
. of the two fromt legs.. - A single tibial spur  can be

dmﬂnwﬁshed on each of the two hind legs, tha laff front

. leg however_ displays two Spurs . on the tibia. I’ive tarsal
segments are visible on each leg. : The - st segment e
about twice as 1ohg _as..tha_' others “with “the excaption o:E".
the Fourth; this' s_égmeﬁt.' is much spallec. than .I segments .t:wo,:

three and. five. The émpuﬂiu_m and pulv:.llt. ara -_st:onglf
developed (alt legs have certain portions ._ of thesa
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structures}. 'I'here a.re fwo dist"nct claws visxble on the e

-_'leg emerging from under the head. _ _
Wiugs, “venation:. hyal'!ne except fo* éﬂg"m. ‘at the Hp of
“Ry .: : c -thiékenad_ to wing 't:l.‘p, neaz‘ly tc: M-I' “ {l=fk -._qé.ng).

Sc weakly developed, paxt:!.cularly d:stally. . Se '_appeérs to
" reach wing margin ‘and does s just ‘prior to stignal Rs

.joins M where M1+2 and R4+3 priginste. ‘Portisns of 1-11_,_2,

Mg _Mz and Cuﬂ-l aré preserved.. The fork. of - M1+2 is at
_the” same point where m-cu joins; in- __]_me with +tip of R1. _

. ‘ Halteres are pdssing, -

ABDOMEN. It is stout, teapering d:‘at_ally -té ‘a Fairly .'pointeii_' )

'ena, with seémaut five 'be:Lﬁg the hrgést _ There are nine

) tau:'gites and snernites whlch are gll weIl develaped avmpt_

ter:gite nine whir-h is ::aducad. The geni::.aha wh:l.ch are

seen from the side, do not have idsntifiable details,  In

genéral appearancﬁfs however, . they differ from those in 'th_e

ct:har three spesimens  in that there are no larga oval

appendagas, instead, there 1s a rather square structwre of
unknown identity (7possibly a clasper: -In addittdn, ta&g:‘f.e
 nine is. ot reduced dau:sauy _{and._ med_ié.l‘l.y}., and, * the
gonital structures sre diracted .upwards, unlike the other

. Epecimens.

 9ne specimen, BR/2/22456 {Plata 14::, Fig., 67), is. 3.2mm dn
length.. The :l.ght: wing 1a the most complete, and measures
approxinately  2.2mm; the left wing . is incomplete. The te

.ﬁp_ecimen overlies another '_ insact aE_:un_k_nown idertity.



Cois2

HEAD: The head is rounded and has two large sepavate

: éompound éyes ‘which neaxly meét'_atj the  dersal’ mi'd}iu'e_. ._ No

ocelli ara distinguishable. The antepnae are faidy shozt,

.and the flaqellnmereé are * short an& "campa.c'i_:ed.':'_ The

md.widual ﬂagallnmeres are nct discernahle Tha- antennae

are apptro:d.mately U.Smm long. The head overlaps with the -
two. front legs .and therafore the mouthparts are. not_

distinguishable,

THORAX. The thorax is ropust and rounded. . Only the

dorsal segments é:r:é distinct, that is the prescutum, scutam,

scutellum and mediotergite. " The ‘pronotum ‘s well dcave:l.nped
_ with psr:omnent 1ateral. enlargement, _the scutum i

conspicuously ralsed and dome-—l:l.ke, the scute].'l.um is small.

Lega: all legs bt particularly the front legs are si:cn_i:,

the front legs also have enlaxged _fema_ra. " The ‘ibiae are
-with tibial spurs (RFL in Fig. 67)..

‘The front t:l.‘biae are short in compariscn to thcsa of the o

?hind legs. N
Wings. Hyal.me excapt for pternstigma near dist.al end of Ry.

€ ds thickenad to wing tip, = about mo-ﬂaizds Cof  the

distance to Mj. Ry lé; parallel to the costa, it s ccmplete
‘and -meet.a the wmargin at the stigma or pigmant _spc:_t. ‘Bs is
present and emerges approximately half way aloﬁg the ' leqétﬁ
of R1, it joins Ry.x at the same point where “1+2 leaves,

My, splits once, inte Mq and My, :ln Iine with the stigma. -

Ch:cs__c_sve:m xr-m is ‘absent. Cuhn] is ouly faintly - pmserw:d, it
curves postar:i.orl.y" at a p_bint in line ._wii:h the - _st‘.igma.
R445 15 complete and ends in the costa just prior to where



the costa becomes thinner. No halteras are distinquishable.

ABDOMEN 'I't is - relativei; stou:t aﬁd consists of mnine

'segments. The ﬂfth tergia.e :Ls the 1ongea bro=§es" and'

. largest, prmr to ' a.nd after eegment f:l.ve,' the - segm_ents :

progreeswely LAZLOW and sl‘xorten. Segment nine : ferms pext
of the gen:l.ta]ia. Tk s extremely narrow dorsally, wideninq
medlally and extending around the gem’&ﬂ:l.a ventrally. - The
gerdi:al sc_ructure dppear . to be thoze cf a femallser there

are two long a.nd oval 1ohes, the lefl: only just vis:l.ble
behind - the ight: (as this i= a side - view). T i:nte.rpu:e_t.-

them as a pair: of cerci as descn.bed in specimen 1. They

curve towards  the wventral side of. the ipsedt. At the tip

of - these lobes  are three Sti:uctures-'_"which I can not

identjfy. Perhape they are emerging, or cHnging eggs, or

perhaps e\ren pollen grains.
© 8.3. DESCUSSION

Bizloay = | | __
‘fue family Bibionidme consists of about 700  species

| distributed troughout the world mardy, 1981), of which 77

.have been recurded f:.om the Afrotropical Region {Hardy,

- 1_960)' Hardy {1980} predicted that " there _ere ma.-ny more .
howavar, . maybe up to 150 und.e'ﬁcr:ibe'd species - Most of the
| Bibiomdee are found .in the tropics especially Blecia. CIm
'souther:n Aﬁ'j_ca, the majarity are fmm the South Wast Cape,

. and somewhat fetu :Ln tha Eastern. Cape.



Two subfam_'h.es are rapresanted in tha Afrotropical iaagiag,'
"_n,:amely B:l.bionirlae and  Pleciirae (Haz_:dy, 1960 _-& 19280}, Imn

the Nearctic Region -Hespeximae- is aise -pres'ent,'”but .it'_ is

only 'reﬁresérxted by a single germs Hé.aga’rmus' (Ha'::"dv, 19813,
The Pleriinae are _poorly repreﬁented in South A:Euca., w:.th
anly two species m_ the-genus Plecla-{Kaxdy, 1960 & 1980}.

' .‘I‘h:l.a genus is, however, well represented elsewhere in the
Afrotropical Region. In the Neartic Region the Pepthetria is |
another genus . of t'hjs subfami'l.y. - '#n the. Bibiominae, the

genug Bibio ds tha . best mpresantad m, South ifrica with

'n_:l.ne_ known species - (Hardy,-. 1960 & 1980}); thg genus"
Dilophug (previously known as Philia) is the mnext ' largest

with 'five spacdes (Hardy, 1960 & '19.80)'. Bibiodes has not
baesn found in the Bfrotl_:opical Region. - '
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The Bibionidae are herhivorous and are known pollinators

C{Colless & McAlpme, 1970; -Hardy, '1930}. Far example,
adults of g arn fraquently found on - blossoms and are

seemingly mectar feaders {Hardy, _ 1980). " Thair ample
__presence :l.n the C:retaceous indicates that . thay may h...ve
. been :I.mpartant polltnatars of some of the Crapa anmosperms

Interestir_xgly, living =Eibionidae form important prey iter\as of . -

carabids (Coleoptera: ' Carabidae) (McKsy, . pers. comm.} and

empids, both of which have been found at Qrapa.. P;ecia

_ and Bibio reprasentatives axe known to hover m large
:'_swarms consisting ma.in].y of males {Haxdy, ‘1980 & 1981}.

' the Nearct‘i.c Region swarming is most common in spring, when.

mating - occurs;. this indiaates sssasona]aty. : I.arvae cof the-_ Do

_Bibionidae = are - mainly scavengers on  decaying . orgamic
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materia]s in anJS rlch in hmms and amang rcots of grasses' o

and - other plants, manures, d_ecaying .;l.ea_ve__s_ and fore;_st_ lﬂ:ter
{Berdy, 1960 & 1981; Colless & McAlpine, 1970). Most

" adult species inhabit forests (Colless & McAlpine, 1970}

- Identification | o |
fn ‘an attempt to classify .the fossil Bibionidae from Qrapa,
T have looked at much of: Hardy's work (Hardy, 1948, 1949,

1950a, 1950b, 1951a, 195ib, 1952a, 1952b, 1960, 1961, 1962,

1971, 1980 & 1981). OUnfortunately, Hardy's keys concern
" mainly cﬁlduration _arid' _.gen'i_t'al ‘piructire of "'s_}_:'lacies "and not.
wing venation; this has made their vsefulness in tems of

these fossils limited. His® key comprisimg other gross

morphological features of genera (Hardy, 1981) is the main

reference used for identification.

