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ABSTRACT = =

Thxs thesis is- compnsed of two papers: "A phylogenetlc mterpretatlon of the

pnmary evolutlonary hneages of Simuliidae (Dlptera Cuhcomorpha)" and’ Monophyly_ -

and relatronshlps of genus-group taxa of Prosanulum (Dlptera Sunuludae)" In the ﬁrst
chapter the monophyly and srster-group relationship of Sxmuhldae are discussed, and -

- simuliid groundplan characters rev1ewed.' Twenty-three characters, or-character systems are
' hypothesized_as probable synapotypies of the family. Analysis of all life-history stages of
| Parasinudium Malloch s.lar. provides phylogenetic resolu'tion of the earliest lineages of

, Stmuludae Based mainly on features of the immature stages, a sister-group relanonshtp is

suggested between Paraszmultum s.lat. (= Parasimuliinae) and all other Stmulndae (=

Srmulnnae) Th1rteen hypothesrzed synapotyples are g1ven in support of the monophyly of

Parasunuhmae and 15 synapoptypies in support of the monophyly of Slmuhmae thhm

: this latter clade, the initial dlchotomy is as follows: Prosimuliini (Proszmultum Roubaud

'Helodon Enderlein, Parahelodon Peterson Dzstoszmulzum Petexson UroszmuIzum Connm

Levitinia Chubareva & Pen'ova Twmma Stone & Jamnback and Gymnopats Stone) and
Slmulum (all other Srmullflae). Five hypothesrzed synapotypres are provxded for each of
the 2 tribes. Resolution of the pqmary lmeages of Simuliidae perrmts mterpretanon about
the zoogeography and early evolunonary h1story of the fam1ly The advantages of a |
clas51ﬁcatory system based on phylogenetlc relanonsh1ps are dlscussed In the thlrd
chapter exghty one apotyplc character states or character systems of larvae, pupae and
adults are analyzed for evidence of monophyly and phyletic relattonshlps of genus- group
taxa of Pros1mulnm The following monophyletic genus groups are recogmzed based on

2 or more hypothesrzed synapotypies each Proszmulzum Roubaud S.SIr. (66 spec1es)

q
v

Helodon Enderlem s.str. (13 specres) Parahelodon Peterson (3 specres) Dzstoszmulzum _

Peterson (2 specres), Uro_szmulzum Contini (3 species), Lévitinia Chubareva & P_etrova (2 ‘

_ species), Twinnia Stone & Jamnback (10 species), and Gymnopais Stone (12 species).’ |

N



L partlally resolved cladogram prov1des the mformauon necessary to "root” pubhshed

Most prevxous concepts of Proszmulzums str. and Helodon s.str. are shown to con31st of

non—monophyletlc assemblages of spec1es Proszmultum s.str. is hypothes1zed to be the
[
monophyleuc sister taxon of all other Prosimuliini. Three major lineages are recognized

i thhm this latter assemblage as follow5' (l) Helodon S. str (Z)farahelodon +

Distosimulium, 3) Uroszmulzum + Levmma + Twmma + Gymnopazs Analy51s of :

-~ structural characters alone does not resolve relatlonsh1ps among these three clades The ~~

e

~

- reconstructed cytolog1ca1 transformauon senes ("cytophylogemes") whxch are denved e

from unrooted, hypothetlcal standard sequences" (e g. Rothfels 1979) The resultmg

, topology 1s used to test hypotheses about relatJonshlp, and to provide resolution where

' structural mformatlon alone has failed. This combmanon of morphological and cytological

mformauon yields a reconstructed phylogeny, prov1d1ng the ba51s for a reclassu”rcatlon of
Pr051mulun1 ‘The followxng system of genera and subgenera is adopted Proszmulzum
Helodon s.lat. (mcludmg the subgenera Helodon s. str Parahelodon and Dzstoszmulzum),
Uroszmulzum Levmma Twinnia, and Gymnopazs The norrunate subgenera Paraheloa'on
and Dzstoszmulzum are relegated in new status from Proszmulzum s.lat. to Helodon s.lat. A

Check list of world. spec1es of Prosunuhtm is arranged accordmg to the new clasmﬁcatmn

with 24 specles relegated in new combmatmn Keys to larvae pupae and adults of genus-

- group taxa of Prosxmulum are provxded

[ S Siquiva ' Vi
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' 1. -INTR'OD,UC’TI'ON |

If brologrcal classrﬁcatnons are systems of words that are-used to orgamze the

' drversrty of life and/or to reﬂect man's estimate of nature's own orgamzatron of life (W ey

' 1981) ?hen the process of biological classrﬁcatron must be a very ancient phenomenon

indeed. There can “be little doubt that the earlrest words uttered by man mcluded reference

to the flora and fauna surrounding him. Brologrcal classifications serve as an information

“storage-and- retrieval system, and their construction remams one of the fundamental tasks |

of the modern-day systematist.

Aristotle provrded the first sxgmﬁcant attemptata drvrsron of the Anrmal ngdom
mto "Classes", by drsungurshrng "An/als that have blood" (Viviparous quadrupeds

} Ovrparous quadrupeds, ﬁshes, bup/ ).and "Ammals that have no blood" (Molluscs
Crustaceans Testaceans Insects) (Lamarck 1914) In essence the first mentroned Class is
~ defined by a shared derived character —a synapotypy— whereas the second Class is
- defined by the lack of that character or by some contrastmg character (a symplesrotypy)
. Eldredge and Cracraft (1980) refer to such aSSemblages as"A groups "and "not-A groups",

'respectrvely Not-A groups are rejected in a cladrsnc system because assemblages that are

defined on the basrs of symplesrotypy are generally unnaturdl or non- monophyleuc

Desprte advances in the applrcatron of phylogenetrc pnncrples sensu Hennrg ( 1966),

dwrsrons based on A'and not—A groups have dommated classrficatory systems since the

- ume of Arrstotle Classrc examples of not-A groups include "Vermes" (worm-like ammals)
and "Invertebrata (animals that lack a back bone). Although such grouprngs are still -

L wrdely recogmzed the history of biological classrficatron shows that there 1s a tendency

towards elimination of not-A categories. This process is a_rded through a more thorough

understand.ng of character systems; '.and"stric'_ter apph'cation of phylogenetic techniques.” -

‘
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Present-day classxﬁcauons of black flies (Dlptera Slmuludae) sttll are orgamzed

largely into systems of A and not-A categories. Tlus is in no way mtended asa repudlatlon

of the efforts of earlier workers as black ﬂxes are notonous for thelr Btructural
“homogeneity. Moneover until very recently, there was a bas1c lack of ; m{ormauon about

A some key plesrotyplc membcrs In the absence of convincing evidence about phylogenetlc
| \.‘relatxonshrps, the convenient but unnatural classxficauon served its purpose for day to day

commumcauon about black ﬂ1es

-

‘leadmg into the Twenty First century, there are srgns that spec1ahsts are becoming less

&, o
satisfied w1th the large number of unnatural groupings currently recogmzed in Slmuludae. '

o Wygodzmsky and Coscaron (1973) maintain that a clear-cut division of the tribes
' Prosumﬂum and Srmulnm (at least as currently recogmzed) cannot be upheld ina clamstxc'
| system Prosunulum isa classm example ofa not-A assemblage, because it is defined on

the basm of lack of those characters (or by contrasting characters) that deﬁne Simuliini.

Cytotaxonomy, the study of giant, polytene larval, sahvary gland chromosomes

' - has’provided convincing ev1dence about relatlonshlps at the genus-group level (Rothfels
1979, 1987). Such mvesugatlons have caused the morphotaxonomist to retlnnk senously

conclusxons based ona pnon assumptions about the direction of character evolution.

Similar advances are being made with other "noh—tradmonal" techniques as well. For

. example DNA DNA hybrxdmauon gas hquld chromatography, and electrophoresm have

all provrded fresh 1ns1ghts about the relationships of black ﬂxes (see Crosskey 1987, and -

Townson et al. 1987 for reviews). Although the full potentlal of these techmques has yet

to be realized, it is clear that cytotaxonomic- and chemotaxOnormc endeavors will continue

 to raise pertinent quesuons about present-day classrﬁcatlons of Sunulndae THere is thus

an. uneasy relauonshlp between the practical needs for a classification (taxa deﬁnmon

Although "convemence or "compromise” classrﬁcatrons have served the1r ose
p p



K ide.“ﬁﬁcaﬁoﬁ), and the desire for a system that accurately reflects phylogenetic relationshlﬁ'?
 (Crosskey 1987).

Evidenee is -ac‘curnulating that there cani be close agreement between phsfloge‘nies

' derived from morphological' and cytological information if characters are viewed in a
cladistic f"amework. In Chapter 3,.for example a phylogenetic mterpretatlon of _
Prosimuliini genus-group taxa almost exactly reflects published cytophylogemes for the
same groups. Craig (1983) has found similar results in his investigation of Polynesian :

Simuliidae stating: "A'reconstructed phylogeny,‘based mainly on morphological charaete;

states of larvae and pupae, agrees well wrth the cytophylogeny" Knowledge about the

| fanuly is now at a stage where the gap between classrﬁcatron and phylogeny can be

¥

narrowed..
The intent of thrs thesrs 1s to mvesngate phylogenettcs and classification of the most
primitive lmeages of black flies. In Chapter two structural features of all hfe -history

stages of black flies are analyzed for evrdence of monophyly and sister-group nelat.lonshlps -
of the pnmary evolutlonary lmeages of Sunuludae Thrs analysrs was made possrble

i through drscovery of the female and unmature stages of Parasimulium Malloch —a genus

that was hitherto known only from the male. Paraszmulzum has been consxdered the most
primitive simuliid, "based on several unique features of the head and tertmnaha of the adult
male. Results of this analysis provide the bj'ms for a supragenenc classification of

Srmuludae based on phylogenetrc relatlonshxps,. °

In Chapter"lhree, I focus on ohe of two major llneages recognized in the subfamily .. °
Simuliinae —*the tribe Prosxmulum Characters of larvae, pupae, and adults are analyzed
for ev1dence of monophyly and phylogenehc relatlonshlps of the erght genus group taxa
recogmzed in that tnbe The resultmg cladogram 1s used to- "root" pubhshed cytological

_ transformauon senes of the same taxa. Thrs combination of morphological and cytologtcal -



mformanon ylclds a wcll-comoborated reconstm&d phylogeny, prov1dmg thc basm for a
‘ reclassxﬁcatlon of Pros1mu1um
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2 A PHYLOGENETIC INTERPRETATION OF THE PRIMARY
EVOLUTIONARY LINEAGES OF SIMULIIDAE (DIPTERA
CULICOMORPHA).

2.1 Synopsis

The monophyly and 51stcr-group rclauonsh)p of Slmuludae are d1$cussed a.nd
sunu.lnd groundplan characters, reviewed. Twenty-three charactcrs or charaéter systems are

hypothesued as. probable synapotyp1es of the family. AnaJysxs of all life- -history stages of

‘Parasmudxum Malloch s.lar. provxdes phylogeneuc resoluuon of the earliest lineages of

Simuliidae. Based mainly on features of the umnature stages, a sister-group relationship is
suggcsted bctwecn Parasimulium s.lat. (= Parasunulunac) and all other Simuliidae (=

Simuliinae). Thlrteen hypothe51zcd synapotypies are glven in support of the monophyly of

" Parasimuliinae, and 15 characters in support of the monophyly of Simuliinae. Within this

latter clade, the initial dichotomy is as follows: Prosimuliini (Prosirhulium Roubaud,";'

‘Helodon Enderlein, Parahelodon Peterson Dtstoszmullum Peterson Urosimulium Contini,

Levmnza Chubareva & Petrova, Twinnia Stone & J amnback and Gymnopais Stone), and

Simuliini (all other Sunulunae) Five hypothesized synapotypies are provided for each of

thc 2 tnbes Resolution of the pnmary lmeages of Simuliidae permits interpretation about

‘the zoogeography and early evolimonary history of the family. The advantages of a

classificatory system based.'on phyiogeneuc relauonshxps are dxscusscd.

L, 2.2 Introduction .
B . . ) .z
Black flies (Diptera: Simuliidae) form a compact, easily recognized family of
. : .
J
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= . nematocemus Dlptera. About 1450 specles are known world wide, with representatxves in

“all contments except Antarctlca (Crosskey 1981b 1987) The numbér of undescribed
' specxes 1s probably consxderable because many s1bhng spec1es are found in what are

| 'mferred (onex temal structural grounds) to be single reproductive entmes (see Rothfels
1979 19?1 1987 for revxews) But desplte our incomplete knowledge about sxbhng
specxes ona world-w1de scale it 1s probable that most of the structural davergence of
Slmuludae has aJready been documented.

+

; While the Stmuludae as a whole is very easﬂy recogmzed and its relauonshxps w1th _
\ other Nematocera reasonably well estabhshed (e.g. Henmg 1973, Wood 1978), ‘S'E“”' | :
relatlonshxps thhm the famxly have remamed somewhat obscure. The dlfﬁculty in part hes R | @
‘with an almost umnterrupted sequence in form between plesmtyplc and more apotypxc o
members (Crosskey 1973). Another problem is mcomplete knowledge of the life h1story

stages of certain pleswtyplc taxa. ThlS latter has$ frustrated attempts to polanze certain key

* character states, partxcularly those of the unmature stages. Black flies are few in the fossﬂ

-‘record and those that have been descnbed sh'e'd,little light (Crosskey and Taylor 1986). In

the absence of a complete fossil record notions about the: evolutlonary history of

Sunuludae w111 have to 3e inferred from the extant fauna.