.' The "Bibj.oninée. and  the P.lém'ir_:ae. . have’ compacted
fla.gélldmerés, and thelr antennae : are 'Ehefefa_a:e faidly shr_.m_:;'
" The _'Hesi;\ea:ininae on the other hand, . have long  antennae -
with leng indlvidual flagellomeres, Since  the Orapa fossils
' ha‘qé shoﬂ:t stubby anﬁan_#tae; I do not cohsider them members _

‘of the Hesperininae.

'Iﬁ. tha Pleciinag and’ Hesperininaa- Rs' is brénched -$o . form
R2+3 and Ry,s. 'J.‘his is not  the casa in the Bi.‘:lioninae.
‘nor in the fossil speeimens, where .Re is unbxanched andg -

only R4+5 is- present. s tha hranching of Rs is comsida:ad

an. :mportant diagnosi::l.c character in the diatmctlan batween
'theae subfanﬂ.ies. {Hardy, 1981}, the four _specimem - may . .



"belong to the _B:'.bidninaé._' Ot.her venatl.onai features of the

- fassils, howet"‘er,l ﬁaga*._fe this,

1586

"Cénsideziﬁg the Bibloninae  only, - further  identification

involves the chapacteristic Eibize, Bibiodes and Bibio have -

-the fore .ibiae produced ap:ncally o form “two “arge ap:.cal-

spurs, - Ditophus has ' a J_:ing of spines .at the apex and ona_' '

or two seks of spines. above the apex of the tibiae.'_ The
fossils -bave  distinctly preserved spurs on three of the _fuur_:"
specimens, which indicates. their affinity with ths. former two

g:r:bups.

The reason why I can not directly placa them into either

Bihio er: Bibci.odas is that. the fossil wings' ‘have one basic

"'--hut very characteristic diffarence Erom »aither genera, and

wvarious . other :.ncons:mstencies. Unlﬂce the two_ exl:ani:'
_ gena:a, the cr:ossvein r-n in the f05511 w:.ng is missing and

therefore Rs ends at a po:l.nt coinc:l.ding d:u'.‘ectly with - the
'ongi.ns_ of - veins. R4 w5 a2nd _M1 33+ The only specima_m with a
shortened r:rcssvain r~m are B. ipe mbepsis (Hardy, 1952a)
and B hortulams {Bacdy, 1950b),  but, indesd, in no
"specimen is it m;sm.nq ccmpletely, tZﬁs féat:ure ig not found

'in any mndarn spec:.es._ As it is a . rather d:stinctive and -

anusnal character uniq._ua_ to . the. fosaﬂs, the specime

warrant ‘placement in a genus of thelr own. Another -

E p_aaulia:d.ty. of the Orapa' épecin‘tens is that Sc appea:s t:o.
be éomplel:.e; this vain is mcompleta in Bibio. and Bihﬂ.odes '
bu:t: i ‘a character cammon to - all tae other subfami]:.es .

_‘I‘here is _also an extra, weakly developad iongitudinal - vein



- 457

between ® and Cub; s folst of urigin is unknown but it
énds'ji;st postezior to the <ork of M«+2 {snecimen 2 only,

left wing particmlarly - implying that it is probably an

. abexration in the venmation, an .ocdﬁ:i'énce common . througtiout

-'the Biptera} Most interestingly, a trait also unique to

._the ‘Orapa Bibimmdaa is the length ccE the c:os'-a, c_1s:

Icnger tha.n in any ch the extant members  of the family.

In moderr:n B:.b:.onidae, in - the genera Bihio and’ B:Lbioaes the =
casta ands ‘iust beyond R4+5. In other groups {e.g._ Ple.cia .

_Dﬂ.ogh » Hegperinus and Penthetr:.a) the costa &xtends to at
' .least about. a third to half way alopg, betwean R4 +5 and
MJ. . In tha fossils, wheve the tp of the wing . is
- preserved (specimens 2, 3 & 4), the costa sﬁeﬁches two-
thirds of. the way between Ry;s and m1. " - This marks the

specimens as “ware primih.ve or plesiomarphic than its extant_

ﬁaaendants. It was - pa:evmusly noted (_chapl_:er 5}, .and

--reinforced by Ennos (19891, that, as - the dipté.v:an wing_-

evolvad, the leading edge {(as well as the othar Jnngitudinal
veins) shortaned  Also, the hbasic venstional elements (far

_examp].e the bdfurcation Qf the media} were bmught nearer

‘l:.ha wing base creatl.ng l:mger emmiting vea.ns, ‘and, allovﬁng o

for greata: ventr:al flexion. . Changas in. m.ng st:ucture m

flies {hand-in—han& with changes in the thorax} have -been'

very imporcant in the avolution of i:aster, mpre manoeuvrabla
‘and _more preciaa Elight '(Enn.os,__' 1989). I wmeasursed the
position of -thmé ' venaﬂonal "eleméﬁts with respéct to the

length of the longltudmal vams em:.tted but. found that:,'

with the _exception of the - longesc copta., these rat:.os wara S

‘l:he same as thoge in modern fm:'ms



" Strangsly, the . genita]ia of the ﬁosm..s (i;pecimens 1, z"& s
g nai:tiémlaﬁv) resema].e those of some. moe!ern Plecia aspecms,\

wh:.c‘: possass two l;;:ge :ound r.'erci a reﬁuced niw.‘_h ..ar:g::m{" ’

'__'anr:l an eigI'th ste:r:mm comprising tw:: piates which a.::e paid

to functon as egg guiﬁes' (Hardy, - 194& . 1952}:},;'"

Hoﬁever, nona has mtch enlarged and eloﬂgated paix:eﬁ mbes -

"as those cbsmed in the fossﬂs- :

The cdnfliéﬁ.ng evidem:ia' above 'seams tcs' pain'—‘* to a possa.ble
" need for er:ecting a rew subfamly as’ diagnc:atl.c churacte:r:s

of Crebobﬂamnida ' ant::u:us are - e.t{:heu:' indica,..ive _r.:f-

'affﬂiatlons with more than ons subfan‘:lly or - are entirely

um.que, or pr:.mitive. The .new subfaudly would, - a a

consequence, xepresent ‘an extinct group.

Fossil Re;Eesentatwas

".Ehesa four specimens are the first :Eosml Bib.wnidaa from

Africa . and they are _alao the n!.dast ever found. ' The .

earliest  identified Biblonid prior to the Orapa find is

Plecia  myezsi. Peterson From Canéd.ién _ amber of upper

Cretaceous - age (72-73 Myr) (Peterson, 1975), . Except for

“this record, all fossils definitely known to belong tn this

' familty are from the Cainozoic _eza.' From 'l:he Te.rt:lary ara'_--.-. .

- a 1érval 'b:i.big'mid from the Eocene (I_ian:'ls, 1983}* some

Oligocene 'reprgsentattvas 'tLeéwis} '1971; Rice, 1959), Plecié -

pristina - from  the Ongodéhe—mocen'e bounda::y m _ Ma:d.can

~ amber {(Haxdy, 1971); mpxesentatwes from  the mj.ocena
'(Jaﬁ:es_, 1837); and a bibiqnid_ __speciman £rom s_j_bgﬁ__an_ -amber’.

~{Spahr, 1985).




" CHAPTER MINE

_ DESCUSSION -
$.1. INTRODUCTION . =~ =+

My interast in the assemblage of fossil Diptera from Orapa

~ has cenﬁf’ed- a.rouxid them as" onca;]iving m:ganisms; - Taxonomy

has - inevitably beﬂn a major part of thia study, since it is -
| wital. to name and sssess the affinities. of specimans before -

' © any progress. c.'a_n be made in understanding thelr h:.alogy. N

In the. following . section I-'.sha_ll' elaborats on ny taxonomic
_ oheervations, and -place the specimens in thelr  living
context. Ic 4s first hécessary ~to “appreciate thow the

.Dipi:_eu;'& became fossilized,
9.2. DLPTERAN PRESERVATION AT ORAPA

‘A fossil Diptera From Orapa are coalifiad’ compo:esaions, with
parhaps the exception of the rhagionid} ?tabanid The

specimens are entirely two—d.imansl.onal as yesult of burdal in -

a - fine—-grained, . highly ' compa:essible T ma.tr:!x_. The
" rhagionid/7tabanid. (Chapter 6) . displays .somé rellef  as a
-result of bu::lal in a  coarss matnx which is less

. compressibla, and  its organic matter appea:s to have heerx _
at least partlaily o:n.dised. - In adélii:l.nn, this specimen w_a.s'
'found at 'a higher eleva.tion than the others, and’ way be

less comp:r:eased for this reason.

.The larvae of tha Tipulidae and Ceratopogonidas (and othér |
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antmals besidas .’msects) axe known to leave ‘traces in

se&:ments (examp-lez..in Moussa, 19704 Ekdala'é' Plcard, 1985;

1-1etz,. 1987), -bu!:,' even-- é.f ter cc;re"ul mvat:gat:.on o:E the'

Oﬁrapa_ sedimcnts, we have fa.mﬂ no evmence of such tcaces.

_Indee_d, no. larvae at a3 ha.ve been found. __This.suppa._rts.
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.the ngtion that the Jake waters were .mhospmabla' to animal

During sedimentation specimens come to re.st in a posf;mn in -

which | the:u: centre -of grav:ity ig J.owest, and the:n.r sfluctest

ax:ls _ Js vertlcal {Wa.]j;on, 19386}, Therefore, the most
e-xtende_‘.& surface will be parailel &o the. bedding plane..

This ex;ilains clearly why all Orapa _Diptera were preserved

. lengthways, . lying eitha: cm. ' 'Eheia: dorsal, ventfal or lateral

sides, but never with the::r: ‘anterior ot poste:dor sides

facing  upwards. an'._ spac_:nens have been found - in

éoisoniﬁg); rather than a struggle to egcape entrapment.

Soft ﬁssues such' as .I.egs,. éntannaa a avén abdomens‘, ara

oﬂ:en presemt on_ the Orapa fossils {even the softer—-bod.‘!.ed
insects, such 25 .a whole aphid, ‘have been  weserved),

" Bmong _ma_ny possible 'reasons, this may be a yesult of rapid
- anoxic hnﬁal, leaving little time for destruction by physical

Car _ chemical  agents - and é’:_:pqs_ur& to  scavengers or

decomposer orgamsns._ -Fos:a‘.‘lisation,' ':{ikéa bural, was thus

rar.u.d,; The prese:vat:.on of fine stxucturas ifor example the-_
_chaetataxy of many nf the Diptera) may indicate a lack of
_'transport away zrom the m:iginal :_L'_I:Ee-setﬁng, _ which sugqests

i cc_mto_rted'_ -positions, 'indj,_cating ‘& passive death (_perhaps from




'.that the f]ias resided . ia, on, or near the crater lake and

._.ii:s z.mmerhate penmeterv ie. . 'the_ preserved fauna ‘was mainiy

‘of & local crigin.

9.3. FORMBTION OF THE ORAPA FOSSTL. ASSEMBLAGE .

The co]leci-'_ion of fosSils from Orapa is large and di'v.e.rse.._._

_'.l‘he D:.ptera, howe* ar, form an :m'lportant pazt of 'thoa.

o assemblaga in terms ) of numbers - of specimens, _a]q.ty- of

preservat‘tcn- and hiolog:l.cal mpor.tance.' Diptara. at . Orapa

are ]j:nlted ‘almost entirely to laminated and unlaminated
‘shales in the centre of < the sedimentary besin. This-

suggests that the drgan:isms were nci: transported into thF
lak.e by mud’ o:r: debris flowa, but flew there.

2s certain plant and insect fragments ' are conél.stenﬂy found
together, and since bural of material or deposition  of
' sediments was i‘apid, and transportation ‘mimimal, ‘1 ‘sudgest

fhey were once park of  the . same- hiological cominun:ii:y._
- Indeed, thare :ls evidence that li.ving carahids faed on
.b:.bmnid and other dipteran. laxvae [e.g‘. cﬁatopdgdnidae' -and
Culicidae {Downes. 19’?8}],' _and some_ enpids ﬁrey._on_ bibionids
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and other Diptera (all these have been found at Omapals I

suggest these associations had all been established in the.

Cretaceoué. In additinn, T hﬁve a]ready men’d.oned th=
'possﬂbmty of some of tha Diptera. acl:ing as’ pcﬁlinatcrs.




. 9.4, 'THE PATAEOENVIRONMENT OF ORAPA -

'An added bonus ::mm ‘my a.nd ny co—warke:rs sl:udies is that

‘the f_c.ssﬂ_s allow a ﬁarly complete_ reconstrucf_on of the

palaaéenv:ia:onment of Orapa. The lack of laxge . leaves

{ angicsperms ‘and yymnosperms) .indicates that fdre_sts.- were

not .'prese_nt'_ in the . v (Bamford, 1989). The dinsect "

_fa.ir'na,' for -e#ampla, some of the do; "_opta:a chKay, 198:7),
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and parttc‘ularly some ' of the Diptera, however, indicate that

there must  have besn a lush (?non-forest) vegstation in

_ the crater for the insects to have bean ahle to ccmplete

) _therr: life cycles at;d reproduce. The abunda_nce. of D_.'Lptera'

w:i:hin the fossiliferous sediments reinforces- this, since their
larval ztaq.es Cin : .particular are dependent on wet a.'nd
vegetated conditions. I suggest ‘“that thsre were forests in
'_'t]:'ae. .araa,. - but . these were d.tstant, ‘and  were . unable to
_ cbl_c_mi’sg the ares within the cratéf. ' '

9.5. SPECIES CONCEPTS'

‘As once' living" "Drt';ah'.isms, " these Diptera were membars of -

' genetic species They highlight, for me, t'h.e major problenms

of desiling wikh foss:ll tEI.Xm

'I-alaéontologists 'aef_ine. ' f.hei:r: species alinost' i:omplately' on
. the morphology. of individual fossila (types) apd  thelr
ralationship to the morphologzes ocE the o’che-.r indiwduals in
collections {Rayner, 1988). . Proh_lams arise, howex_rar_, when
- palaaqntoiogia‘:s' atbempt to discu_sé_ . _p;:c#_e!sses of evolution ..




mt?' nenﬁtqiogists,_ since : thé m&ﬁh@giCal_.' ..,.and..:_._ Qenefic .
specits t:onqepts."-"are' often mcompat:.ble. Mso, particn‘_arly

in the fosEl"L : récbra"' of insects;. pa'laeoaﬁtdmo;l.oéisrts: are
frequently _';ac'ed : w‘_ﬁh' - small callectioné g of : f_vagmented_
spécimens.' - Bpecies deﬁued 'on the basis 'aE incpmplete_._.
. 'material may lead to highly subjectlve grougings, which do
not nacusarﬂy repecesent populatmns of . avoluHonary - or
" even biological sig'nif:l.cance._ ' ' . .

.Mast neéntoiog*_sts,' on - the .ather'_. hand, uéa a genetj.cf_.:.
' species concept, where spascies are: dé.fiﬁé_d in terms. of"-c_;'eﬁe'_ .
exchange. The .'mcst' @moﬂy used concept is “pased on
rapr;duct-i.va iéolati&ﬁ, where. species  ate "groués " of
. papulaticas the gene exchangza hetween which is l-i.mitad. or -
- prevented in ‘nature by ona o a combination of sevesral
' reproductive isolating mechamisms” (Dobzhansky, - 1951, p262).
An - altea'.;nativa approach, and - ohe I favow, déﬁnes épecies.
5 grpups of indiviﬂuﬂ# whicﬁ - ghare a  common sat of
.fertﬂisation mechanisms (Pé.tersdh, .197_8, 1980, 1981, 1582a &
b, '1954; Masteis, 1985}; a subae“ of these includes ‘the . .
means by which potential breeding partr‘ers {ar theit cells)'_'
.recognise each other (Patarson, . 1934). ‘The gene poal.
boundaries - are tharafore detarnn.ned by maasurable sig-ua_‘ls '_
and respunses (i.a. the specjﬂc-mata ‘racognition system},
- and reproducﬁ.ve isola:l::l.on is merely an’ inci.dental e.f:.Eect of
.this  recognition. 'J!he re"ognition concept has greater
.expla.natory puwe.'r, an& i'l: is- logically mncce cnmrecl: tMasters
et al., 1987, -_:_I:n'addi:l::nqn,-i_i; allows marphology to be
seen :|.n an enti:reiy éjf.feréi:rt -lighf. CIE we examine fossils



- from the ' ‘paint  of view of the 'rev:ognif‘_on. concept,

marphology :ﬁay_ 5 &Etan .be_ - :.mplwated m 'specjfic-mat:e'
-recogmtion, and,."'when_ t* ig, it uﬂl bn shrjectad to intense
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stab:.‘u.sincr selection.  We therefare have direct - and

cons:stent markers of genetic species in ta.xa wh.o_ra gene -
exchange is effected by means of morpholoqical recogr::li::.on' .
systems ' [Raynar, in .pr&ss}. Some of . the D:,ptera have

preserved morphclogical maf'e . recdgniti.on " gighals. such as

male genjtalic. st:cuctur or wing pig'mantatwn.