- - The most primitive extant sirnulii%?i‘s{generally believed to be Parasimulium 4,
Malloch, a genus that‘is currently only lcnown from the western-most United States
(Peterson 1977). ’I'he primitive status of Parasimulium has largely been inferr'ed from the
wing venation, wh1ch has R, Ry,3, and Ry, 5 widely separated at the costa (these veins are
more crowded in other 51mu1uds) This, and several unique features of the head and
termmaha have led most workers to recognize a-separate subfamily for members of the
genus (e.g. Smart 1945, Shewell, 1958, Grenier and Rageau 1960, Dumbleton 1963,
Crosskey 1969, Rubtsov 1974, Peterson 1977). ~Interpretations'_prior to 1981 were all
. based on the adult male as this was the only stage known. In fact, until 1981, only 8 male
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- specimens had been collected in total, c'ompris'ing 2 subgcnera and 4 species: Parasimulium .

s.str. (P. furcatum Malloch P. crosskeyt Peterson, and P. stonei Peterson) and
Astoneomyza Peterson (P. melanden Stone) (Peterson 1977) The only modern worker not
accordmg subfarmhal rank to Parasimulium was Stone (1963 1965), who instead

reconized the tnbe Parasunulum wrthm the subfamrly Prosunulunae

Because of the apparent primitive status of'l"arasimuliwn" n}any efforts have been

directed at collectmg the female and unmature stages It was generally agreed that the

.....

g phylogeneuc position of Parasxmulzum could only be estabhshed in view of all life-history

Iv stages. But desplte repeated attempts to obtain addmonal material, a period of 46 years.

passed between.the last collection of Parasimulium (in 1935), and the re-collection of P.

crosskeyi in 1981 (Wood and Borl;ent 1982). This latter discovery was particularly

b

important because, as Well as s1gmﬁcantly add1ng to the number of known male spemmens '

the female of Paraszmulzum was collected for the first tIme

Using both male and female characters Wood and Borkent (1982) reassessed the
phylogenetic posmon of Parasimulium, and wuh cladlsnc techmques proposed a sister- -
group relatlonshlp between that genus and all other Simuliidae (Fig. 3 a) Thxs supported
the notions of most previous workers whose conclusions were based on a n&-cladlstm or
dialectical approach to systematics. (“haracters given in support of the monophyly of

Parasimulium included: (1) reduction of kateplsternum, (2) loss of meseplmeral tuft, and

"~ (3) loss of peghke seta at apex of gonostylus. Synapotyp,lc chamcters given for Simuliidae
.exclusive offaraszmulzum included: (4) eye of male with hne of discontinuity between

large upper and small lower facets, (5) crowdmg of branches of radral sector (Rz +3 and -

R4f§7 and (6) sternum 10 of female d1v1ded This evidence was gwen in support of a two-

subf-arnrly arrangement for Sxmulndae, in which Parasimuliinae comprised Pa_raszmulzum -

and Simuiiinae comprised all other simuliids (Wood and Borkent 1982).



More recently these same authors (Borkent and Wood 1986) obtamed first- and

. second—mstar larvae of Paraszmulmm stonei from eggs laid in vitro.. This material prov1ded
‘additional mformauon by which their ongmal hypothesxs, based on adult characters alone,
could be tested. But instead of corroborating the1r et'her hypothesxs larval characters
suggested a close relauonsmp between Paraszmulzum and some typncal members of the |
Prosunulum sensu Crosskey (1969) (Fig. 3 b). This lent support to the classrficauons of
Stone (1963, 1965), in which Paraszmulzum was consxdered ggerely an aberrant side branch
of the tnbe Prosimuliini. The primary character given 1n support of this relauonshlp was
loss of the labral fan in first-instar larvae. On this basm Parasimulium was presumed to
“have shared an immediate common ancestor‘wnh Crozetia Davies, Proszmulzum Roubaud,
Gymnopais Stone ‘and Twmma Stone & Jamnback. In v1ew of the conflict betwcen larval

and adult apotypies, it is clear that other characters will have to be examined to determme

the relationship of Parasimulium to other sunuhxds (Borkent and Wood 1986).

Courtney (198?) rccently reported dlscovery of later-instar larvae and pupae of

_quaszmulzum crosskeyi, and provided brief descriptions. In this chapter I nedescnbe this

- 10

, materlal evaluate its character states -and provide for the first time an analysrs based on aJI '

hfe-hl_stor@stages of Parasimulium. This analysis tests the conﬂicu'ng hypotheses based ot
larval (Borkent‘and Wood 1986) and adult (W ood and Borkent1982) characters aione* In
addition to further resolvmg the relatlonshxp of Paraszmulzum to other black flies, I offer an

initial cladistic mterpretauon of the' pnmary evolutlonary lineages of Sunulndae

L



2.3 Taxonomic history *

'I'he taxonomic hrstory of Simuliidae begins w1th the pubhcanon of Systema

Naturae (Linnaeus 1758), although antecedent man was undoubtedly fan'uhar Wlth

J anthropophrhc forms. Whrle it is beyond the scope of the present study to review all

‘taxonomic works dealmg w1th the hi gher classification of the farmly, it is nonetheless

relevent_to provide areview of some of the more unportant contributions Smart gave a

‘ detailed review of works to 1945. Revrews of later works have heen provided by Rubtsov
(ul 974) and Crosskey (1981a). 'I'he followmg taxa are central to understandmg the early
evolutmnary pathways of Smmmdae and so spec1a1 emphasrs is placed in this sectron on
the timing of their dlscovery a:d. the mple therr drscovery played in shapmg present-day
notrons about classrﬁcatlon Paraszmultum Malloch, Prosxmulzum Roubaud s. lat Twmma
Stone & Jamnback, Gymnopars Stone Procnephza Crosskey Paracnephia Rubtsov and
‘Crozenia Davies. The first section is a brief account of some classificatory schemes
proposed to date. This is‘ followed by a section about other contributions or discoveries

which have had a h‘earin_g on notions about phylogenetic relationships.

4

2.3.1 Higher Clas‘siﬁca’tion

Linnaeus (1758) placed the first descnbed simuliids (reptans L., equmus L )in the
culicid genus Culax The d1st1nct1veness of black flies went unrecogmzed until 1802 |
when Latrellle established the genus Simulium to accomodate all the specres lcnown at that

: tlme Thrrty two years later the taxon "Simulites" was created by Newman (1843),
"provrdmg the modern-day bas1s of. the famlly name. Apart from scattered specxes

descnptrons the state of sunulud classrﬁcatxon remained unchanged from this pomt unttl

1L



- P
L * R 2
e . Ve
Y . LYy
. -~ ; L
HS ¢ L
- & 2 1.,\ :
. . LR ' )
&

_ group was taken by Roubaud (1906) who dlstihguxshed — pnmanly on de }

and "Eu-szmulzum ") ; ~' “

leg — two subgenera in Szmulzum ¢ Pra;-szmu.yt

-The taxonomic significance pf the wing was first recogmzed by Malloch (1914)

who d15tmgulshed on features of the radlal sector, Proszmulzum (R forked) from W
-~ Simulium (Rs unforked) Another of Malloch's contributions was the description of the
genus Paraszmulzum wh1ch was characterized by several unique features of the eyes
(widely separated at vertex, occurrence of larger-swed facets near rmddle of eye) and wmg :
(absence of a basal medial cell). Although the original descnptlon was based on a single
‘specimen, its features seemed distinctive enough to warrant generic recognmon The
d1suncuveness of Paraszmulzum was magmﬁed éven further by the discovery that the '
’ spemmen was a male, and not a female as orlgmally described (Knab, 1915). The vast
majority of sunuhtd males are holopt1c and their eyes hav%a distinct line of separauon
between the large upper facets and the small lower facets. Ironically Malloch failed to note N
one of the, most consplcuous features of Paraszmulzum Wthh is the widely separated
branches of the radaal sector. ] “

’I’he status quo in simuliid class1ficauon prevailed until the l920's when a

- multitude of supraspec1ﬁc names was mtroduced This was due almost enurely to the

efforts of a single German worker — G. Enderlein. In the mterval betws

no less than 23 papers were published (Enderlein 1921 er seq.), in\which 50 genera were
) L | b
recognized (most described by Enderlein himself). Moreover, Enderlein was the first -
& ! .

3 ,l L ’ \
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worker to erect a suprageneric classrficatlon of Slmuludae In hlS apparent ﬁnal work on '

- thc farmly, Enderlem (1937) recogmzed a total of 7 subfarmhes and 5 tribes: Prosunulunae, '

s E;ctemnunae, Cnesunae, Stegoptermnae, Nevermanniinae (Nevermannum,_Fnesum, and

,Wilhelrniini), and Simuliinae (Simuliini and Odagmiini) R&narkably, in that work he was :

either unaware of, or chose to 1gnore the work of Malloch for no mentxon was made of

oW

Edwards, a contemprary of Enderlein, forwarded a radically different classq:rcatory a» _

" scheme. In his final attempt at a oIassiﬁcation,ﬂ Edwards (1934) recognized but two genera

" of black flies: Parasimulium Malloch and Simulium Latréille. Five suhgenera were

dehrmted in the latter genus: Prosxmulzum Roubaud, Cnepiua Enderlein, ngantodax
Enderlem Austrosxmullum Tonnoir, and Simulium Latrerlle No- attempt was made ata

supragenenc classification of the farmly. | e

| s
Smart (1945), in recognizing the need for a clear monographic account of the

family, provided’avcritical analslsis of both Enderlein's and Edwards' work. He criticized
the former author for disr'egarding the treatments of other taxoriomists, for his use of

spurious structural characters, and for his failure to consider both male and female

. ~ characters. ‘These deﬁcrencres conmbuted toward an overestimation of supraspecxﬁc taxa. -

Of, Edwards work, Smart cited a failure to deﬁne phylogenet:cally significant characters,

with too few genera being recognized as a resulL As an alternative Smart proposed that’

simuliids be organized into a system of six genera and two subfamilies. Parasimulium

Malloch was to be isolated in its own subfamﬂy (Parasimuliinae), and Prosirrruliwn

F

Roubaud, Cnéphia -Enderlien Gigantodaii;'Enderlein Austrosimulium Tonnoir, and -

"Szmulzum Latrellle were to be umted in another (Simuliinae). No tnbes or subgenera were

~recognized. Although Stone (1941) was the ﬁrst tg descrxbe the widely branched radial

sector of Pc.raszmuhum S 1t was Smart Who interpreted thc condmon as bemg plesmtyplc w\
7S
within Simuliidae. This is the foundation upon which most subsequent classu"lcatlons are

L, .. . . o -
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'based, for the degree to which the radial sector is brancheq:ne of the primary cntena by
ide

Wthh prumuveness in Sxmulndae is Judged (i.e. the wider the branching the more

pmmtwe a black ﬂy is presumed to be).

Stone ( 1949) descnbed a renﬁkable new genus Gymnopazs whose larva lacked
the typical feeding apparatus (labral fans) of black ﬂles (compare figs. 30-31 with figs. 32-
34 in chapter 3). A similarly modrﬁed but distinct genus, Twinnia Stone and.Jamnback,

1955, was subsequently discovered in the mountains of eastern and western North

America. Instead of ﬁlter-feedmg in the tygigpal simuliid fashlon larvae of Gymnopazs and

Twmma browse upon epilithic algae or other food that is settled upon the Substrate (Cume
and Crmg 1987) It was generally assumed that the fanless condmon in black flies was

pnrmtxve (based on the assumpuon of a close relatxonshrp between Simuliidae and

Chlronormdae), and that there. must be a substantial phylogenetlc gap between Gymnopazs 2 ’

and Twmma on the one hand, and Proszmulzum s.lat. on the other (B,ubtsov 1956, Gremer
: and Rageau 1960 Dumbleton 1963). Indeed qgubtsov (1955) was sO 1mpressed with the
- fanless condition that he erectéd the subfarmly Gymnopaldmae Other workers were
cconcerned about the manifest similarity of adults of Twmma and Proszmulzum s.lar., and
regarded these two forms . as congenenc (Shewell 1958). However, most workers dunng

the 1960 s relegated Gymnopazs and Twmma to a separate subfarmly or tnbe

. hY ¢ ‘
Ina classxﬁcanon that reflected notions about simuliid relationships during the

. .1960 s Gremer and Rageau (1960) accepted a 3 subfamﬂy system of Sunulndae
Parasunulunae, Pr031mulunae and Samulunae ﬁAs In most previous classrflcaUOns

Paraszmulzwn was segregated as a separate subfamily. Two tribes were rc@%nized within

Prosrmulunae Gymnopaxdum (Gymnopazs Stone and- Twmnza Stone and Jamnback) and

Pr051mulum (Prosxmulzum Roubaud). The subfamﬂy Simuliinae included 3 tribes:

Cnephiini (Cnephia s. lat Enderlein), Austrosimuliini (ngantodax Enderlem and

Austroszmulzum Tonnoir), and Simuliini (Szmulzum s.lat. Laterexlle) This was essentlally
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% the same system adopted by Dumbleton (1963), except that Gtgantodax and Cnephza slat.

. were relegated to Prosunulnnae

Although restricted'.in ge‘bgraphical scope Stone's (1-965) classiﬁcation of‘ North'
American Simuliidae represented a considerable departure from othet- classxﬁcatxons '
proposed during the 1960's, partmularly with respect to the taxonomlc rank accorded

' certam primitive- grade taxa. Stone was not impressed enough with the features of _‘
B Parasimulium to accord subfamilial status to members of that genus alone Instead, he |
| united the tribes Para51mu1um (Paraszmulzum) Pr051mu1um (Prosimulium s.lat.), and
lemnopzudxm (G’ymnopazs Twmma) in the smgle subfarmly Prosimuliinae. The. genera
Cnephia s. lat and Simulium s.lat. consuuted-the\o\ly other recognized subfamﬂy,

~

Simuliinae. No tribal-level segregates were recogmied in thlS latter subtanuly

Most present-day notions about simuliid classification have been drawn from the

~ efforts of two workers — L. A Rubtsov and R.W. Crosskey The former produced

i numerous works on the supraspecxﬁc c&smﬁcanon of the family from 1937 (et seq. ) to
present. The most comprehensive account of Rubtsov's classification is embodied in his
1974 treatise about the evolution, phylogeny and c_lassiﬁcation of Simuliidae. There he
recognized a total of 59 genera in four subfamilies as follows: Parasimuliinae
(Parasimulium), Gymnopaidinae (Twinnia, Gymnopias), Pr051mu1unae (Proszmulzum
s.lar. ngantodax Jf:ocnephza Paracnephia), and Simuliinae (all other genera) A total of
5 tribes were recd‘gmzed in Simuliinae: Austosimuliini, Cnephum Eusimuliini, |
Wllhelrmml, and Simuliinii. This is the system followed by most Soviet and eastern
European workers. Rubtsov is one of the few workers to have attempted to unraveT‘xhe
phylogenenc relanonshlps of black flies, and to have incorporated this information:i m a

' ,classxﬁcatlon A summary of the hypothesmed relauonshlps 1s given in Fxgure 3.

~ In the classification followed by most western European and North American

]
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o workers skey (1981a 1987) recogmzes only 2 subfamﬂxes of black flies, the ‘
Parasrmulunae (Parasvnulzum) and the Sunulunae (all other Sunulndae) The Sunulnnae is
-d1v1ded mto two !nbes as follows: the Sunulum (Austroszmulzum Tonno:r\a/nd Samulxum |
Latretlle) and the Prosxmulum (comprising all other simuliids). As opposed to the large
number of genera recogmzed by Rubtsov, Crosskey ( 16%) adopted arather conservauvc
'approach recogmzmg only 23 genera. The mtent of hlS classrficatlon was not@ecessanly

to reflect the phylogenetic relationships of black flies, but rather to find some kind of

. phyletlc cleavage" between plesmtyplc and_more apotypic members.