-Raccgn:i:tion' ca'.:n,- however, involve su.gna]s angd repqnsés .at
many different levels (Masters, 1985); visual, chemical and
acoustlical means may be employed in locaking conspecific

mates. Insects, including the'.Diﬁtera,_ ‘may engage in one

or more of these forms of recognition in carder to find
their " matineg .p.art':xiers. '

_Iﬁ. the case of the biblomdds  and émpids,-- Hving
' -'reprasgnﬁaﬂva' swarm, and '-recognitl.cn ia wvisually - mediated.
- In fhe_ formexr - group, the:b: nf.gmentad wings function as

signals, and in the latter group, thetr s:lken balloons'-
'-enclosing.' 'prey,_ serve’ as-'attractants._ In the hibionids, i

an  individual is horn‘ without wing spots, or the spats ara

a diffarent colour or . are loca.ted in o different pnsition,'-
~ the predici:.on ig that the individval w:IJJ. nat he recngnised :

as a_ conspec:fic mate, It wil? not breed and qannat

parsa on ity abnomal signal Situ:.'!arly, within_ -émpd.c'_i -apecles
. which groduce cou:.tahip halloons, e females wiil not
. recognise _' mates without .halloons. This very . selactive _



elimination of m#ting _partners provides for the strongest

| stabflising selection; and is an explenation for stasis.

9.6, STASTS

Some of the'. 'fossjl.- D:Lpt:éra’ collacted ffqm the Cretacecus =
. sedimentary msterial from Qraps show memarkable 'morphological '

stasis. Indeed, the members of the two genera, Helus and
Empis are v:h:tua.'lly identical ‘to extant iepresentaﬁ.vesa '
‘This 1s - even more remarkable - when I cnnsider the m:mb@r'
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. and degres of” changes in other organisms ‘siace the

_ C:::etadeous. The canservat:.ve nature of the genus Heljus

was ﬁoted "by Sa.vtshenko (1966}, " who deﬁcribed the Usiow

: evolul::l.ona.ry p:cogreas" for tb.e group, {‘J:l.pu:lj.dae} as . whole.. :.

In. add:.tzox_:, I have been akle  to place Empls {s.s.)
 orspmensis in an extant subgenus. A subgenus that is as
_._old. as 93 M\_rr.-':ls 'rémarkabla' in terms of _the_ evolotionary

durat:l.on of a J.ower taxon, and -is superh evidenca for'.

atasis Differencas between extant and axtinct spacies may -

. be as small as ‘those between recent species.

Possil avidence ‘far punctuated evo.mt.zon, ‘is demonstrated by
the - d:n.scovaz:y c.:E thesea Dipteraﬁ- Changes in morpholngy

. ."[.v.ear few and negligible., The bDiptera appeaz:ed abruptly'
and have . 'cﬁanged l#ttle since then. The evolution of the -

group waa prohably eoncentrataﬂ in a ]:Lmted number of

rapid spec:;ation_ e\rents. This - _1s. In accardance with

Stanley's  view. (1982) ~ that a segment of  phylogeny
'co'rdgrisiag_ sev.reu:al identical species and ‘pexé_u’sting with little '



o#e:éal'!. '”r-.rhange- for . a lnng' ‘rtenral' of  tmme provides -
testimony for stasis, as do single l'inaagea that survive for

_ _.long per:r.oda w:.th. }:iJ..T.J.e change. )

In order. to assect that a spacies has been static, correct

diagnesis of the species is essemtial. It is vital to assess
how closaly the 'fdss:ij_.' é:.pteran morphological species reflact .

Tue genetical' species, based simply on wing' rﬂorphdlogy.
Modern dipterologisl:s ‘group exf.,mat D:.pte\ra prmcipa]ly on the
basis of = thefr - male . genitalic  structures - (e.g. the

Bibionidé_e) 'Basing a classiucatian o renroductive-

ch'aracta:s - makes for a  natural " grouping. A]J:.hough
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idenﬂﬂcation ugually reguires exammat:.on of the hypopygium, o

_ most spacies have equally d:stinctive n.on—-gen:li:alic chara.‘ters
: (e..pecial‘l.y useful - if tha specimen ‘is a female). Wing
venation, body colouraticn ratic of sizes of various body

parts to ona ‘another and v'azious chsr characters may be

. -used together for reliabls ident:lﬁcation, but, winq venation

on its own is qnnsidered g:‘actlcally as significant as the- '

hypcpyg:.um for rel'labla olassiﬂcaxion. .-I_ndead, c‘assiﬁ._cation
“of the Tipu]idaa, “far example, is. based nearly éﬁﬂf&lﬁ' on
' the wings. It is fortunata, ‘therefare, that -'many of  the

fossil 'sper:imens {at least 50%}' have retained the:u: wings_ .

dur:.ng fuasﬂisation with fai:ly distincl: venatlon. .

Enowledge of ‘the  history - and/or Cogrect .phflﬁ_géneticﬁ

posttions | of fossils  ave also - essential for deterﬁaininq
species sta]::i‘l.i_ty. ‘I'he fossii record of tha . dipterans iz |
fairly well known, Most Iving group_s bave been . tragr
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back  into the .Mesoéoic ‘and ‘their relationships . have been

well sb.lcxied {Hennigx 1981) - at least more so than -other
_msects {Henu:.g, 1981-,-Remfu,' 1578}, Most  lnes of '_desc:.-_‘zit '

—

ara th:e:'ﬁo:e-reasonably well undlerstood,

In oy 'm'ata:ial', - where ‘only ome or two c'i:iffer:ances are
-.recognisable between the Crefaceous IDSS.’!.]. and the related'
Yving species, it is ~bvious that murphological phanrres-

occur only  zarely. - The data provided by - the Botgwanan .

fossils  ave insufficient to detarmine the longevities of

im_'}i‘.ridual' 's;”:eqies,. but: thé'y.' do  provide - insight into . the .
du’ratioﬁ of higher taxa. B morphologii: __cﬁanée or two

(in the overall morphology of an individual) every 100 Myr,

implies ' that ‘each morph or sp.aciejs has a lfe-time of, on
average, 30 Myr if, and only Iif,' they :Ere puraly

-f.empora]ly "yeparated. Spatial and temporal  separation would
increase  this &fimata. Temporal separation i3  umlikely,

 however.  Rather than the complete transformation of - a

'species' in a "spar.:iﬂc geological time (graﬁualism), o .,_;:ms
more likely =2 matter of the d:Lspla.cement cf one spec:l.es hy

another :Ln the same tj.me parmd. This is substantiated by .

gome . of ‘the e:cl:inct and extant, Mycetop}ﬂjidae _which co-
emsted dnr.ing the- early Cretaceous { C"haptac 5}.

‘Schopf  (1982)  identified _fm*-_ biases employed 'hg.

pélaeontologisfs when esﬂmaﬂng the - &um'l:!.oh of a statu.c
period, whieh automaﬂcally lengthens it, I beliave he s
correéi:, and,_ aZ_Lthcmgh the;: are sometimes w-avoidahle, such

biases should :'be_. _taken ‘inte account when an estimation is



made., He suntma::ised (9.11 '-‘151 these - biases &5, fo]lows.
lé_j absenca - of preaarved mnzphalng:.c:al complexity nakes

organisrns apr Aar to evclve more slowly (more taxa

_u:g_.mistakenly placed w:i;h othe.r taxaly

(b} common taxa are fewer, but longer-lived than the much
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‘more numerous but wora ‘rarely -ct’:;].‘l.écted | shorter— -

lived Laxa;s

e} durat:l.ons of taxa- are based on’ dural:iona of geologica.l

_ 5tages, thus presettmg a’ mmimum duration,
'{d) the pdlytypa.c {lumper s} species concnpt pere.vaﬂs, shorter

_ L.ved taxa (e.g. .sibl:.ng _spen.ies) are pushad into

longer liﬁ_ed taxa.

Same other fossﬂ. finds  at Orapa, -from variuus other :msect -

arders, demonstrate similar stability of Form; for exa.nzr:le an

a.phid {Rayner and Waters, '1989} Appendix 4) which shows a.

remarkahle reaamblance to a aumber of extant species of

_l:he Siphonoro:.des family. TFossll aphids (Cretaceous and -

'partiuularly 'I‘eurtiary}__ - resemblé f:he' recant aphid fauna

strik_ingly (Heie, 198;?)'. For example, . Hele mentioned _'t__hat'
species of Mindarus {.Mindaridaé-} in the early Tectiary are

.ident‘ical‘ t'o' extant apecd.e%' of . this _ group.  Soifie other

1nsec|:s show that unique forma :existad in the- Cretacaous,-

and have become extinct.

The. flora of Cretaceous Orapa, how_r'ever' -cbmgrises new forms

o (Bamfard, 1 989}.- Indesd-, Bamfur:d deacibad twenty-seven

'genera and 28 species of angioeperm leaves, th:_rfee génera

and threa _spec_:iﬁ. of f_lov_wers, and 13 genera and 14 -@e_cies'__



ocE seeds and fruits, 0 these, only one -Ieaf_. genus 'hac'i_
previously -been descr:i.bed, ‘all  other - tai;a"' being ' ﬁéwlY

- erected..-_' Stas:s, in other words  is ndt_ .reflected in the _

coa

fossil Tflora.

I have already mentioned that such stasis is predictable if

‘morphalogy is connected to . xeproduction. In addition, I
would also like to consider briefly stasis in  habitat

preference,
9.7. HABITAT TRACKING

Pradictions o:E the Concept of Raecognition of Species may

"also explain the present distmbution o:l: many of the axtant -

relatives of the_a Orapa ~ fossils, Diptera, which were
apparaently fairly common  at Orapa in the Mesozaole, are
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'w’i:tually unknown there today. = Indeed, the dder open

reg:l.or-.s of the. Central Diatr:.ct of Botswana today suppmt

few representatwea of the dipteran far 5.1.]ies desoribed here.
at prasent, these fazmies are rastricked’ mainly to the -
southe;:n ragions of southers _Afrzi'.ca,;_ : _such ‘as  the Cape:_

. coast.

Organisms' - reproductlve 5?&!:2#5 " are . seriously . ﬁffe_cﬁed by
changes | in .environme_nt,' but remain ‘stabla  as long as _
andmals remain m Ehair '. Prefﬁed habitﬁt; ©in i.othér words,
"the SMRS osE a2 speci&ﬂ ia 'closely I:mked .or adapted te tha '

'habii'at in wh:.ch speciati.on occurred (Patersan, 1082a & bs
Masters et al, _198?]. _'.L‘he Recognition Concept predic.



that characters linked to the SMRS will remaln constant in
time, and throughout the  species' geoéraphic_al_ range
{Lambert & F tersom, 1984). ~Thus, fnsects ‘which  are

trapped in chancing conditions; ,.at:her than, being a]lowed to
_sh:i.ft their ‘geographical . range :l.n_ pu::su:.t of - their favoured:
habitai:, are Ikely to be;come extinet, ‘or, very -rarely,

these - conditions may induce -spéciation-._ Hahitat tracking,
 sinflar to that described for Coleoptera by Cdope (1979), is
" the usual response to Climatic fluctuations. D'rgﬁnisns. will
follow,. or actively seek or 'track’ their preferred hab:.tat
.fm:' as long as poaaible, rather than passively suffer ~drastic

eivironmental c:ha_nges {Baterson, 1982a). Habitat - tracking

of up to 7 000km have been vecarded.

The shift 4in the geographical. distributions - of cartain
families of Diptera, of a é:lsta.nca of 2 000km or more; may

 be explaimed by the fact that, at the time when deposition
- of the sodiments in the Orapa crater was -' taking place, the
~ African continent was approximately 15° ta the south of ibs
p:&aseﬁi:_ position - in other ‘werds, - Orapa .was ‘apout  where

: . Cape Town is today. . Bs morphological differences of tha
93 Myr _species, are -so¢ slight and so few compared wi‘l-h the

_extant spec.tes dn  the genera Helius and Empis, it seems

S1t0

'.'I:l.kely f:hat they differad l:ta‘:l:le - a reproductiva or

physiclogical level ‘a8 well. This makes. it _credible to
essume thelr env:lronmarrtal tolerances were Very simﬂ.ar, and

leads us to assume that - tha env:mnment of Orapa then - and: .

Cape Town now, were similar tua.



:I:t appeers _that as the African continent moved northwarde _

~ and Orapa shifted from its ear]ier relati.ve poeitinn to i‘te
.present one, t e_: particular climate affeci::mq J1e area,

slowly changed at any defined po:.nt ot “the cont.ineni:.. in

1;:&1_1-t_¢:_u.1a_.\~:Jr . the m_oist-_ environment _of .Cretac_:eous Orapa -wae'

expariencad farthexr south. Siinultaneauely, the present arid
- conditiéns of . the ."regiqn wera -_be_co.ming. .'prevalent'. . Bs .t'ha.
continer:E m_ove.d' 'ncrt_hwar_ds, the insectz’ geographical range
graauguy shifted snuthwar’ds,‘ _necessitating the'. tracking of
- their favoured hum:.d enviz:onment a.nd preferred ecological

s'urrounﬁmgs.

9.8, DIPTERA AND POLLINATION

. The wmost significant 'aspeet of the discovery of these
Dipﬁera._ at Orapa for me, however, is their association with

early _angioepér:m_s_.

The moet spectacnla.r bu.ologu.cal activity - of some  of these

Diptara .is'. t]:_lat_ they ~probably were _po.‘iilinatox_:s.- ' The -

evolution of this form of plant/insect relationship, whereby

the ;.;Iant'_.harnesaes the mobility of the insect in exchange -

. for food, ig the olimax ‘of an anclent aseodiétiom Indeed

" thepe is ev:.dence from’ the Lower Ealaenzm.c to ehow that'-

_.interrelationehips between land plants and a::t'hropods_ existed

-frum the beg:i.nning -of land-colonisation (i’hor&as '&' Spicer,
. 19_661.- ‘I'hese authore notad that, as. early as the Sﬂurian, :

soms predatory arthropod forms have -bean four.d ig e_mpty

. sperengia-, - which ’tha'y' p_robebly_ . occupied -"fouowing spore -

R S I



'ea.tiné, and_ that stems of other plants also show evidance
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' of attacks by arthropods of other small animals. Evidence

: : . . . . . o
_from the Rhynie- Chert also shows that arthropods {(including -

a he*:apod) wers associated with. early 1and . plants . (Rolfe,

' '_.1930)

The average height of plants increased during the Devonian

. and 'tﬁis was a‘ccdmpanied ‘o préceded_ by the develbpmant
of flymg insects wl-u.ch probably fed oft the spores and
"even dﬁ.sperse& them lTl_mmas_ =& Spicer, 1986). In .the
'Carboujfa:ou_s some imsects' . food may  have been fleshy
.- sporpﬁhy]ls and 'possibly _even  spores, as they had biting
"j'aws_ rather than mouthparts adapted for sucking nectas
{_Scagei'_e;_'g;,,- 1969y, L . o

It was npot until the - .-.:L:ower and, particularly, the Upper .
‘Cretaceous that flower:ht;; plants dival:'sjfieﬁ,. clearly following

the a_ppéarance af 'many. '_cn‘.' the modern orders of insects. -

 Indeed, the Late Jurassic and Early Cretaceois marks the
advent - of dipteran diven.:sﬂficatz.on,' and ._b_y_'_ the = Late
.' ‘Cretacecus most dipteram = fomms exi_stihg today. were
represanted by . very similar forms. Extant representatives

of the dipteran families Empididae, Hybotidae, "'I‘:Lpu]idaa,
B:.b:.onidae, Myce‘bophﬂidae a.ud nnisupodiﬂae are all po]len or
nectar feeders and serva effec:ively as pcsl?linating agenf:s, '

‘the same is ) assumed for  their Cretaceous anvestors.

Aphididaa. (Raynec & Watem, 19391: Hymenoptera a.nd N .

Coleoptera (?ucxa'y', 11990)  (ropresentatives of which have

baan xecoverad :Erom the Ora.pa sed:lments) may also have



been important. pollinators at the time.

'It is almcst cnrtz_q that the - int"_'uata 'é"s'sociation- between
flowars and - theJr . inmect - '-vzsitors bagan dunng the

cretaceous and  that thése relationshi,,.s stimulated the

development nf :mdependent forms, - which, togethef 'pfovided

.- ..fm: new ecqlog:.es (Thomas & Spicer, 1986). Diversif"i-ﬁatidn k

- of - Diphera, undnubtedly, played _a._' najor rnle Cin ‘the

'expansion a.nc'! evolutmn er the Angiosperm group.