.

R ™~ N
-2.3.2° Other taxohomic contributions:

¢
A number of Afncan forms are characterized by the lack of a pechsulcus a weakly |

" developed calcipala, absence of well—developed splmform setae on the costa and other wing |
vems an ill- formed pupal cocoon, and long terminal spines on the pupal abdomen. All'of ;
these chﬁter states, which are shared to some degree by members of Paraszmulzum and
P;oszmulz s.lat. have been considered plesiotypic within, Srmuludae However the

wing venation©f these African forms is ‘evidently derived in. lackmg a deﬁmte fork in the
‘radxal sector As a result of this combination of pnmxtlve and derived tralts the placemeL
of these black flies fh’as remained problematlc Most of the species wer%) ongma.lly

described in either Proszmultum Roubaud (de 1&L;[elllon and Hardy 1951) or Cnephza

Enderlem (eg. Freeman and de MCIHOH 1953), and it was not until 1962 that a separate
-genus, Paracnephza Rubtsov, was recognized (Rubtsov 1962) Crosskey accepted this

name as a subgenus of Proszmulxum s.dat. and erected another subgenus Procnephia
JCrosskey, for a small group of species tl;;at appeared to be mtermedrate in form between
Prosimulium s.str, and ﬁracnephza (e.g. costa of female with halr-hke macrotnchla only;

male with some mac;otnchra thlckened but not fully spm1form) The phylogeneue

<
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. position of Procnephza and Paracnephza has remained uncertam to the present day

Crosskey (1981a) retained these taxa as subgenera of Proszmulzum s.lat., whereas Rubtsov
(1974) regarded them as full genera within Prosunulunae (ﬁg 3'b)." In addition to the

\fO{ms living in southern Africa, Rubtsov (Ioc cit. ) referred to Paracnephza the Australian

specres of '‘Cnephia s.lat."

KN

Davies (1965a, 1974) studied the monobasrc genus Crozetia, ‘whose larva
- ,possesses rudimentary, rake- hke labral fans. Instead of filter feedmg in the t‘yplcal simuliid

-~ fashion, larvae use their fans to rake ﬁlamedﬁ:\us_; algae from the stongs on which they live.

minute, bristle-like appendages that arise from the labra of first instar larvae

Davies compared this arrangernent with the f; f typical simuliids, together wgth the
Cymnopais,

Twznma and Prosimulium s.lat. He concluded that bnstle like labral appendages are
primitive for Slmuludae (an example of ontogeny recapitulating phylogeny ), and that
evolut10n has proceeded in two d1rect10ns ( l) to complete loss in Gymnopazs and Twmma '

,

whose ancestors never before possessed fans and (2) to elaborauon of the bnstles mtoa
raking device, such as found in larvae of Crozetia. Dav1es assumed tl;at this, latter type of
fan gavc\: rise to the elegant ﬁltermg devices of typical simuliid larvae Although no attempt
was made at a reclassrﬁcatxoni/f)the farmly, 1t is unphcxt that Gymnopazs and Twmma

would have to be considered the sister group of all other srmuhlds

Wood (1978) has taken the exact opposrte view. He argued that fans are not only a
fundamental (and homologous) feature of Slmulndae but of related famrhes as well
(T anydendae Ptychoptendae Cuhcxdae Dixidae). Thus, absence of fully developed fans
in larval Simuliidae (and by. extensron in larvae of other families of Culicomorpha viz. ~
Chaoboridae, Thaumalerdae Chtronomrdae Ceratopogomdae) must be the result of loss...
Thrs will be discussed in greater detail in the section 'Monophyly, 51ster-group

r%lanonSMp, and groundplan of Simuliidae',
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Wygodzrnsky and. Coscarén (1973) surveyed the pnmmve-grade sunulnds

‘ , (l’rosxmulum sensu Crosskey) of the N eotroprcal region, and proposed a number of sister-
“ group relauonsh1ps based on that fauna. Although they did not concern themselves drrectly
: wrth the hrgher classrﬁcatxon of the famrly, Wygodzinsky and Coscarén asserted that- most

definmons of Prosunulum were based on symplesrotyplc characters, and could not be

mamtamed 1n a cladistic system T}us was the ﬁrst attempt to view srmuhrd relatlonshlps in -

)

a cladrstlc sense. \

e
y Specral mention is requrred about the rolj“ of cytology 1n resolving simuliid . ¥: k
,relatlonshlps Studies of the larval salrvary gland chromosomes have shown that
- dlfferences in bangmg pattems can be used to reveal brolog;cally drstmct sibling species in
| 1somorph1c larvae. .Further, the pattem of chromosomal inversions (the breaking p‘oints at'
’ Wthh can qccur at any of several thousand sites) can be analysed ina sequentlal fashron to--
generate a cytophylogeny the rauonale being that the probab111ty of the same inversion
occunng mdependently rr?ore than once is remote The cytophylogeny is unrooted because
the point of ongm the so-called “standard sequence", is chosen on the basrs of its |
cenn'ahty" and not on the- l‘;asm of out—group comparison. In other words, for any g1ven -
arm of the chromosome the standard sequence occurs in a number of related taxa, and gives
rise to the largest number of mdlvrdual derivatives. Thus, while Rothfels and Freeman
' -(1966) have shown that Proszmulzum <-> Helodon <-> Twinnia <-> Gymnopais, the

dlrectron of evolution cannot be determined (z e. it is unclear whether Frosimulium or

Gymnopais is.the most primitive member of the sequent_';e)..‘

4

At present, fewer than 10% of the world t%(a,l of nommal species have been studied
¥

chromosomally (Crosskey 1987) As the worldg?nulud fauna becomes better known, it
may be possible join together the many small cytophylogemes into a comprehensive system

of hypothestzed relatlonshlps However 1t;wxll remain to the morphotaxonormst to

determine the dlrectron of evolution, by usig extemal structural.mformatron to root the



system of relanonshlps suggested by cytology. This one weakness not w1thstandmg,
Cytotaxonomy w111 continue to be an unportant component of phylogenenc mvesugahon
because 1t prowdes an mdepcndant means by which morphologlcally derived hypotheses

can be tested.



24 -Simuliid fossil record
» -« .

The paleontologlcal record adds httle to our knowledge about sunuhld relat10nsh1ps
as few fossil black ﬂ1es are lmown ’I'he best known inclusions are from Baltic amber of
Ohgocene age, although the specres Simulium oligocenicum Rubtsov is referable to a
modem group (Rubtsov 1936). Cralg (1977) has clearly shown that Pseudoszmulzum
humidum Westwood, a fossil described from Jurassic rocks, is not a 51mu1ud, but is rather
‘more likely to he a ceratopogonid. The fossil genus Simulidium Westwood, 1854, also
from Jurassic rocks, has been referred to the Bibionomorpha (Rohdendorf 197¢4). More
receritly-Idong (1982) proposed the new genus Liauningius for'a'purported simuliid fossil
from Jiuquan Bas'in Chma The genus was erected for al urassm fossil ori gmally
c;cscnbed as Chzronomaptera robustus Lin, 1986 (Diptera: Protendlpedrdae Rohdendorf
1962). Although I have not exammed this material first hand, 1t seems clear from the
original description (and 1:\1ged from Hong's own 111ustrat10n5' cf. pg. 169, figs. 146 -

: 147) that Liauningius is a non-simuliid. Apan from the fact that the fossil bears little

superficial resemblance to any simuliid that I am aware of, 1t possesses no wmgs and has a

13 articled antennal flagellum!~ | )

—

The oldest fossils deﬁmtcly attnbuted to Simuliidae are from the lower Cretaceous
Koonwarra fossrl bed, South prpsland Austraha (Jell and Duncan 1986). The material,
which is preserved in fine clay laminae, consists of a single complete adult, a dissociated
_ wmg, and 14 larvae. The adult is not a sunulud and 1 possibly an empidid. T have not
exaxmned the dissociated wmg, but it would seem from the photograph (¢f. Jell and

Duncan 1986, fig. 49 F) that it is also non-simuliid. The larvae are unquesuonably

sunulud, but are preserved in such a way that diagnostic features at the generic level are not

clearly marufesL However, it appears that the larvae lack apotyptc characters, that would

20

“



A
permit placement in either Parasimuliinae -or Prosimuliini, and instead possess features that
suggest relationship with the Ausu'aliah"‘&nephia" of authors (rec Cnephia Enderlein)
(Craig and Curric,'ir! prep.). The Kdonwarra fossils are therefore referred to ihc tribe

1

T
Simuliini, as defined in the present work.

%
AY
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2.5 _ Materials ahd method.s

Lx

*:2.5.1 Materials ' -

. Taxa examined for sir_qctural features of Slmuludac included representatives of 34,
-of thc 75 genus group“segregates listed as valid by Crosskey (1987) [see Appendlx I]. Of
the 41 taxa not exammed, 35 are recognized as subgenera of Simulium s.lat. These latter
belong to a relatrvely derived clade of srmulnds and so lcnowledge about their character
states is not essennal for thls mvcstxgatron of the primary evoluuonary lineages. Structural
features of the ather six taxa (Astoneomyia Peterson Araucnephxozdes Wygodnr;sky and
Coscarén,. Cneszamzma Wygodzmsky and Coscaron Lutzsimulium d' Andtretta and

- d Andtretta Novaustroszmulzum Dumbleton and Sulcxcnephza Rubtsov) were determined

as far as possible ﬁ'om descnthons and illustrations in the literature. -

The majon'ty of rrtaterial.examined is from my own collection, and from speeimens
: housed in the Department of Entomology, University of Alberta. Character state ,
distributions i in Mayacnephza Wygodz.msky and Coscarén Cnesza Enderlem ngantodax
Enderlem Araucneplua Wygodzmsky and Coscarén, Tlalocomyza Wygodzmsky and Diaz
: jN djera, and in the Australian species described in the genus Cnephia Enderlein (but
undoubtedly belongmg elsewhere) are based, in part, on specimens in the Canadian
National Collection, Ottawa Character-state dlStﬂbuthl’lS in Procnephta Crosskey,
Paracnephza Rubtsov and Urosimulium Contini are bascd, in part, on spec1mens in the.
BrmSh Museum (N atural H1story) London. Specrmens of Levitinia freidbergi

Beaucoumu -Saguez and Braverman were made avallable for study by Mme. Beaucournu-

Saguez, Laboratory of Apphed Parasnology and Zoology, Eag

,Medlcme, Rennes,

France The lower Cretaceous fossil matenal from the K ' ossil bed, South

aTal
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Gippsland, V1ctor1a was obtained on a loan from the Palaeontological Collecnon, Museum

of Vlctona Melbourne

Sy
t

2.5.2 Specimen preparation and illustration ) 3 *

Eﬁ;anol pre?érved specimens were used for most of the illustrations. Larger ,
. preparations, such as whole mounts, were onented In a small blob of petroleum Jelly,
which in turn was s1tuated on tHe bottom of a welled slide. The well was’ then ﬂooded with

glycerm and covered w1th a cover glass " Smaller preparations, such as dissections, were

either mounted in Eupa?rol or were cleared and mountcd in polyvinyl lactophenol, Most

line draW1ngs were prepared W1th the axd ofa camera lucida mounted on a Wild M5

’
\ 3
”

"stereomxcroscope Drawmgs of smaller structures were executed with the aid of a drawi ‘g
tube mounted ona Lextz Wetzlar SM-LUX light microscope. Photormcrogmphs of slide e

mounts were taken with a Wlld photoautomat camera mounted on a Wild M20 compound

microscope.

Specunens used for scanning electron rmcroscopy (SEM) were dehydrated throu gh
98% ethanol and cntmal pomt dried. Dried specimens were mounted on SEM stubs to
which double-sided sticky tape was applied. The material was gold coated with a sputter

coater and photographed with a Cambridge Stereoscan 250 scanning electron rrucroscope. o

pladogr'ams and diagxammadc representations of character transformations Were

executed with the aid of a software program designed for a Macintosh™ rrlierocomputer.
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2.5.3 Classiﬁcation

The higher classification of Slmulndae is not umversally agreed upon, thh a

‘ Ay
number of schemes havmg been proposed over the last quarter of a century. For the

22
purposés of the present study Ihave followed a two-subfanuly-arrangement for black flies,
in which Parasunulunae compnsm Parasimulium s lat., and Simuliinae compnses all other

genera.- In this respect, the system is similar to the clasmﬁcanons accepted by most western

. specrahsts Where it departs is in recognition of tribes wrtlun Simuliinae; viz. Prosrmuhml

and Simuliini. Crosskey, for example interprets Prosimuliini In a sense that includes 21 of
the 23 genera recognized in Simuliinae. T have deﬁned Prosimuliini in a rather narrower
sense, comprising only the following genus-group taxa: Twinnia, Gymnopais, Levitinia
and Proszmulzum s.lat. (Dzstoszmulzum Helodon, Parahelodon Proszmulzum s.str.,
Uroszmulzuml) I refer all other genera  of Sunuhmae mcludmg Procnephza and

Paracnephia 2, to the tnbe Slmulum The rationale for the system adopted in the present

~work is g1ven later in thrs chapter A summary of some recent classxﬁcauons of Simuliidae

is given in Table 2. 1.

Itis not within the context of the present chapter to con51der the validity (or ultlmate

: ‘.'rank) of genus-group segregates. Consequently, I have endeavored to use a system that is

o 'already familiar to most students of Slmuhldae Except for the dlffenences outlined above

I have followed esseﬁually the system of genera and subgenera recognized by Crosskey
(1981, 1987). A major advantage of this system is that comparatwely,few genera are

recognized (22), reﬂec'_t'ihg the structural homogeneity of Simuliidae relative to other

ICrosskey (19890) rele;gateS' members of Urosimuliu;n to the "Prosimulium s.str. aculeatum

group”.: ‘ - _‘ .