PoHizstion “and and Diversification of Early Angiosperms

-

‘Botomophil: {:.naect-po]lination) iz one of . three oo

pol-'l-inaﬂ.o# modes, wind and b:frc‘! pul‘linatmn being l:he o{-;hm

_. two types. - The earl:l.est seed plz-mts were - prohably win: -
pol'liné_tad, ‘as are most extant gynnosperms {Scagel et al.,

© 1969). However,' in ‘many angiosperm there s gaod.

ev:.dence that wind polJination has hean - seczonda:ily acquired
and that the flowers probakly _ have been derived from
' entpﬁophilaus ancestors (Seagel et al., 1969).

' 'Flower types m:i.__c ¥ visited by files fjies

Insects are parti.cular in their choice of flowers, and will:
v:is:l.t specific forms depenqu on the ﬂoral strucfm:e;.

colour, size or scent of the bloom. . Entomophilous flowers.-.'

have been divided into & number of  fypes by, for example,

'Scégei et al. {1963}, 'whq. pamed three: Hymenoptera flowers,.
_Lepidaptera " flowers and  Diptera  flowers. kxainplas | of
dipterous ﬂowana range from ‘mebs and shrubs to treae,'

ﬁ_*om :_zerophytes ko hydrophytas, _and from monmocots < to



dicots.  (Gymmorperns  may  also  provide  nousishment ko

certain fy familles, e.g. Cecidomyiidae). A list: of some

fléwex_s visitad by fles follows below (this list ds - by - no

 means conpleta and-"it. is taken from .McAlpina; 19’31;’ Downes, -

1858 & 1978; Hesse, 1938; Scagel a1., 1969). .

'Rosaceae (e.g. Crataequs, Rubu 15, Spﬂraea, Prunus, Potentilla,

Rorippa)l. The nectar of the bicoms may Serve as .
a  food - source for Stratiomyidae,  Culicidae, .

Ceratopogonidae, . .
‘Compositae.  Visiked byBlephariceridae, Bomhylildae, and
Straticmy:.dae. . ' . :
. Apiaceae " {e.g, - Umbellifevzei. -Ceratopogonidaa, Vermilsonidae
' ‘and Btratiomyldas. - ' o :
Caryophyl‘l.a.ceae {e.g. - Silene). ' Ceratopagonidae.
Onagraceae [e.d. p:l_lg umi. Culicidas,
Celastraceae (e.g. Euonymous). cuhcidae[ Ceratupogonidae
. Proteacese. Bombyliidae.
Orechidaceas (e.g. Habenawia). Cuhcidaa. :
Aristolochlacene (e€.g. Aristolochia). :
Beclepladaceae (e.g. Stapelis), )
Scrophulariaceae (e.g. Vercnica). o T
" Ericaceae (e.g. Rhododendron, Vaac:mium]. Simuliidas and
_ Culicidae, .
Saxifragaceae (e.g. Saxifraga). Ceratopogonidae.
Caprifollaceas {a.g. Sambucus). Ceratopogonidae. '
Sal:.cacea.e {e.qg.5alix), Culicidae, = Ceratwpogonidae,
Hilarimorphidae and Stratiomyidas, .
Anacardiaceas {e.g. mangoes}. Bimuliidaa, Bombyli:l.dae.
Mesembryanthemacese., Bombyliidae.
- Arevaceae/ Palmze {e.g, date flowers). simulﬂ.dae.
Araceae (e.g, Arum), Culicldae,
Cyperaceaa (e.g. Carex), Stratiomyldae.
Typhaceae (.9, Typha). Stratiomyidas.

Othar . d:-.ptéré.ns kriown to feed off nectar (o honéydew,.

water or ripe fruik). of flowering plants are the Tabanidae,

Tipulidae, Bibionidae, Chironomidae, Coenomyiidas, Acroceridae,.
Rhagionifae, Caecidomyiidae, Mydidas, Thersvidae, Athericidae, _

 Pelecorhychidae, Mycetophilidae, Sciaridse and Andsopodidae.

K The  aliove 'angiospem"_ groups neaxly = alwiys have flowers
which are bisexual, rarely un.iss:iual_;- they are usnally very .

stall and situated close together. I ‘unisexual, the Fflowers
are . arranged in, fdr '-exémple,' ‘a  spadix, with the malas

- flovers in- the upper part  of the spathe, and the female



..ones in the basal half (e..g...' Araceae and | Aracacaae), m
the  cage of. ‘Brum, the :L**':al atizact_on to the spadix is’
cdue  to the-. nnpleésa:ﬁ: odour it giVEs of:.s Pc]lma"'ion
4'as‘.:l‘:s' ﬁc... a necess!.ty fcr “the fly 1o ‘pass by  the male'
flowers to raac‘: ecta_, thereby dusting: pc]len off onﬁu 11:5

- body, which may b off in sibsequent femals flowers

visited.. (Aristoiochis, the dutchman's pipe, is 'a  hisexual
flower whare pol]ination takes plaice in a2 similar wa.y' to the
Arum, bul: here a singie flower iz mvolved rather tha.n an -

«

’Jrascence}. . Stapelia  flawers groduce a_ _stench :
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resembling  that of rotten meat to - _wm_.ch Diptara ave

attracted. - When flowers aré_ ﬁn:l.seim;al,__'tl‘iey may also ha

a:rranged' “in & _spﬂte 'ETypha'deaeJ o glume (Cyperaceae)
where the female flowers, lie in tha 1ower regions with the

male £lovers just - above these, .oy they may ;aimply he i

'clusterad clnse togethar in a sp:.}:e ‘ar caﬂ:m {Salicaceae),
- Flies . are uompelled to pasas by. male _flgwers -and their

' ;ionen_-in saarch of nect;ar in fenmzle floweié. : 'In:hisexual :
flowera, the small :Elowers may he drranged in £ha fom of

‘dense’ spikes (Habenaria, Proteaceae); racenes {Proteac_eae,

Ve:_‘on_i’c_g : Vacc:‘.nigm,  Arist -oloclg); E paduncle'is {Proteaceaea, -

Stapsiial; panicles o cm:ymbs {Proteaceae, Sazdfraga], cymes

or fascicles - { onmoua_): ar . grouped - together in  heads

{Compositae, - 'Onagraceae) o or unbels [Sc:cophﬁlaﬂaceae, _

Umbe.'lhfara.e}. Flies are thus in contact w:lth many flowm
- mals and female - in a smgle -feed:[ng -sess:l.on a]lowing
.fnr goll:l.nah.nn. In a vgry faw cases tha flnwers may be
'sol'.ltary {Ar.istolm.h:ta, Urchidaceaa). ' ' '
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‘Such sophisticated  relationships have - evolvad .as a

conséqﬁenée of _.l':he | inter-dependance . of the insects and

avgiasperms :'We' - have 'somé o eﬁ.deﬁce _ that  faithful
o poJJinab.on existed in the C:'etacecms in that funnel shaped

' floweu:s -have ba_en fqunc'[ {Baano.l:'_d, 1989),  aleng with Diptera

~with  mouthparts 'apparenﬂy : adapted for sucking {Heliug

bétswanensis)_.- If the long rostrum of E. draggensis is an
adaptatidn in the strlct sense {evolved under the action of
natural selech.on to aolve a life problem - sensu W:n.‘ljiams,

' 1965}, then it is adapted for fe.edj.ng at fumnel flowers ana_

was & fa;thful po]hnator.

1

Diptera are found throughout - the warld, _and_' have' evoived
 into a2 bewildering number and variety of forms. I ho:;e my

contribution thas added to  our understanding . _of this
ramarka.ble group of animals,_. and its relationship St



~ CONCLUSIONS
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1, Ihs'ect _ fossiis' a.r& praserved in the "majcm'ity as .

compress or:s o scme.rt_mes impressions. ”rese:rvation is crcmd

and many _an_ the ou:ig-r!a_ strnctures have been reteined.” -

2. Dipteran fossils, particularly ‘those of the family

Tipulidae, . superfemily -Empu'.dciaea" {familles Empididae and |

Hybp&idaé) and family 'Bibionidae, are abundant in the middie

‘Cretdceous sedimentary depos:‘d:s .-ak Ora.pa._' Spsc:.as w_e_re'

reliably . diagnosed using wing  venation as . the - vital

diagnostic character.

3, ' Possil . Diptera from the middle . Cretaceous are "very

_sinﬂlar; virtually 'identic’al, to liv:l.tlg species, demonstrating
thair. stab:L'IJi:y as individual species ‘over 1ong periods oF
geological time.

4, Phqué'enetic t:ohclusibhs:._ ages of many diptevan families,

genera or ethecr: taxa_ have been' unda:eatimated The
_.:Eam:uies Empididae and Hybotidae for. example, m:l.ginatad at

- least 40 mﬂJ:l.on years gric:r to the laat prec'iict:r.on made, -

8. 'Sta'bi_'lity in  morphology over millions - of years reflects

: a constancy - in their env:lrnnments, but. a radical change in

thei:r: geagrapha.cal distrihut:.on. :

6. In- response to climat:l.c ﬂuctua.ta.ons over the past 1003
nﬁJlton years, a5 the Afri_can -continent moved noxthwa_rds,_'



_di.pteran spacies ha.ve altered theﬂr geograph:.cal zangea 50

-that the . vhereabouts of species today (in th.xs case the
C_‘.ap'e coastal regians}, can he. traced back up to Orapa'

'(15° nnrth £ the Cane} 93 Milhon years previoualy.

7. Hebitat 'tracking' of insects is evident in the dipterans
described. Deap:.te changing cl::nat:.c cdnd’itlons, an ':Lnsect
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specias may Xeep liv:mq conditiong constan.. by following the )

. sh:lftirxg hab:l.tat.

8. Tha env:!rcnmeuts of - the. . Cape today a.nd Orapa 83 Myrs.
ago can be egquated. Moist_:, well-woodad, _seasona.'l,, v_dj_:h

spring and summer rainfall.

9. ' The - recognittnn that spac:ies 'morphology _.'may " remain

- relativély t:cmsta.nt over 1ong pea.:tnds of - geological tima

{i.e. long-term staais ~and short-term transformation) s in

. direct support of the punctuational model of evolutidn.

10. The Diptera were significant early pollinators.
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' CRETACEOUS DIPTERA FROM ORAPA, BUTSWANA

VOLUME THO

CASKTA WATERS -

A DISSERTATION SUBMITTED TO THE < FACULTY OF = SCIENCE,
UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG, ¥OR THE
'DEGREE OF DOCTOR OF PHILOSOPHY, - B ' ’

JOHARGESBURG, 1990



FIGURE 1

‘Map of Southern Africa showing 'qeagraphidal location of
Orapa. Ipset: Details of the Orapa region, ' '
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FIGURE 2 - |

. Plan of the O:r:apa. tine 2_‘1 25 A/ showing restricted area
o of fossiliferous. sediments within the pipe.

_.;.._ _Oiiti.jlne of the Orapa -'_pipe.'
TR (Exposed tuffaceous kimberlitic breccia),

Total area of shales and sandstones within the

. mine,

Fossiliferous materlsl' was collected from this area -

from vaxous -sites ab various different levels.
(These Ilavels change _'&onﬂnuously b8 'gxcav_ation '

takes place).
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FIGURE 3

A 3-Dimansional reprasentation o:E the nm:th—-eastern sectr.:r'

of the Qrapa plpe 2125 A/KI ag i:l:-:ls at  present,

1989,

' 5hawmg surface faatures and VQrtical seci:ions along Meridian

445 and Parallel 515..

" SURFACE FEATURES

. ﬁm%  1a Elsvation.

Lisét of exposed TXB (I989),

Linit ot saﬁdstnna and shale area.

iinit of fossil tollection sites.

. VERTICAL SECTIONS

Sandstrnes and shales -
- ¥nsgil bearing eaterisl.

. - Hans fles 'dqnusit&_.
(lﬂ.haialt clasts,

BN

- Kss flow d!pnsits '
(3% bagalt clasts.

Hass 1o deposits and Ilrncl:ias Basalt wall rock.

IO basalt clasts, C
Htane Sandsbone;

: Interhedd:d sass flaw deposits,
rnlatively uraktered, :

TR~ diaﬂm‘ld heanng tuifa:!uus
kinherlxtu hr@:n_:ia.
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FIGURE 4

B reconstructmn cr!.' xe "iérh*é’. the Crétadaoﬁ's;' iﬁcludinq'
. __aurfa.ce and crcsa—sectianal data. .'I‘h_e. figure . represents the
'nort:h-eastarn sectar of thje_ er‘up_tad pipe an’ épéns_ an axea
of about 700m x sooh{.' ‘The illustration sows a lushly.
.vegeta.ted cratu of loose rocky grcund with a cﬁtu lake
'at its centre; it :la indicated below where the fossﬂzferous.

material was found. -

" {a} Volcanic cone:. Volcanogem.c and talus slope depuslts.
' Dip %260,
{b} -Debris Elow deposits: dip 5. C :
{c) Granulay mass flows: dip <5, Fossil wood 'Erag'ments
_ found here, as well as a few insect remains.
{d} BSedimentation within the lake with plant fragments and.
. . insect remains. Plant  fragments occurad nore
frequently in top layers s$uggesting crater vegetation
developad slowly.
{e)’ Wave action on shore lines aggregat::.ons of insects were
£ound here,

) {f) Surroundinq vagetation consistlng of ’gteridcphytas, L

conifers and angiocgperms.
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- FIGURE § '

4 generalised dipteran Tabanﬁs_ americanus E‘o'rste'r.,-_'to' shqw
srientation _and._ anatomical planas and general parts (in pa:t .
after McAlpine, 1981). Tnaet: vertical section tﬁrough distal .
portion of right mid tibia to show external surfaces.

Abb-aylations: R¥FL, right fore legy LFL, left fore lag; RML,
rig.. mddle leg; LML, left middle leg: REL, right hind Leg;
LHL, Jleft hind -leg; RW, zight. wing; W, left - wing; a,
anterior; aw, ‘anteroventral; ad; anterodersal; d, dorsal; p.
posterivr; pd, posterodorsal; pv, pesteroventral; v, ventral



'mediém line.

anterior

* median_ sagittal plane —

LML

. : - lateral —»

oy ———medial
_ RML _ sublateral

posterior

'
e —~
- sransverse: plane
~ horizontal piane
pv |
v
~ FIGURE 5




 FIGURE 6

Main “divisions and parts of the '_ﬂiptera. . {a) dorsal. a_tui. ()}
' lateral view of Symp hbromgia- montana, Aldrich, to show main
 anstomical divisions and parts, (after McAlpine; 1981). L

Abbreviations: st, sternite; tg, tergite; ¥, femur; T, tibia.



- fora tarsus

 FIGURE 6

_ - - a:itanné_l..&-) _ —ch _ .
[/ E——— T
= 5 £YE Pt - ocellus

/} -~ e a— e ) I
v A———— - fore femur—— - i e

anterior thoratic
spwacle _
_axillary area .

fore coxa

" fore trochanter—
mesaoriotum
kat~nisternum -

calyprer
haltar

—wing stalk
costal vein
costal cell

mldlég .

hindlag
- hind tibia-
L tibial spur ts)_

. -'_r'—_—'_fi'rét- 1arsomare { )~
terminafia {tem}’

__ -(ﬂ')_':Sympﬁnrnmyia ‘momana 2 o - _('b)': Symphoromyia .gm_nn_tan'a,'é -




_ Morphologf

FIGURE 7

" and’ Teminology of head and . thorax of

tr:iv:.ttata Say, lateral view (after McAlpine, 1981).