.
g
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Cuhcomorpha. It is also less cumbersome than the system favoured by most Soviet and
‘eastern European workers (e. g. Rubtsov 1974), in wh1ch numerous gener%re recogmzed —
(59+). A d15advantage of Crosskey's scheme, although not restricted to his alone, is that
certain genenc concepts are formed solel_y on the basis of phenetic d1vergence or similarity

of constituent species. ’I'hus, relaﬁuely'abenant groups of $pecies, such as those belonging

to the segregates f’winnja and Gymnopais, are accorded full generic rank, despite the fact

they are derived from a Prosimulium s.lat. ancestor (Wood 1978) Ina stnctly cladistic

cla551ﬁcat10n such taxa could only be ranked at the level of subgenus However this does

not present a serious problem in the context of the present chapter
3
'I'he relationships of some black flies are so madequately known that their generic .
. placement remains unccrtam One such group is the Austrahan spec1es included in Cnephza
Enderlein. “This is a group of S] cies whose members are only dlstantly related to Cnephia

s.str. Although Rubtsov (1974) relegates these species to Paracnephza there is insufficient

evidence at present to mclude them in that genus. For the present, I refer to these spec1es

R

as the Australian’ "Cnep}ua"

2

2.5.4 Structural characters and*terms for structures

o In thlS chapter I follow the gencral structural terms for Dlptera as outlined by
Teskey (1981). For structures that are umque (autapotyplc) for Simuliidae 1 follow largely
the.terms of Peterson (1981) Exceptlons to this scheme have already been pubhshed

(Currie 1986), and W111 not be considered in detail here.

1

One of the exteptions given by Currie (loc. cit.) is the use of the term" gill". In
ﬁ_lmuludae as in certain other famrhes of aquat1c Dlptera, the palred dorsolateral

appendages of the pupal thorax bear a plastron network. In suéh instances the term

L 4
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| spiracular gill may be applied appropriately., However, as the pupalyrAe iratot'y appendagés
of several culicomorph families Jack a plastron network, I have adopted e term

"respiratory organ" to prov1de an appropriate common term,

For specific structures of the larval head I use the terms of the following: Cfaig,
(1974) for the labrum; Craig and Borkent (1980) for the maxillary palpus, and Craig and
Batz (1982) for the antenna. For sclerotized featunes of larval abdominal segment nine, I

have used largely the terms of Barr (1984). ' ot

2.5.5 Phylogenetic methods

Relationships among primary lineages of Simuliidae were determined using
phylogenetic prmmples sensu Hennig (1966). Several excellent treatments of the "cladistic
method" have been produced in recent years (e.g. Eldredge and Cracraft 1980, Wiley

- 1981), and so only a brief account will be glven here.

By lmeage I mean one or more taxa that share a common history not shaned by
other taxa. Such lmeages are defined by shared, derived homologous characters termed
~ synapotypxes Hypotheses of relatxonshxp based on shared primitive character states
{symplesiotypies), or by mdependently derived non- homologous character states, such as '
convergences or parallelisms (homoplasxes), are reJected Among the pnmary goals of the .
e phylogenetlc systematist are: (1) to distinguish between synapotyplc and plesxotyplc

character’ states and (2) to recognize homoplasy

3

The sufﬁx "typy" is used in favor of the more commonly used "morphy" because both
e
schtural and non- structural characters (e.g. behavioural, ecological) can be used to define

lineages (TLoxmkos_lu 1967).
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The evolutionary polarity of characters (i-e. the direction of character-state

evolution) can be asse8sed ina number of dlfferent ways*(see reviews by Cnsc1 and
Stuessy 1980, de Jong 1980 and Stevens 1980) For most characters, 1 determined

] character-state polanty using the out-group companson method, a techmque summarized

by Watrous and Wheeler (1981) as follows for a gﬂ'en character with two or more states
| lethln a group, the state occurring in related groups 1s assumed to be pnrmtrve
Relationships of Simuliidae to other Diptera are reasonably well established, and are

considered in detail elsewhere in this chapter. | S
oy .
. - O ¥ -

Some character states, such as transformations of sifnuliid aL:tapotypies (i.e.
transfomations of character states occurring withih Sirnullidae but in no other family),
cannot be polarized using the out-group riethod — at least not very convincingly For
such characters, an in- group method of polanza%on was used. For some structures
character states were Judged to be prumt1ve if they were widely and commonly distributed

‘throughout the family. The shortcommgs and pltofalls of this technique were clearly

.""documented by Watrous and Wheeler ( 1981) ;;d :re not repeated here However, in

recogmzmg the hrmtauons of the technique, interpretations based solely on "commonality"

were kept to a minimum. But while it is understood that i In-group analysis, in itself, is not

a rehable indicator of character state polanty, hypotheses about synapotypy versus

symplelslotypy can be based on congruence or non-congruence of character-state\
transformatlons, s judged from other characters

s : ’ )
e ° : )

Hypotheses of synapotypy relative to homoplasy are normally dependent on

parsimony arguments as there i seldom decisive morphologrcal or ontogenetic e’vidence
forwarded to indicate that two smular character states are nonhomologous W ﬂey d98 l) ks
Ideally, relatlonshlps are-established using characters most reliable as phylogenetlc g
indicators. States of characters that are deemed less rehable as phylogenetlc md1cators and :

that are in conflict with hypotheses based 'on primary characters are Judged to be
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homoplastic. In the present work the relative value of a presdmed synapotypy is judged by
the criteria developed by I—lecht & Edwands (1976). Five levels of reliability are recognized . o
as follows, proceedmg from most reliable to least reliable: (1) apotypic states that are both
mnovauve and umque, 2) those that are part of a funchonal complex, (3) t.hose whose : g
development is related to ontogenetxc or allometric processes, (4) those that are the result of

- reductions, and (5) those that are the result of loss. i

Although I have accepted the general criteria of Hecht and Edwards (loc. cir.) T have
not adopted a comprehenswe wexghtmg scheme that dlstmgulshes among all categories.
Instead, I recognize only two general categories of synapotypy based on the overall
- reliability of a chamcter state as a phylogerletic indlicator. The criteria for each.cat_egory are
1) anary synapotypy — For a character state to be so designated it must (a)

fall within one of the first two categones fas outlined by Hecht and Edwards (i.e. the
| character state must be both i mnovanve and unique within Simuliidae and (b) not be
homoplasnc within Cuhcomorpha Both (a) and (b) must be sausﬁed for a character state

to be considered a pnmary phylogenetxc indicator.

2) Secondary synapotypy. +' A character state is designated thus if it (a) is \
subject to influence by ontogenetic or allometric processes; (b) is the result of reduction or .'
loss; (c) is homoplastic within Simtlliidae; or (d) has been so little investigated in
Simuliidae that conclusions about (c) canrtot.be made. If a character state is characterized

‘ by any of the criteria given above, it is regarded as a secondary phylogenet{ic indicator.

The basic topology of the cladogram 15 generated from pnmary synapotyples
Secondary syapotypxes are added to-the cladqgram in vigw of the relationships suggested
k by primary characters. A similar two—level a'nalysm was developcd by Anderson Ql_9§7-). -_

\

re



- redescription of the immature st'ages of P. crosskeyi is in order because I have reinterpreted

Qa

2.6 Structural and ecologreal features of the lmmature stages of

Parasm;ul_mm crosskeyz Peterson

L4

-

2.6.l Introduction

Descnptlons of the first-'and second-instar larvae of Parasimulium stonei, and of

the larva and pupa of P. crosskeyi, are prov1ded by Borkent and Wood (1986) and

. Courtney (1986).  However, in view of recently collected addlt_lonal material, a

1

several of the characters discussed in the original work and a number of phylogenetically

important features have subsequently come to light A firm understanding of such features

s paramount for estabhshmg relatlonshlps among the primary clades of Simuliidaé.

The following description is based on 43 larvae (middle- to late-instar) and 6 pupae;

-all Collected from 26 - 27 J une, 1986, Wahkeena Creek, Multnomah Co. Oregon (45°

_ 34’N 122° 07’W) All material was collected from within seeps adJacent to the main

stream and not from the main stream per sé. Numerous adults were also collected as they
hovered or rested beneath the streamside vegetation; but as males and females have already
been adequately descnbed it 1s .not necessary to con51der them any further here [see

- Peterson (1977) and Wood and Borkent (1982) for descnptlons of adults of‘P.' crosskeyi).

A single, middle instalr}larvae of Parasimulium was collécted on 28 June, 1986,
from a seep adjacent to Tra1l Creek Lane Co., Oregon (44° 00" N 122° 10'W). The larva
»was agreeable in all respects to similarly- s1zed P. crosskeyz from Wahkeena Creek;
however, only adults of P. stonei were represented at the Tra11 Creek site. As rmddle- and .
later-mstar larvae of P. stonei have yet to be descnbed, it is uncertain as to which specles

the larva belongs The hypostoma of second—mstar P. stonei appears to be readily

IS
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distiriguishzibic vfrom those of rﬁiddié- and tlaté’r—instar P. crosskeyi — at least as inferred
from the 111ustrat10ns prov1ded in the ongmal descriptions [cf. Borkent and Wood (1986
‘ﬁg 3e) and Courmey (1986, fig 5)]. If the Trail Creek larva belongs to P. stonei, as ‘
' ‘suggested by its association with adults of that species, then either the hypostoma
undergoes marked structural changes after the second instar, or the only known second-
: i};starlarva is aberrant. The alternative, that the larva in fact belongs to P. crosskeyi,
Z:anngt be rejected solely on. the basis of its lack of association with conspecific adults. Jtis
clear that additional discoveries will have to be made to deterrmne the true 1dent1ty of later-

mstar P. stonei larvae. Adults of P, stonei have been well descnbed by Peterson (1977)

/K;/ d Peterson and Courtney (1985).
/

2.6.2 Description

Larva (penultimate znstar) Length ca. 5 mm. Body translucent in live' spemmens
wh1te*m spemmens preserved in alcohol or Carnoy's solutlon (1 part glacxal acetic acid : 3

1}@ ethanol); alimentary canal readily v151b1e through integumegt, as darkened,

| sclerénzed poruons of mouthparts with many fme small, irregularly situated setae;

cephalic apotome w1thout pxgmented spots at points of muscle insertion; ecdysml line barely
dxstmgulshablc stemmata unpigmented, rarely with narrow, longltudmal plgmented band -

~ ("eyebrow") dorsally. Antenna (fig. 7) distinctly shorter than labral-fan base, extended 3/4 |
distance to apex; membranc. s antennal base (fig. 25, mab) broad basally, tapered distally,
apical portion elongate, subrectangular, somcwhat flattened dorsoventrally; bacteria-
covered multiporous sensﬂlum (bms) basolatcrally on membranous antennal base (bagtena . -
absent from some specimens) (fig. 25) flagellum not annulated, of smgle slender arncle

(dibtal-article sensu Cume 1986), concolorous with labral-fan basg, with fine hyaline



32
feﬁculaﬁoﬁs, basally with péu'r of multiborbus peg sensilla, apically ﬁm single uniporous
~ cone sensﬂlum Labrq.l fan fully developed, golden brown; base with moderately dense '
series of fine setae dorsally; primary fan of 17 - 20 slender, delicate, fnnged rays (fig. 26)
secondary fan tnangular flattened, of 16 - 19 rays, their tips in stralght line parallel to -
labral fan stalk. Mandible (fig. 27) w1th inner, subapical ndge W1th about 18 - 21 small to
'moderately large serrations (ms); mandxbular phragma darkly sclerotized, separated from
posterolateral margin of hypostoma by wide gap. Maxlllary palpus (fig. 30) 2.5 - 3 times
#As long as width at base; spicules absent; sensilla in circular cehﬁguraﬁon at ;pcx.
Hypostoma (fig. 28) with 1 large and 5 small setae per side; teeth arranged in 3 distinct o & :
groups: central group consisting of a long median tooth, longer than width at base, and 3 or
4 irxegulérly position‘ed submedian teeth (in most specimens with 2 sut;median teeth on one
side, and 1 on other; rarely with 3 on one side, and 1 on other);' latefal gron (on eit}'fgr side
of central group) more prominent than ceﬁual group, separated from latter by deep slot,
- lateral tooth longest, medial margin thh 2 sublateral teeth lateral margm with 2 small
paralateral teeth (not ev1dent on some specimens); margi.is of medxan,- outermost sublateral,
- and lateral teeth with minute serrations; laterdl margin of hypostoma with 3 - 8 lateral
serrations per side. Hypostomal bn’dge'(ﬁg. 7) much longer than hypostoma. Postgenal
cleft absent (fig. 7). Postoéciput (fig. 7) narrow, nearly complete dorsally, median gap
between dorsal arms narrow; cervical sclefites transverse, completely enclosed by dorsal
arnis. Suboesophagcal ganglion whlte v1s1ble through cuticle of head capsule.
Prothoracic proleg (fig. 29) elongate, its apex extended to level of (or anterior to)
hypdstomal groo_ve; lateral plate of proleg absent. Abdomen w’ith segments 1 - 4 rather
narrow, segment 5 moderately and uniformly expanded segments 6 -8 tapered posteriorly;
segment 8 ventrally with large, inflated, conical, posteroventrally directed Iobe (mvt),
" greater than 1/3 depth of abdomen at por- r attachment (fig. 48), rectal setulae present
(fig. 32); anal papillae of 3 simple digiwte lobes. Aﬁal sclerite (fig. 31) with dorsomedian

sclerite (dms) crescent shaped; dorsal arms (da) felatively broad, flattened, somewhat
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raised laterally, termihates as ahentispherical or snbrectangular“plate (terminal plate, tp);
ventral arms (va) not connected with do_rsomedian sclerite, their proximal extremities
midlaterally on abdominal segment 8, their apices nearly in contact ventromedially; spindle- |
“ shaped sclerite venu'ornedially (ventromedian sclerite, M), immediately anterior to gap
formed between apices of ventral arms. Posterior proleg (ﬁg& 31 32) of 12 -16 hooks in
140 - 160 rows. '

Pupa. Length 2.0 - 3.5 mm. Integument generally slightly sclerotized, nearly
transparent, with yellowish cast. Respiratory organ (fig. 8) nearly equal in length to pupal
body; base cylindrical, elongate, unpigmented, lacking plastron network (fig. 33); hole in
base of re'spiratory organ ("basal fenestra", bs) small, yentral (figs. 33, 34); felt chamber
(fc) present as an internal cont'mgﬁion of tracheal trunk (figs. 8, 33, 34), closely associated
with dorsal ‘wall of respiratory-organ base, terminated near origin of respiratory trunks;
respiratory-organ base branched into two main trunks dorsal trunk sunple ventral trunk
short, divided horizontally into 2 ﬁlaments of about equal. fength total number of
respiratory filaments 3; ﬁlaments rather inflated, shallowly annulated opaque, w1th a
plastron network (fig. 35) Head with numerous, minute, raised granules; anterma of male
ang female extended beyond hind margin of head by one or two segments. Thorax (fig. 36)
- with numerous, minute, raised, peg-li\ke granules;;\trichomes slender, 8 per side.
Abdominal segment 3 with tergite and sternite fused in form of 4 ring; segments 4 - 8 with
tergites and sternites separated by broad area of striated pleural membrane latter without
dxstmct sclerotized plates -(pleurites) or recurved hooks (fig. 17). 'I'ergltes (fig. 37) without
row of short fine, posteriorly directed spines (spine combs) near anterior margin; tergites 5
-9 with, at most, 8 tiny setae along posterior margin. Termmal hooks (fig.. 38\’@)

relatively short, their bases rather swollen; spmes nearly vemcal or W1th a slight anterior

‘inclination, their tips, at most only slightly dlvergent each with a m,' ately long, slender
B ety
seta on swollen base anteriorly. Sternites (fig. 39) 5 - 7 each with dne pair of large,



antenorly d1rected hooks (rh), hooks borne on posteroventrally d1rected tubercles, stermtes

. 6- 7 complete, not divided medially by area of longitudinally striate membrane "Cocoon a

ifi to moderately thick, loosely woven sleeve with a¢herent debns both orgamc and

] orgaruc cocoon enclosmg all of pupa except respu‘atory organ.