_ Abbreviations: .
" .7 . pbas, anterior besalare

abd tg, abdominal tergite
anatg, anaterpgite :

© Anepm, ariepimeron

anepst, anepirternum

" ampr, antepronotitm

4 spr, anterior spiracle -
cery 5¢l, cervical sclerite
comp eye, componnd eye

- e, COK&
figm, Hagellomere
Tiit, halier
kepm, katepiiveron
+ kepst, katepisternum
: ¥tz katatergite -
~ Ibl, Tabellum PEIT, postpronotum
! par sut. laterai paraps:da[ suturc presct, presctitun
Itg, laterotergite ~ presct pit, prescutaf pit
mr; meron : presct sut, prescutal suture
mtanepst, metanep:sternum pra, pronotum
miepm, metepimeron " . prpl, proplenrun
‘mtg, mediotergite prst, prosterrum -
mtkepst, mets.kateplsternum TSt, TOStTHm '
mtn, metanot sbal scl, subalar sc!enle
patg, paratergite - | SCp, scaps
“p bas, posterior basa!are sef, scutuny
© . ped, pedice! setl, scuteflium
- plp. 1" tous .. trm sut, transveese suturs
plrtres., gleurotruchannn . Wg.wing

.. prwg prac, pleural wing process ;

Hpula
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| PIGURE 8

~ Ground. plan ' of - ‘Dipteran wing (after  McAlpine, 1961).
_ Hypothatlcal pra.m.tive Diptera. : o

Abbreviations. Velns: a,, : 1\2, hranches of  anal wvein; C,
‘costaj Cukq, Cudsy, . anterice brﬁnches ~of cub:.tus;- - CuP,
posterior branch of - cubdtus; My, posterior
{sectoral) lranches of media; M‘A, anten:-:l.cr snranc‘iz of medla;
~ Rq,  anterior brandch of radius; RZ, Ry, Ry, posterior

(sectoral} branches of radius; S¢, subcosta.- aﬂs -
&nal; bc, basal costal; bm, - basal wedial; br, basal radia%
¢, costal; cua, antericr cubital fork; cuwp, posterior c.ubital’
fork; d, discaly my, my, my, Rediady ry, ry, Ty Ty Ts
- y¥adial; s¢, subsostal., Crossveins: h, humeral; m-cu, medial
cubital; m-m, wmedial, r-m, radial medial; sc-r, subcostal
radial. . . ) o o

 FIGURE 9

. Ground plan of the vené.tion of the Diptera’ (after Hennig,
1954 & 1981). . Abbreviations as for figure 8.
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'.rzsusn-io._.

?hylogenatic scheme ‘of relationships amongst  the Dipte:.:a.
(after Hemnlg, 1981). 1, Archifipuls radista Rohdendorfi 2,
. Panydero hr ey 3. Architendipedidae; 4, _I_z_l}“aeﬁomﬂa,'.
Pfotorhx phus, Prptolbiogaster._ A, 'Tipulomor'pha'. (‘fol:}neu:a'-};'
B, "ougnneﬁra‘; B;I , . Ps'ychqdomo:_:ph.a; ﬁz, _unnamed .grpu'p; H2a,

Culivomarpha; B2b, Biblonomorpha + Brachycera.
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PIGURES 11-14 -

- .‘E'a.mily TIPULIDAE |

‘Subfamily LIMONTINAE .

. “Tribe Lmquxﬁu_ _
‘Genus Helius LePelstier & Serville 1828

Helius botswanensis sp. fov.

" BP/2/26000a and b

1. Wii'..-.g-'ven_a..'t‘ion, combining detatls from b;_:d:h part and.
cointerpart; scale bar = 0.5mm (x24.4).

12. Complete specimen; scale bar = Tom {x5.3).

13. Rostrum, astennae and ayés;_ scale bar = 0.imm (x87.0).

14, Detadls of the hypopyglum scale bar = 0.7mr [x58.8).



" FIGURE 11-t




FIGURE 15 .
" Femily TIPULIDAE

S?EC:_I]-lEﬁ__'l: {BPIL’_[:.’_?E?B;.I - part}), whole specimen (x17.3)




FIGURE 15




FIGURE 16
Family TIPULIDAE .

 BLECIMEY 1: (BB/2/27578b - counterpart), whole

- -specﬁﬁen 1x15.5).



FIGURE 16




' FIGURE 17 -
' Family TTPULYDAE

| SPECIMEN 1: (BP/2/27578a - part), wing (x54.3).






' PIGURE 18
Family TTPULIDAE .

SP_EC.'IMEN 11 (BR/2/27578h - counterpart), wing {x51.3).



FIGURE 18




FIGURE 19
Pamily TIPULIDAE -

SPECIMEN 2: (BP/2/25228), whole specimen (x24.0).



~ FIGURE 19




FIGURE 20
Family TYPULIDAE K

| SPECIMEN 3: (BP/2/25843), whole specimen (x63.2). =



FIGURE 20




FIGURE 21

" Atarba capensis Méxandar
{after Alerander, 1964).

FIGURE 22 =

'L.imonia { anomﬁ.a stephens) marleﬂ
{after: Alaxandeu':, 1917}.
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FIGURE 23
Family TIPULIDAE '

SPECIMEN 4: (BP/2/25939), whole specimen (x19.8).



FIGURE 23 |-




FIGURE 24 -
Family TTPULIDAE

SPECIMEN 4: (BP/2/25939), details of left wing (x36.7)






FIGURE 25
" Famlly TIPULIDAE

SPECIMEN 5: (BP/2/25948), whole specimen {x20.8).
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FIGURE 26
Family TIPULIDAE

SPECIMEN 5: (BP/2/25948), details of head and thorax
' '  (x32.1).



" FIGURE. 26




FIGURE 27
- Family TIPULIDAE

SPECIMEN 6; (BP/2/26717), whole specimen {x38.6).
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" FIGURE 2t -
. Fomily 'J.‘IPUI-IDAE

SPECIMEN 7: (BP/2/25871}, whole specimen (x35.1),




- FIGURE -28




. FmWUuRE 29 . . "
' Family TIPULIDAE .

SPECIMEN 8: (BP/2/25919), whole specimen (x30.7). .



" FIGURE 29




" FIGURE 30
_ Family TTPULIDAE

SPECIMEN 8: (BP/2/25919), details of head (x6B.1).

Abbrevistions: lab, labium; hyphar, hypopharym.



 FIGURE 30




FIGURE 31 -
Family TTPULIDAE

SPECIMEN 9: (BP/2/25269), whale 'specimen (x27.3),



FIGURE 31"




FIGURE 32
Family TTPULIDAE

SPECIMEN 9: (BP/2/25269), details of head (x70.4%. -
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PIGURE 33
- Fanily TIPULIDAE

' SPECIMEN 10: (BP/2/28228), whole specimen (x22.4).



FIGURE 33




FIGURE 34
. Family TIPULIDAE

. SPECIMEN 10: (8P/2/28228), detalls of head (x68.9)



FIGURE 3%




- FIGURE 35
Pamily TIPULIDAE -~

'SPECTMEN 11:. (BP/2/28229), whole specimen (x19.6}



© FIGURE 35




~ FISURE 36
Fa@.y_ TIPULIDAE

SPECIMEN 11: {BP/2/28228), details of right wing (a)
| and left wing (b) (x30.8),
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" FIGURE 37

 Family -Emn_xnm _
.Subf.arﬁily EMPIDINAE o
Genus Empis -

Subgenns gensu stricto
gﬂg {sensu stricko) orapaensis sp.n.

(BP/2/26943), whole specimen (x33,6);
© inse, the hypopygium, enlarged (x41.6).



FIGURE - 37




| TGURE 38

_ . Enpis {sensu stricto) orapaengis sp.n.
. (BP/2/26943), composite drawing of left and right

wings (x39.6).



" FIGURE 38
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" FIGURE 39

Presumed  phylogeny of the .Empidoide:a:._ A-J, Fossil finds in
suppork _._'o_f." fﬁe  theory; A-H, . after Chvala " (1983); I-T, _'
f‘oss:ﬂs froom .O_rapag ‘Botswana; Shaded areas represent relative |
" numbers of - extant speclesy Hatched areas _ieﬁ:rsseﬁt fha
 esrlier origins predictad for the two Empidoidea  families
from Orapa; A, Protempis (Protempididac); B, --rrichinités;' c,
_ Cretogl'aty_"@_:l:;g: Ipugs D,. Archi&tz]g_a_;g. ug;  E, .Mic;ro hori'tes;. F,.
. Cretouﬁ.nroghmi'us; -G, . 'Archict_:_z.lsotﬁs; '-Ij'l,_' Retim’tus;' L,
Psendoagarterus orapaensis; J, Enpis {8.8.) c_:r:éggensiﬁ. o
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- FIGURE 40

Hunting and mating of Rhamphomyia nigrits (subfamily -
‘Empidinas) {after Downes, 1970).



- FIGURE 40
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FIGURE 41

©pistribution in southern Africa of Empls (subgenus

Coptophlebia) (after Smith, 196%), -



FIGURE: 4




FIGURE 42

Fapily EYBOTIDAE
Subfanily HYBOTINAE

Genus Pseudoacarterus gen. nov.

Pseudoacarterus drapaensis gen. et. sp. nov.
(BP/2/25224a -~ part), whole specimen (x38.2).



. FIGURE 42




FIGORE 43

Pseudpaqag_t_gr_u_s_, 'uragaensié gen, et sp, nov,
(BR/2/25224b - counterpart), whole specimen (x32.7).
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FIGU_RE 44
. Bseudoacerteras orapsensis gen. et Sp. nov.. .

(BPf2/25224a and b), composite drawing of the wings
{(left and right wing of part and counterpart) (x44.1).

. PIGURE 45

Wing of Txichinites cretaceus,
. {after Hennig, 1970).
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. FIGURE 45