-

2.6.3 Natural History
.. Larvae pupae and teneral adults of Paraszmulzum crosskeyi have been reported
"ffrom the "hyporherc area"4 of Wahkeena Creek Oregon (Courtney 1986). However
several lmes of evrdence suggest a hypogean or phreatxc origin for this material: (1)
Paraszmulzum was collected from a seep adjacent to Wahkenna Creek (personal
observauon Courtmy loc. cit.), and not from the main stream per se; (2) Parasimulium
were collected in assocxauon with typ1ca1 mhabxtants of the hypogean zone, such as isopods
and amphlpods (E. L. Bousfield, personal commumcatlon) (3) neither Parasimulium nor
-any of the lcnown hypogean elements of the seep have been collected from Wahkeena

' Creek des;gxte mgensxve surface and subsurface sampling (personal observation, Wood and
Borkent 1982) (4) the immature stagei @f Parasimulium have some structural adaptations

, typlcal of cavermcolous orgamsms (blmd unpigmented. larva unpigmented pupa); (5)
)

- 'adults of Parasimulium were CQmmonly observed only within a 100 m distance of the seep

(personal observation; see also ‘Wood and Borkent 1982, ﬁg D). If Parasimulium were
drstnb;ated throughout the hyporheos of Wahkeena Creek adults wouid be expected over a

x'.r .’

:n 3--’ B r
-

| 4Hyporhelc mfe&s‘io (?he mtersntlal environment that is formed in the rrzuxture of sand,

gravel, and@pcks beneath streams (Williams 1984).

Hypogean or phreatic réfers to underground aquatrc habitats such as subterranean springs.

«

e



much wider area’ , | o R
All material collected in the present study wa,s‘taken from seeps that issued at least
| 10,cm above the Wahkeena Creek water line. Stones were carefully remoVe from the / .
mouth of the seep and exammed for Paraszmulrum Thrs process was contmued fora:
; drstance of up tolm mto the bank, ‘or until a pomt where no further specrmens were
found. A number of seeps were exarruned in this fashion, and a recurnng pattern became
) evrdent Each seep was overlarn by a denselg rooted layer of humus whrch precluded

t"

emergence of adults from anywhere but the moyth. The subterranean flow was deﬁmtely" _
channelrzed with the mai /)'r channel consisting of,poorly sorted stones and cobbles.” hThe
area Surroundmg this passageway ‘consisted of a wrder range of pamcle srzes and was held
together by a matrix of; rnterstrtral sand and clay, ‘As a result of this arrangement, water
passed much more copiously through the channel than it did the surroundmg és'ea Water

velocrty estimates for the channe'l ranged from 20 40 cm/sed

Mature larvae and pupae (up to penultrmate instar) were encountered only within the
first 20 cm of the mouth of the seep Earlier i 1nstars were predormnantly drstnbuted 30-'60
cm into the seep. Most larvae were encountered in groups of 2 - 5, side by side wrth their
posterror ends oriented inito the current. Such bandmg patterns are typrcal of filter-feeding
simuliids, and strongly suggest that Paraszmulzum larvae were feedmg in this fashion. Thrs |
. does not suggest that Pardszmuhum larvae are unable to engage m any one of several other

feeding strategies adopted by larval black flies (e g- browsing, deposrt feedmg, predation),

but it would seem from the stmcture of the mouthparts (labral fan mandrble hypostoma) .

~ that filter-feeding is the. pnmary means by whrch food is procured If this is so, then the
| feedmg mechanism of Parasimulium can also be taken agarnst the hypothesis of a ‘
hyporheic habitat, for it is doubtful there i is sufﬁcrent current in the hyporheos of Wahkeena ;
Creek to facilitate filter feedmg Williams and Hynes (1974) showed a substanual decrease

in current velocity between the surface flow of a stream, and that found at 10 cm below the
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stream bed. The veloc1ty contmed to decrease to-a depth of 40 cm (O 04 cm/sec), after

~which no flow could be detécted with the apparatus used.

Despite the fact that nearly 150 larvae of Paraszmullum crosskeyz have been field-

collected there has yet to be found a smgle last-instar larva (personal observation; D. A.

- Craig and G. W. Courtney, personal communication). Moreover, pupae seem to be far

less represented in the seep than would be expected given the relative frequency of lan)ae
and adults. In other black flies, the pupal exuviae typically remain attached to the substrate
for a considerable period foilowing emergence. This, plus the fact that mature larvae are
primarily distributed near ihe mouth of the seep, suggests that last-instars may be leaving
the seep to pupate. Unfortunately, I was unable to find Parasimulium beyond the mouth of

the seep, and so the location of the pharate pupa remains uncertain. The Wahkeena Creek

- site was not ideal for this part of the i mvestlgauon becaus; the seeps extended only fora °®

short distance (< 0.5 m) before termmatmg in a flooded ditch (see Courtney 1986 for a

e

fuller desonpnon of the site).

The hypothesis of an eitra-hypogean pupation site seems plausible considering the
potential problems of subterranean emergence. It would seem unlikely that a newly ‘
emerged adult could work its way through the labyrinth if it had pupated deep thhm the
spring. But even 1f an adult were able to crawl above the waterline, it seems unhkely that it

would be able to work its way through the dense humus ceiling @verlaying the. spring.

Discovery of the last;instar‘larva would be of interest not only in the con?e’xt of the
present study, but also for the cytological information it rnig‘ht yield. Last-instar sir'n'u‘h'id
larvae possess polytene chromosomes large enough to permit resolution of their banding
patterns. : Such chromosomal information ¢an be used to construct transformations
("cyiophylogenies"), whieh‘in- turn can be used to test phylo‘genies based on other
characters. None of the maferial'collected to date has pro;/en suitable for chromosomal

&



- 37

analysis ®.H. Adler, personal communication).

w &A few fctnales of Paraszmulzum hovered above the mouth of the seep, but were not -
seen% enter. They probably have a similac behaviour to ovipositing females of Twinnia,

- which fly upstreaﬁmnl they find the source of the spring (Wood 1978) It would be of "
interest to determine how the cggs are dcp031ted and how the early-instar larvae come to be

. situated so decp in the substrate. D. M. Wood (personal commqmcanon) found that

females of P. crosskeyi could crawl about in water placed in the bottom_of a vial, and so it .

-+ seems possible that they could enter the mouth of the spring to oviposit.
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2.7 -Monophyly,“Sister'-grou;!J relgtiopship,'and groufst plan of Simuliidae

- "B‘.:?

¥

oL e .:;‘5%
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Beca use of the structural homogenelty of Slmuhldae and the dxstmcuveness of its

seriously. Below I enumerate 23 characters that may be consxdered groundplan apotyples
of the family. But before a meaningful discussion of characters can be undertaken, it is

first necessary to-consider relatlonshlps of Slmuhldae with cladistically related families.

For the present stody I have édopted essentially the concept of the infraorder
Cuhcomorpha as outlined by Henmg (1973, 1981). Under this scheme, Cuhcomorpha isa
well deﬁned monophylenc hneage comprising two sister groups the superfanuly |
Culicoidea (Duudae Cuhcxdae Chaobondae), and the superfannly Chironomoidea
(Thaumaleidae, Slmuludae Ceratopogonidae, Chlronormdae) (fig. 1). \Synapotyplc

. characters for Culicomorpha and its consituent superfamilies have been mdlcated elsewhere

(Hennig loc. cit., Wood 1978) and will not be considered in detail here. However it is
expedient to con51der some recent additional evidence that bears on relatlonshlps among

Culicomorpha.”

Wood (1978) has argued convincingly that some form of labral feeding brush is

present in the larva of not only Dixidae, Cuhcxdae and Sxmuludae but of Ptychoptendae ag

well.” Thus, mstead of the Ptychoptendae belonging to the Psychodomorpha as held by
Henmg (1973) the farmly 1s best considered the sister group of Culicomorpha (D. M.
Wood, personal commumcatlon). Indeed, in the-classification given in the Manual of

Nearctlc Diptera (McAlpine er al. 1981), the superfamily Ptychopter01dea (comprising -

Ptychopterldae) is recogmzed in support of this hypothe51zed relatlonsth This is the

mterpretatlon followed in the present work. The labral fan has evidently been lost
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independently in larvae of Chaobondae Thaumalerdae Ccratopogomdae and -

Chironomidae. , (

\}The Hennigian concept of Cuhcomorpha has received almost umversal acceptagce .
among dipferists, with perhaps the only contentious issue bemg the ﬁlacement of )
 Thaumaleidae. Rohdendorf (1974), for example, placed Thaumalgidae and
Penssommatldae together as the srster group of all ofer "Tlpuhmo ha = Tlpulomorpha '
+ Psychodomorpha + Culicomorpha of Hennrg) G C D 'anﬁths (personal
commumcatlon) has drawn my attention to the work of Whltten ( 1960), which shows that
larvae of Dixidae, Cuhcrdae, Thaumaleldae'(as Orphnepblhdae), Simuliidae,
Ceratopogon'idae, and Chironomidae all lack the three ventral anastomoses normally

present in the tracheal system of larval Di 2. This provides further support for the
monophyly of Culicomorpha,.andreinfqrces the inclusion of Thaumaleidae in that

infraorder.

Having considered the relatir)nships of C'dlicomdrpha in general, it is now possible
to con51der relationships within the superfamily Chironomioidea. Henmg (1973, 1981)
, prov1ded the following characters in support of the monophyly of this taxgon (1) lst anal
vein (A) not extended to hind margin of wing, terminated very close to cubltuS' (2) costa

not extended far beyond terminus of Rl, (3) ﬁrst branch of radlal sector (either R, 43 0rRy)

termmated in radius (R,); and 4 presence of prothoramc and postenor prolegs in the larva. .

Another character that may also be synapotypic of Chrronommdea is the presence on the '
pupal respu'atory organ of a plastron network. The plastron is g respiratory adaptanon of .
aquatic insects whose habitat is subject to frequent and extcnsive.ﬂuctuation’s in water level
(Hinton 1968). Presence of such a structure is well established on the pupal respiratory
organs of Simuliidae and plesiotypic Chironqmidae' (Aphroteniinae, Podonominae, |
Tanypodinae, and Telmatogetoninae [?] — cf. Coffm;n 1979), but I have also found this

to be true for Thaumalea arnericand Bezzi. It therefore seems possible that a plastron is part

3
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L of thc gfo'undphn of Chironomoifide lastron has yet to zdocumented on the pupal

' gov dae although it is unclear to whe;her this represents

-
2 o o1 ntion of spiracles

(amphlpneusnc condxtlon) in larvae of Thaumaleldae but thelr abscnce (apneusnc .

condmon) from larvae of most other Ch}.m‘g’xommdea (Henmg 198 l) The- amphxpneusuc\

system is the most common condition in Diptera and is characteristic of larvaé of

g Tanydend%c Axymyiidae, most Psychodidae, Trichogeridae, Thaumaleldae Anisopodidae

and most érach‘y\:era (Teskey 1981). Cranston et al. (1987) have interpreted the*
metapneustic condmon in spec1es of Afchaeochlus Brundin as primitive for Chironomidae;

however, it seems that their conclusmns may be based on a mlsmtcrpretatlon of the

- spiracular system of larval Thaumaleldae (which they considered metapneusnc) All

- species of Thaumalea Ruthe are amphipneustic, as are species of Trichothaunalea

Edwards, and Androprosopa Mik (Lindner 1930, Teskey 1981). T am not aware of any
reports of the spiracular system of Aus.trothawnalea Tonnoir, although that\author (192.7) ’
indicatesl that the larva is similar to those.of other thaumaleids. The larva of Afrothaumalea
Stuckenberg has yet to be discov‘efzcd,(Stuckenberg 196~1)' Remm ( 1975) has concluded
that the apneustic condition in Ceratopogomdae (the probable sister taxon of Cmronormdae),
is primitive for that family. Since Archaeochlus i 1s apparently the only chironomoid genus
whose members possess the mctapneustxc condmon it seems more likely that the character
is a synapotypy of that genus alone. This mterpretatxon woul&'hfute the conclusmn of
Cranston er al. (loc. cit.) that the primitive larval habitat for Chironomidae is eurythermic
and hygropetric, rather than cold stenothermic in l‘otic waters (cf. Brundin 1966). The

metapneustic condition in Archaeochlius is probably\an adaptation to an environment subject

. to periodic drying, and would permit the larva to breathe atmospheric oxy.gem..f Spiracular

1Y



Culicomorpha is dia ed in figure 2, with hypothe51zed groundplan states mdlcated at” @L\

each mternode of the dendrogragl
ﬁ .

3% Wood (1978) provide‘d further evidence for the sister-group telationship between
Tﬁaumaleidae and all other Chirono}noidea by showing that spermatophore formation and
- transfer is characteristic of Simuliidae, Ceratopoéonidae, and Chironomidae, but of no .
other Nematocera. Relationships among these latter three families .ane ngt as clear, although
a sister-group relationship is suggested beween Simuliidae and Ceratopogomdae +
Chlronorrudae (Hennig 1981, Wood 1978) “This mterpnetatlorf seems to be the most
reasonable at present, and?; accepted here. A summary of the relationships dlscussed

above 1s presented in figure 1.

" The hypothesis of a close relationship between Simuliidae and Chironomidae has
been advanced by several authors (Shewell 195’8, Davies 1965a, Rubtsov 1974).
However, such hypothese§ must be based on purely phenetic grounds, for most characters

shared between the two families are symplesiotypic.

The following discussion of simuliid groundplan apotypies is based on out-group
relationsfllips as discussed above. I take as the prijﬁitive out-group Ptychopteridae,
Culicoidea, and Thaumaleidae; and as the derived out-group Ceratopogonidae and
Chironomidae. Simuliid apotypies enumerated below without comment have already been
discussed elsewhere, and are sim;}]vly followed by the appropriate citation, and an indication
about the hypothesized primitive state. The symbol (p) indicates characters that are judged
to be primary synapotypies; (s) indicates secondary synapotypies. A
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2.7.1 The adult groundplan: Apotypies .

o \
Character 1 (s). e : _

Pedicel {ped) teduced, not nuch wider than first ﬂagellomere (flgm 1), cylindrical,

similar in both sexes.. — (Wood and Borkent 1982) (Yigs 40, 45). ‘The pnmmve state is

for the pedicel to be large relative to thc lao

Character 2 (s).

. Form of antennal flagellum. — Althdugh flagellomere number in Simuliidae varies
between 7 (irx species of Twinnia, Gymnopais, and some Prosimulium ) and 10'(in certalin
species of Simulium s lat.), I concur with‘Henm"g (1973) that the basic number for the
~family is 9 (fig. 40). This is because 9 flagellomeres is the most comrnortly and widely
encountered con:l,l.tion among simuliid genera. Ten ﬂagellorrteres are present in
Thaumaleidae, and 13 each in Culicidae, Chaoboridae, and most Ceratopogomdae (11-12
~ in females of Leptoconops Skuse) (Borkent et al. 1987). Fourteen ﬂagellomeres are
present in Dixidae. Flagellomere number in Cluronormdae vanes between 1 and 15;
however, it appears that the majority of genera are charactenzed by 13 or more
ﬂagellomeres in the male. The relatively small number of flagellomeres in Simuliidae must
therefore be considered derived with respect to most other Cuhcomorpha. At least two
other apotypic features of the simuliid flagellum are ev1dent the ﬂagellomercs are generally '
shorter, broader, and more closely appressed than in related families (giving the antenna’its |
chamcten'stic thickset appearance); Khe ﬂagellum of males lacks the whorls of long setae

charactcnstlc of males of other Cul1comorpha (Wood and Borkent 1982) (fig. 45).

Character 3 (p). o "
Wing grearly broadened at ba.re — Black fhes ane .unique among Cull\:omorpha in

having the wing greatly broadened.at its base (fig. 9). In this respect, the wing resembles



nos

.

~ that ef the distantly related Blephariceridae and Deuterophlet_)iidae (Hennig 1973). A
greatly broadened wing base is eyidently an adaptation of rheophilic insects. whose pupae
are bound to the substrate beneath the water. It presumably allows the newly emerged

adult to unfold its wmgs very rapidly upon amval at the water surface (Henmg loc. cit.).

Character 4 (s). _ .

A small but distinct basal mezial (bm) cell. — 1 cannot ag;ee with the
interpretation of Hennig (1973) that crossvein m-cu (tb) is ahgent from Simuliidae. This
crossvein, Which, forms the apical margin of the bm cell, arises close to the wing base of

most black flies (fig. 9). The consequence of such an arra'ngement is a small,,but in most

]

genera distinct, bm cell. The groundplan condmon for Cuhcomorpha is for the bm cell to

be much larger, thh crossvein m Cu arising more aplcally on the wmg (at or near the level
of crossvem r-m). This latter condmon is bas1c to Dixidae, Chaobondae Cuh01dae
Thaumalexdae and Chironomidae; although secondarily 1ost in some hneages The,small
+ bm ceh in Sunuhldae (absent from some genera) is der’ived with respect to these families.
' The condition in Ceratopogonidae is futther denved in lackmg crossvem m-cu altogether.
; u*’dv?‘ ( o \ '
Character 5 P | ' e EERR

m;r £

1982) (fig. 41). The claw of other male Culicomorpha is simple aplcally

2
o

TR
- Character 6 (p)- _
" Hind tarsomere I (= hindbasitarsus) laterally ﬂattened and ventrally keeled. —

Wood and Borkent 1982) (fig. 62). The plesiotypic condition is for the hmdbasltamus to
be more cylindrical.

43

Claw of male wzth cdmb lzke spines on dorsal side at base — (W ood and Borkent |



Character 7 (p).
Tergum I of abdomen with posterior fringe of long hairs (= basal fringe) on each
szde — (Wood and B&cent 1982) (fig. 42) No such frmge 1s evident in any other

' Nematocera.

| Character 8 (s). |
A-single 14"8f median spermatheca, with }etention of the tiwovlateral ducts. —
(Wood and Borkent 19825 (fig. 10). Three spermathecae aré present in the Diptera
groundplan. | - | §

. 4
. .

. Character 9 (s). >

%

Feeding behavior of adult female. — Therg are at least two maJor dlfferences

‘ th Iqod feedmg behav10r of bfack flies and that of other haematophagous
N ematocefa_ ',_Flrst blood- feedmg in the 51mu111d groundplan is strictly dluma.l6
Culicidae, Ceratopogomdae and Phlebotommae feedmg may occur nocturnally as well.
wﬂecond black fhes spem;‘relatwely long period of time crawhng and probing before
‘?ﬁ« lﬁng a host; females of Cuhmdae Ceratopogomdae and other haematophagous Dlptera
v ; i Blte very rapldly upon settlmg (Rubtsov 1969). Both of these characteristics may be
T l mterpreted as denvea in Spnuludae I disagree with the interpretation of Rubtsov (1974)
| ; | that simuliids are prumuvely autogenous There are relanvely few species whose females
; are incapable of takmg a blood meal and their mouthparts are very similar to those of
anautogenous spec1es except that their mandibles and maxﬂlae are weakly developed

"(Nlcholson 1945). W

- e b + i,

SFemales of ornithophilic speeies of black'ﬂj_es may feed necturnally as well, but T-consider
this to be a secondarily derived feature of Slmuludae
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2.7.2 'Ffie pupal groundplan: Apotypies

Character 10 (p). ,

Respirafory organ (r.0.) with a "basal fenestra” laterally, — Most simuliids have
a circular or oval-shaped area of very thin cuticle near the lateral base of the r.o. (a structure
here termed the basal fenestra) (figs. 11, 15, 33, 34) At the larval-pupal ecdysis, the basal
_ fenestra bursts to allow water to enter the lumen of the r.o. The shape of the r.o. ;s thus
rendered mdepcndent of variation in hydrostatic pressure (Hinton 1957). The r.o. of -
Crozetia crozetensis lacks a basal fenestra, but the greatly prostrate form of the r.o.
suggests that the fenestra may have been lost from that species.”

o .

Character 11 (s).

Respiratory organ (r.o. ) ;izultibramhed. — Imits basic form, the r.o. of pupal
Culicomorpha/ consists of a simple cuticular tube. A branched r.o. is found only amoné
members of Simuliidae (figs. 7, 11) and some pelatively der{;'ed lineages of Chironomidae
(e.g. Chirgpiomini.and some Pseudochxronormm ¢f. Coffman. 1979). However, it is clear
that the condition in these two families has bcen derived independently. In the simuliid
groundplan, a common r.o. base glvess rise to 3 main branches, although secondary
ﬁlmnents‘tqay arise from th@set"primary trunks/‘f.\ \’/Su‘ch a qbnditioq is found in at least
some members of the following plesiotypic genera: Parasimulium, Prosimulium s lar.,
Twinnia, Gymnobais,. Procﬁephia, Paracﬁephia and Mayacnephia. The evol utionary
transformations of the pupal r.o. of Culicomorpha is diagrammed in figure 15. ©

'

Character 12 (p).

Pupal spiracle with regulatory apparatus operated by pharate adult. — H,'he phaxate

_ adult of simuliids can regulate the openmg and closing of the pupal spiracle by movmg an



apodeme that bridges the pupal asd adult cuticles (Hmton 1957) (fig. 33, ras). Among
Dlptera, only the Psychodldae possess a similar mechamsm (Sachell .1948), but thlS is

- -

undoubtedly the result of convergence.

3.
~ Character 13 (p). ~
Abdomindl segments 3 or 4 - 8 with tergites and sternites widély sepafated by
"pleural membrane — The abdominal tergites and stem1tes of most Culicomorpha are
evidently fused to each gther laterally (i.e. they are apparently undivided by pleural
membrane). The groundplan for Simuliidae is to have a wide area of striate pleural
-membrane (pl mem) d1v1d1ng abdommal segments 3or4-8. Such a condition is found in
nearly all sunulud genera including Paraslmulzum (fig. 39). The tergites and sterrutes of
Crozetia are only narrowly separated by pleural membrane (Davies 1974, personal
observauon), but th1s 1s probably a secondary development, as mferred from other
characters (see also discussion of character 46). Similarly, the rmg -like appearance of
pupal abdonunal segment 3 in Twinnia and Gymnopais has been ingypreted as a
secondanly denved feature (see d1scuss1on of character 46 in chapter 3). The evolutxonary
ntansfonnanons discussed above are diagrammed in figure 17.
‘Character-14 (p). ;
Pharate pupa eeds and spins z&s‘ cocoon. — According to Hinton (1958),
simuliids are unique among Dlptera in that the pharate pupa is able to feed and spin its own

~ cocoon. In nearly all other endopterygotes, feeding ceases after the larval - pupal apolysis,

and it is the larva that spins the pupal cocoon.
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, 2.7.3‘ The larval groundplan: Apo‘typies

Character 15 (s).
. oy o zﬁ 3 )- . ‘-3‘;*

instars reported for Simuliidae varies from 4t09, deg}endmg on species (e g Yakuba o

1960, Harrod 1964, Fredeen 1976, Cralg 1975). However, because instar numbers can

only be d1$tmgu1shed using sophlsucated tec%xques (Colbo and Wotton 1981), early

‘i’éports of only four mstars are open to question. Most spec1es so far investigated have

elther six or seven larval instars (Crosby 1974) and the groundplan for Slmuludae is

probably in this range Most other 'Nematocera have a fixed number (4) of larval instars

(Hennlg 1948). Four instars have been reported for Dixidae (Peters 198~1) Culicidae

(Wood er al. 1979), Chaoboridae (e. g ~Borkent 1979), C}%ononudae (Oliver 1981) and o '.

Cer‘opogomdae (e.g- Chan and LeRoux 1971). The number of larval instars for _

Thaumaleidae has n& been firmly estabhshed Mandaron (1963) resolved between 15 and ‘

20 instars for Thaumalea testacea Ruth larvae; and B. Smclau (in lire.) found in the order of 5

8or9 mstars for T americana larvae. However, it is doubtful that this is mdxcat:we of the

’

monophyly of Thaumaleidae + Sunuludae

Character 16 (p).. o ' . £ T
Form of Iabrum and labr0pa1atum — As indicated by Craig (1974) and Wood

(1978) the labral fan oﬁ S”uquhdae is fundamentally the same structure as the "lateral palatal

brush" of other nemaytOCeran famlhes (Dixidae, Culicidae,*and Ptychoptendae) (fig. 12)

Indeed, Wood (loc: cit.) has argued that the labral fan of these faxmhes are homologous

and thus i is evidence of their common ancestory. Nevertheless, several independently.. :

denved features of the simuliid labrum are ev1dent, and are discussed below:

a) Reduced number of rows of labral fan rays. — The labral fan of Ptychoptendae

*.and most Cuhcomorpha consists of many rows of numerous ha1rs. In .

4
¢ . . . .
§ .
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Simuliidae, the number of rows is reduced to three; the pnmary fan (pf), the
secondary fan (sf), and the median f; ) (Chance 1970) (fig. 43).

b) Intertorma with anteroventrally dire ’ p — The intertormal stem of
simuliids does not have a homologue in other Nematocera (Craig 1974).
¢) Interdigitation of ventral fa.s'czcles of the posterior fromolabral muscles (61). — oy
According to Cralg (1974) the interdigitation of the posterior frontolabral |
muscles of Simuliidae is apotypic in_relation to the non-interdigitated conclition o_f
_ most Nematocera. This latter condition s also evident in larvae of Twinnia and
Gymnopal's, but probably as ]::versal. ‘ |
bharacter 17 (p) _
Salivary glands Iarge folded — Rubtsov (1969) drew attention to the extremely
.- .large salivary glands of sunulud 1arvae These glands are perhaps the largest of any
' ‘,Nematocera‘relaUVe to the size of the body. From the salivary meatus, the gland projects
| lpostenorly to segment 7, whereupon it doubles back upon itself (Puri 1925). Secretions of

| the salivary glands are used for locomotion and for the production of cocoon silk. The - .

: glands also contain giant polytene: chromosomes the banding patterns of which can

| ~ provide evidence of 51b11ng species (Rothfels 1981) {

Character 18 (p).
Bacteria- covered multiporous sensillum (bms). — This sensillum is situated “ ¥
" ventral to the membranous antennal base of simuliid larvae (Craig and Batz 1982); it is also
present in the larvae of Paraszmu]zum stonei (Borkent and Wood 1986) and P. crosskeyz N
'_ (ﬁg 25). Although Craig and Batz (loc cit.) have suggested that the bms is a possible
| homologue of the Lauterbom s organ of chironomid larvae, the position and form of the
former sensxllum renders th1s.1nterpretatlon unhkely No Homologue of the bms has been

identified in any other Cuhcomorpha

-
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Character 19 (p): ‘h“ ‘ )
Dorssl anus ~+ennig (1973) remarked on the presence of a éorsal anus in larval

Simuliidae (fig. 12). The most comrnon condition in Diptera is_f:or the anus to be ventrally
situated — although terminally situated in sorne Nematocera (Teskey 1981). But because
of.the terminal position of the simuliid posterior proleg, the anus has neceséarily assurned a
dorsal position. This is because the posteroventral region of the abdomen is closely . |
a\ﬁpressed to the substrate, and is thus rendered unsuitable'as a site for defecation. The
anus of larval Thaumaleidae occupies a similar position so it is possible that a‘,dorsal anus is

part of the Chironomoidea groundplan However the condition in srmuluds is exaggerated
-' because of the 1ntervent10n of the anal sclente (as) between the anus and the postenor -
proleg (pp) (ﬁg 13) (see also dlscussmn of character 21 beloW) I regard this latter state as
being synapotypic for Slmuludae N o

v
-

Character 20 (p). . © . | y o S | .
Anal papillae of r}rree Iober — Srmuluds arg umque among Cuhcornorpha in
vpossessmg an odd number (3) of analupapﬂlae (ap) The paplllae are exther 51mple as in
most simuliid genera"(ﬁg 12), or bear many secondary branches or lobes as is found i in
many species of’ Szmulrum s. lat (ﬁg 13)., All olher cuhcomorph larvae as far as I am
¢

aware, possess an even number (2or4yof sunple anal paplllae Four is evidently the

groundplan number for Cuhcomorpha Ana.l paplllae probably serve i in osmoregulat1on

(Rubtsov 1969)

Character 21 (p).
- Anal sclerite. — The anal sclente 15 visible as an X-, Y-, or subrectangular- shaped
structure on the dorsum of ’abdormnal segment nine (figs. 13, 31). Inserted on the sclerite _

are muscles that operate the posterior proleg (Grenier 1949, Barr 1982). No other



' éulioomorph possess such a structure. The anal sclerite is absent from Ectemnia, but =

- this is probably the result of loss.
» . . .
Character 22 (p). ’ , e
Hook rows of thoracic and posterior pralegs. — Slmuludac the.only famﬂy of
Chuonomoxdea in which the hooks of the thoracic (fig 14, 56) and posterior prolegs (ﬁg

13, 31, 32) Jed in longitudinal rows. The hooks of prolegs of Thaumaleldae

- ;M - .
Chlronoﬁudacpand @cratopogomdac are variously and irregularly arranged, but not in the
linear fashloh of black-fly larvae. The condmon in Simuliidae is regarded as%otyplc

(D.M. Wood, personal communication). . . | :g s
: . - ‘.1'_

2.7.4 The Egg Grouqdplan: Apotypies
. . | L
Character 23 (p). . -
. Egg mangular wzth a dorsal transverse bulge — Borkent and Wood (1986)
conci‘uded that t}‘le tnag Iar egg shape of Simuliidae is synapotypic for the family. The
typlcal condmom mNématocem is for the cgg to be oval or nearly cylmdncal in outline.

’;.

S | .
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2.8 The primary evolutionary lineages of Simuliidae

I recogriiie two basic lineages wiﬂ?ﬁtﬁi:nuliidae, ranked in a formal classification
as subfamilies: Parasimuliinae and Simuliinae. 'Within Simuliinae, the initial dichotomy is

accorded the rank &f tnbe as follows Pr051mulum and Srmulnm In this sectxon I )

enumerate characters hypothesrzed as groundplan apotypies of these pnmary evolutionary

lineages.

Each of the four lineages is treated on an individual basrs although the numbering

of character states is consecutlve between treatments. Numbermn the character analysis are

the same as those used in the concluding cladogram Arrangement of characters follows a

structural rather than a phylogeneuc sequence

~ The distribution of character states among simuliid genera is summarized in Table

1

2.2. The plesiotypic state is denoted by the symbol 0. Character transformations from the -

- plesiotypic state are denoted as 1, 2, 3, and so on, where character state 1 represents the

initial intermediate stage of a transformation series and subsequent numbers represent
mcreasrngly derived states For some features, more than one character transformation has
evxdcntly evolved from the plesrotyprc condmon The,symbols 1,2°...or 1 , 277

etc. are used to 1nd1cate such mdependently denved character transformauons §

-

“Each eharacter state ergérmerated below is foilowed by an 1nd1cat10n as to whether
or not it 1s considered to be a _primary phylogeneue mdrcator The symbol (p) denotes a
prrmary synapotypy, (s) denotes a secondary synapotypy Character states dlscussed by
Wood and Borkent (1982) receive little further comment, except for an explanatlon of the

symbols used in Table 2.2.

51 .
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2.8.1 Subfamily PARASIMULIINAE Smart |

. PARASIMULI]NAE Smart, 1945: 479 Type genus Pﬁraszmu”‘lzum MaIloch 1914

Peterson ( 1977) provided a d1agnosrs of Parasunuhmae-baséd g,n featurgs gf thg
4

adult male. The followmg diagnosis expands on his deﬁmtmn and includes feaaues of the
female, pupa, and larva. The dJagnosrs of the 1mmature stages may haye tb l;eﬁamended%” | Pt
: : P S TN ST o —"'5“
lrghtoffuturedrscovenes . _. R R A
Dragnosm MaIe and E emale Branches of Rs w1dely separated by membrane R1 ,

connected to C slightly before rmddle of wmg, R4+5 connected welzh)efore terrmnus of C

: d Rs with long setae false vem (m-cu fold) 51mple aprcally, Cqu only shghtly
x Kateprstemum rudunentary almost pomted ventrally in prokle lcateprstemal
sulcus absent. Mesepuneral tuft absent Calc1pala and pedlsulcus absent Male Eye wnh
facets similar in size (except few large facets anteromedially); eyes w1dely separated at
vertex (dichoptic), nearly in contact below antennae., Gonostylus w1thout aplcal peghke R
seta. Ferale: Sternum X undmded medially. Pupa Plastron network only on branches of
respiratory organ (absent ﬁ'om elongate common base of respuatory organ) felt chamber
evrderrt in base of resprratory organ as mternal membranous continutation of mesothoracrc
. spiracle, terminated near ongm of respiratory organ branches; mesothoracrc sp1racle
. commumcatmg w1th lumen of respiratory organ Abdormnal segment 3 complete (rmg-
like), undivided by pleural membrane Stermtes 6 and 7 und1v1ded medlally by . a .
longitudinal area of striate membrane Pleuron w1thout recurved hooks Tergltes thhout
anterror row of postenorly drrected spmes (spine-combs). Larva: Antenna of 1 article.
Postgenal cleft absent Lateral plate of prothoracic proleg absent. Abdommal segment 8
with smgle large, comcal lobe ventrally Anal sclente w1th ventral arms not: articulated
with medxan sclerrte dorsally, apices of ventral arms nearly in contact midventrall'y,

|
H

. o~



1 the compound eye e) (ﬁg 44). Such a structure may be found in Astoneomyia, but the

-~

separated by small, spindle-shaped sclerite (ventromedian sclerite).

The single genus in the subfamﬂy, Parasimulium, is recorded only from the
~western Nearctic region. It compnses 4 specxes in two subgenera: Paraszmulzum s.str. (3
SpCClCS) and Astoneomyia (1 spec1es). The monophyly of the subfanul‘y is uncertain at
, ‘oresent, and will remain so until additional material of Astoneomyia is collected (Wood and

‘Borkent 1982). However, at this time, I consider the genus to e monophyletic. Character

i

- states 26 - 30 have been confirmed for sﬁecies of both Astoneomyia and Par

- Parasimulium s.str.

C :'lfl’xe_adulf groundplan: Apotypies ' ;

- Character 24 (s)
' Stemmatzc bulla —— Species of Paraszmultum s.str. share with those of

‘4 Gymnop?s/and Twmma a shmy ra.lsed stemmatic bulla (sb) near the posterior margin of

. head of the only known spec1men is missing. All other simuliids lack a prominent bulla (0)
" (ﬁg 49) although one is suggested in some species of Prosimulium s.str. and P.

o (Helodon) (Wood 1978) The only other ﬂlCS with a 51m1la: structure

the
| . nymphomyuds (Keva.n and Cutten -1981) and some aberrant Chirono dae (Olivgr 1981).

o The preSence of a bulla is correlated W1th reductlon of the compound eye (McAlpine 1981),

Simuliidae, a

‘and has undoubtedly a]rxsen several tﬁ’nes mdependently m‘
1 promment stemmauc buIla has ev1dent1y evolved at least twme once in Parasimulium, and

, once in the Twmma Gymnopazs clade The bulla is thought to be the remnant of the

larval eye |



CharactchS (s). SR BEE ' : p
> J P

Amennal flagellum of 8 amcles — As dlsgussed under the sectlon on sunulud -
gro&dplan apotypxes (character 2) the bas1c ﬂagellomere number for adults is presumed to
be 9 (0) Thus, the occun'ence of only 8 flagellom Sin Paraszmulzum s. str is con51dered
apotyprc (1) (fig. 45). Other 31muluds possessmg 8 arncled ﬂagellum mclude spemes of
: Austroszmulzum Paraustroszmxdzum and isolated spemes of Proszmultum S. lar Gremera
and Simulium s.lat, Th1s regressxve condmon has undoubtedly evolved several times
-1ndependent1y in Sunuludae and thus is not convmvmg ev1dence of the monophyly of

I

Parasimulium s. Str. The condition in Astoneomyza is unknown Other character states in
§ :

Simuliidae are as follows 7 ﬂagellomeres 2), ld ﬂagellomeres ( 1 )
: f."f‘:‘
1/

Character 26 (s)

Katepzsternum markedly reduced almost pomted ventrally in profile. — (Wood
and Borkent 1982). The apotypic state is'1 (ﬁg 46) the plesmtyplc state, a katepisternum
that 1s much more convex ventrally, is 0 (ﬁg 50) Because the apotypic state is a |
, ’reductlon it cannot be taken as pnmary ev1dence of the monophyly of Parasimulium s la.
Character 271 (s).

Mesepzmeral tuft lost — (Wood and Borkent 1982) ‘The apotyplc state is 1 (ﬁg
»46) the ple51otyp1c state, whrch 1s for a tuft of seta to be present on the dorsal part of the
’ meseplmeron is 0. Loss of the tuft cannot be taken as pn;nary ev1dence of the monophyly
of Paraszmulzum s. lat as such a condition is regressive and subject to homoplasy

@,,
Character 28 (s)

Basal medial (bm) cell lost. — A small, distinct bm cell is commonly and widely

| distributed amonmmulud genera (ﬁg 9). As discussed under character 4 such a

condition is mterpreted as part of the simuliid groundplan (0) Absence of thls cell must “



L v ‘ red derivative (1) (fig. 20), and is evidence of the monophyly of

oy ‘

Uk Astoneomyia. However, a regressive bm cell is also found in other
‘:Glgantodax Simulium s.lat.) and in itself does not prov1de strong

evidence of the moﬁo'p ‘ 1y of Parasimulium s.lat.

Character 29 (s).

Basal radial (br) cell reduced in length. — A relatively long br cell is e?idently part
of the culicomorph grouﬁdplan, at least as inferred from the distribution of this character
-thi'oughout the infraorder. InCulicoidea, the br cell is equai fo about one-half the length of
vthc’ wing as m ed from the base of the cell. In Chironomoidea, the cell is rather varied
in length, and::;/idcmly become reduced through convergence a number of times. Two
length categories of the br cell are recognized in Simuliidae: one, in which the br cell is
equal'to about one-third the lenéﬁl of the wing as measured from the base of the cell (fig.
9); and another, in which the éell is leSs than one-quarter that length. Because the former
condition is widespread among simuliids, and most 019§§:ly .approximates the condition
found in Culicoidea, I regard it as being plesiotypic (0). A derived (svhortened) breell (1)
§ characteristic of Parasimulium s .str., Astoneomyia, and at least two other simuliid
lineages (Austrosimulium, Simulium s.lat.). But based on other characters, the condition

in Parasimulium s.lar. is clearly independently derived from the others (fig. 20). This

‘character is not convincing as a synapotypy because it is regressive and subject to

homoplasy.

- Character 30 (s).

Gonostylus with apical peglzke sera lost. — (Wood and Borkent 1982). The
apotypic state is 1 (fig. 47); the plesiotypic state, a gonostylus with one or more setae, is
0. The seta has evidently been lost from various other lineages of Culicomorpha, including

- Simuliidae (Simulium subgenus Shewellomyia Peterson). This character is therefore only



taken as sécondary phylogenetic evidence.

Character 31 (s).
Mating behavior. — Wood and Borkentw(1982) provide tailed description of
the maung behavior c?? 2’ crosskeyx Virgin females rest motionless on the undersides of
| leaves while males search underneath such Ieaves for prospective mates. This same
behaviour has subsequently been observed for P. stonei (D. M. Wood personal
' comﬁmumcauon personal observation). The typical culicomorph condition (as in most
- other Diptera — ¢f. McAlpine and Munroe 1968) is for the male to form aerial aggregations -
(swanns), into which the female flies to become mated (0). ‘The mating behavior of
Parasimulium is probably apotypic for Simuliidae (1); h%wever, the majority of genera
have yet t0 be surveyed for this c;haracter. Character state 1” denotes simuliids that mate
on the ground, such as species of Gymnopais, Cnephia dacotenszs (Dyar and Shannon)
and Simulium decorum Walker.' Until more is known about the mating behaviour of

Simuliidae, character state 1 can only be taken as a secondary phylogenetic indicator.

Character 32 (s). - l

— Autogenous females. — As discu%l under character 9 adult females of Simuliid‘ae
are presumed to be primitively anautogenous (0). Theu mouthparts agree in many
unportant features with those of the following Diptera, which alsognave blood-sucking
representatlves Blepharocendae Psychodidae, Cuhc1dae Chaoboridae (Corethrella),

- Ceratopogonidae, Tabanidae, and Rhaglomdae (Downes 1958, Borkent e al. 1987).
Although the feeding behaviour of most simuliids has yet to be determined, the hkehhood
of blood feedlng can be 1nferred from the structure of the mouthparts Spec1es that have
_well developed teeth on the mandibles and laciniae are presumed to be blood feeders,

whereas species that lack such armature are presumed to be mcapable of piercing the skin

(Krafchik 1942 Nicholson 1945). On this basis, females of Parasz‘mulzum are presumed

P

53
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-to be autogenous (l).K The symbol "7 is used to indicate characier states that were
determined solely with reference to the structure of the mouthparts (Table 2.2). The
apotypic state cannot be taken as 21 primary phylogenetic indicator because autogeny has
evidently evolved a number of times indcpendéntly in'Simul‘iidae. All species of |

Gymnopais are autogenous, as are isolated species of many other genera.

The preimaginal groundplan: Apotypies

Chardcte 33 (s).

Ma.;illary palpus of first-instar larva with subapically arranged sensilla. — Borkent ,
and Wood (1986) provided a description of the maxillary palpus of first-instar
Paréyimulium‘ stonei. Instead-of the typical culicomorph condition, in which the sensilla-
are apically postioned and in a circular configuration (0) (Craig and Borkent 19‘80),>the

-sensilla are subapically situated on the palpus, althéugh §ti11 in the typical circular
arrangement (1). The condition in first-instar Parasimulium was interpreted by Borkent
and Wood (loc. cit.) as an interme'diaté stage of a transformation sen’és between the usual
cﬁﬁcomorph condition (as in most simuliid genera éxamined_; e.g. fig. 30), and the
laterally-positioned-but-linear-arrangemeit of sensilla in first instars. of Prosimulium,
Twim;ia, aﬁd Gymnopais (17) (fig. 60). In the px‘eéent analysis, I regard the. condition in
Parasimulium as independently derived. The arrangement of palpal sensilla in first-instar
Astoneomyia is unknown. éharacter state 1 can only tentiti\v/ely be considered a

' synapotypy of Parasimulium s lat., as the majority of simuliid genera have yet to be

- surveyed for this character.
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s

Character 34 (s). .

Abdominal segment 8 of larva with a smgle large, conical lobe ventrally —In the v
chironomoid groundplan the venter of abdominal segment 8 is simple (i.e. there are no
bobv1ous projections or extensions of the abdommal cuticle at that pomt) A simple segment
8 is probably also part of the groundplan for Sxmulndae (0), as mferred from the
‘occurrence of: such a condmon in the following plesmtyplc taxa: Proszmulzum Levitinia, |
Twmnza Gymnopazs Procnephia, Paracnephza Crozeria, the Austrahan "C nephza and
most Ncotroplcal ""Prosimuliini" sensu Wygodzmsky and Coscarén (1973). 'I'he larva of
Parasxmulzum crosslceyz 1s derived with respect to other s;muluds in havmg a smgle large
tubercle or lobe (mvt) on the venter of abdominal segment 8 (1) (f1g 438). The only other
simuliid havmg a similar structure is the larva of Stegopterna. However the smgle
transverse, rmdventral bulge" of this latter genus is probably not homologous with the”
structure in Parasimulium, as judged from other characters (1°). Snmlarly, the pa1red,
conical, ventral tubercles (1) of certain other genera (Mayacnephia, Lutzsimulium,
Austrosimulium, Greniera, Ectemnia, and some Sirfiiglium s.lat.) are ptobably
independently derived (fig. 1‘2). Character state 1 is here considered a secondary -
synapotypy of Parasimulium. ‘

Character 35 (p).
. .,iv' . - -~
Hypogean habitat. — 1 have argued that the habitat of i immature Parastmulzwn is
not hyporheic, as suggested by Courtney (1986), but is rather hypogean or phreatlc “
Although the deferences between these two types of habitats may appear trivial, ‘and in fact
may be d1fﬁcult to distinguish where they occur together, there remains observable
biological differences between them (i.e. there are elements that occur in the seep that do

not occur in the main stream, and vice versa). If the proposition is accepted that the,

immature stages of Parasimulium are truely hypogean, then the habitat is clearly unique for



\

!

Simuliidae (1), and perhaps evcrt for Diptera. But cvea if the immatures prove tto be
hypofhéi‘c, then the distinction must still be drawn between the apparent obligatory
existence of Pardsimudivm in that habitat, alnd the facultative occurrence of other simuliids
(Currie and Craig 1987). The grbundplan ct)ndition for black flies is clearly for the
immatures to be attached to exposed substrates in surface- ﬂowmg streams (0). Character

_ state 1 is taken as primary evidence of the monophyly of Paraszmuluqm S.Str.

1

Character 36 (s).
Lack of pig \olhvae of Parasimulium crosskeyi and P. stonei are =~ -
: apparently blind and a yrunpigmented (except for the heavily sclerotized

anterlor margm of the ¥ (ﬁg. 9)., The pupal integumcnt of P. crosskeyi is almost

completely transparent, revealmg the devclopmgladult underneath. These adaptations are
clearly associated with the subterranean environment of the immatures (1). Among
Culicomorpha, only larvae of Chaoboridae (in part) are translucent or transparent;
however, the groundplan for that family is evidently for the larva to be darkly colored
(Szther 1970). The immatures of all other simuliids have at least sorﬁe\pigmentatfotx, and
two of the three pairs of larval ocelli (stemmata) are darkly pigmented (Nyhof and McIver

1987) (0). Lack of pigmentation is a regressive feature, and therefore rﬁay be considered

only a secondary indicator of the monophyly of Parasimulium s.str.

Systematics of Parasimuliinae

.Theamonophyly of Parasimulium s lat. is supported by at least 5 characters
(characters 26 - 30) (fig. 6). As many as 8 additional characters may also be synapotypic
for the genus (characters 24, 25,31- 36), but this can only be confirmed through

discovery of the fcmalc and imﬁf‘ature stages of P. furcatum and P. melanderi. Although

Jd
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none of the 5 confirmed synapotyples can be considered a primary ghylogenetic mdrcator

they.do, in combmatlon, represent moderately convincing evrdence of the monophyly of

. the genus

L
One of the most curious features of Paraszmulzum S. lat is the arrangement of wing

veins. The prumtlve status of the genus has largely been mferred by the widely separated

branches of the radlal sector. However several derived features of the wing are also e

L= S

~ evrdeﬂt such as loss of the bm cell (Character 28), and reduction of the br. cell (Character

29). Such drscord -, questlons about the dlrectlon of character evolution in the simuliid

wing. D M Wood (m Iztt) has raised the pOSSrb-rhty that a widely branched radial sector

in sunuluds 1s actually a reversal toward the culicoid condition, and thus is evidence: of the

‘common ancestory of Paraszmulzum + Prosimulivm s.lat. + Twmma + Gymnopasss. Thrs

1’1986) arid ‘although thts j'

hypothes1s is‘¥ased on the presence of a rather shortly- branched rad1a1 sector in the
groundplan o°f Thaumalexdae Ceratopogomdae and Chlronormdae Ev1dence fora close

relatlonshrp between Paraszmulzum and some typlcal members of the Prosrmulum sensu

60

Crosskeyilas already forwarded based on larval characters (Borkent and Wood o

p othesis cannot be drsrmssed out of hand, I beheve that other A

ev1dence W111 show that Parasimulium is only dlstantly related toother black ﬂres I have

_ therefore retained the traditional view that"a wrdely branched radial sector is primitive for
. Srmuhldae, and tha‘?a shortly branched- or unbranched radlal'sector represents mcreasmglyx
derived states respecuvely (fig. 20) The phylogenetlc relat10nsh1ps of Paraszmulzum to

o other simuliids is dlscussed later i in th'rs chapter &

¢ * N
\ﬁ ) . . oA
’ o PR

The phylogenetm sxgmficance of the anal sclente of larval Paraszmuhum remains -

. ~uncertain; Of partlcular mterest apeth:eventral arms’ (va) which M not aruculated dorsally

:wrth the dorsomedian sclente (dms) Ventrally, the ventral arms almost’ meet along the

rrudlme and are separated only by a small spmdle shaped sclente (ventromedlan sclerrte

o vms) (fig. 31) No other srmulud that I am aware of has such an arrangement In Crozena

-

!
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% lines several timés mdependently

s
e,
[

larvae the apices of the ventral arms almost mget midventralljﬂ but like all other simuliids

they are articulated dorsally with the dorsomedlan sclerite. Also the /ventromedlan sclerite

is lacktng in Crozetia. In most other simuliids the ventral arms are considerably shorter

thar in Paraslmulzum and Crozena and they project ventrally to a point no farther than

about one- half the d1stance round abdominal segment IX (fig. 13). Whether the short— or

long-arm state represents the primitive condmon for Simuliidae cannot be deterrruned usm g
out-group ‘comparison, and the distribution of these states w1thm the fanuly sheds little

| hght The condmon in Paraszmulzum and Crozena shouﬁlot be confused thh that in
certain other simuliids (ngantodax, Austrosimulium [in part] and Sirauliuri s.lat. [in
part]), in which a "semicircular sclerite” contouts the ventral half of abdominl segment X,

-(Dumbleton 1962). The senucucular sclente isa separate structure (although pro'Bably

serving as an accessory to the anal ‘sclerite), and has probably developed.along its own

@

Desplte mcomplete lmowledge of all hfe mstory stages of Paraszmulzum itis
‘ 1mportant to forward an mmal hypothesis about relatlons\hlps among specres The
following dtscu351on is based on male characters only, with eacl?, character hemg indicated

by a letter. These same letters appear on 'the cladogram (ﬁg_. 6).

. I concur w1th Wood and Borkent (1982) that Asroneomxla and Para.yzmulzum s.str.

d -\' )
are probable sister taxa; and hence P melanderz is placed as the s1ster group of all other \ S

s !

B NATOW and deep, (b) gonoco:ute w1th apxcolateral ﬁnger-hke extensron (c) ventral plate
' {

o - with forked' apex (d) rnedlan sclente long and strap- -like, w1th aplcally w1dened portron

and (e) gonostylus w1th subap1ea1 cusp ("inner gonostylus") on dorsal sxde Ametalled
: dlscussmn of these characters has already been prov1ded by Wood and Borkent (1982)

A‘lthough I have not examined material of P. furcatum first hand, it would appear that it rs

61,

v/ )

‘Para.rzmulzum Synapotyplc charae—ters of Paraszmullum s.Str mclude (a) supra—alar notch .

" less closely related to the other 2 speci'es of Parast'muliwn s.str. than they are to each other.

a2
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If the original description of Malloch (1914) is correct, then the followmg characters can be
taken as synapotypiz tor P. crosskeyl and P. stonei: (f) scape yellow (black in P. Jurcatum

and P. melanderi); and (g) tergites 1 and 2, and sternites 1- 3 yellow (abdomen brown in 2.

furcatum except for tergum 1, which is yellow; abdomen entirely brown in P. melanden).

[ 4
'#: ke < d
2.8.2 Subfamily SIMULIINAE Newman '
Simuliites Newman, 1834 387, T;'pe genls: Simuliwn Latreille, 1802. .

L

Dragnoms Male and F. emale Rs unbranched, or with branches closély
‘ approxrmated Ry connected to C well beyond nuddle of wmg Ra,s¢ (or Rs.3 and R4,s Lf Rs
‘ unbranched) connected near tenmnus of C;C, Sc and Rs wrth short setae; false vein (m-cu
fold) forked apically; CuA2 markedly sinuous. Katep1stemum Iong rounded ventrally in
proﬁle kateplsternal sulcus present. Meseplmeral tuft present Calcrpala and pedrsulcus
prese)nt ors absent_ Male Eye typically w1th line of discontinuity betwee large Upper facets .
/ and sm(all lower facéts (absent from some specles of Gymnopazs) eyes typlcally in contact
at centerlme above antenna (holoptlc) Gonostyfus typ}cally with one or more aprcal '
peglike setae (absent from Szmulzum ( Shewellomyza )9). F emale Sternum X divided '&
medrally Pupa Plastron held over entu'e surface of respu’atory organ, mcludm g base
base of resplratory organ w1thout felt ef‘hamber mtemalIy, mesothoracic splracle m contact ’ |
with lumen of thickened part of plastron on dorsal’ srde of base (not w1th lumen of base)
Abdomrnal segment 3 typlcally d1v1ded by pleural membranc (undrvrded in specres of |
Twinnia and Gymnopazs) sternites 6 and 7 (at least) divided medrally by a longltudmal area

~of stnate ‘membrane; pleuron typically w1th recurved hooks tergltes typlcally w1th antenor

S



6 .
row of posteriorly directed spmes (= spme combs) Larva: Antenna of 3 artlcles
Postgenal cleft normally present, (m some members represcnted orily by wrmklmg of cuticle _
in posteroventral region of. the headcapsule) Lateral plate of prothorac1c proleg present.
Abdommal segment 8 simple, with pa1r of ventral tubercles, or with single, transverse,
rmdventral bulge. Ventral arms of anal sclerite artlculated with dorsomedian sclente
dorsally, their apices widely separated ventrally(if apices of arms closely approximated

ventrally, then not separated by spindle-shaped sclente). a ' ~

The subfamily Simuliinae comprises all simuliid genera exclusive of Parasimulium
* s.lat. Its members are world wide in d.lSllel.ltlon excludmg Antarctica and some 1slolated

oceanic 1slands The monophyly of Srmulnnae 1s supported by the 15 synapotypic

The adult groundplan: Apotypies

L

Character 37 (sp:  ~~ .~
Eye'of male with line of dzscontmuzty between large upper facets and small lower

- facets — (Wood and Borkent 1982) + The: apotyplc state i1 (f] .

49) the plesrotypxc
N state, whlcb is for absence of such hne of d1scontmu1ty, is 0 (ﬁg 45) The apotypic state
is evident in several other farmhes of Nematocera B‘ephancendae (m part), Axymyiidae,

-Blbromdae and Cec1domyndae T rzsapszs Kleffer) However the condmon 1s unknown : .

®

dw any other family of Cu.hcomorpha, and must therefore be consrdened an mdependently =

denved feature of Stmulunae Drchopt1c males of Gymnopazs have no ev1dent line of

“drscontmulty between the upper and lower eye facets Imt are undoubtedly denved from an
ancestor whosé eyes were so d1v1ded Indeed, the holoptxc male of cenam plesxotyprc ‘
specxes of Gymnopazs (e. 8- G. holopncus) have a d1v1ded eye The condmon found in

*

S W
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| (Kirschfeld and Wenk 1976, Ze11 1983, O'Grady and Mclver, 1987).. .

dlohopuc Sunulunae males must therefore be considered a further denved state (2)

Because of the mstances of homoplasy descnbed above, the denved state can be taken only

. as secondary phylogeneuc ev1dence The funcuon of the "dorsal eye" of male Dxptera 1§ to

detect small, rapidly movmg-fema_les agau_tst skylight as they ‘ﬂy above swarms of males

. C_haracter 38‘ (s).

" Radial segtor with branches. (Ry,3andRy,s) closely approxirnated — (Wood and
B rkent 1982). the apotyptc state 1s 1; the plesrotyptc state, which is for the branches of

‘the radral sector to be more w1dely separated is 0. Arsummary of the hypothes1zed

trans?ormauons is given in ﬁgure 20. The derived state can be taken only as secondary

phylogenehc evidence because'it is a reductlon 'This character is considered in greater

detail in the discussion of ,_charact_er 58. .

Character’39(p) | -. o -{ o C T j

~

False vein (m -cu fold) forked apzcally — Strnuludae Ceratopogomdae and

Ch1ronon'udae are the only Cuhcomorpha havrng a false vein between the posterlor branch

of M and CuA1 This can be taken as further ev1dence of the. common ancestry of these, *

-

three famlhes A s1mp1e or unbranched false vem is charactens,tlc of Ceratopogomdae/ d

. Chlronormdae ‘but among simuliids, only Paraszmuhum s.str. and Astoneomyza are known

«

_-to have such a congsl.mon (Wthh must be consrdered basrc to these three famxhes)(()) The .
derlved condmon a false vem that 1s forked apically, is charactensnc of all other sunuluds

~ 'Qndf c-.an be taken-as pnmary phylogenettc evidence of the mont@tyly of Srmulunae (1)
S The ltypothesr&d transformatlon is ﬂlustrated in ﬁgure 20 - ’

AY ' b“‘.. r B . &
. [ . . - B .

o

- Character 40 (s)

Katepzsternal sulcus’ (meseplsternal groove) — Most srmulnds have the
B . ]
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katepisternum divided into a dorsal and a ventral part by a horizontal groove termed the
katepisternal sulcus (1) (fig. 50) "(Mc}\lpine 198.1). The only simuliids lacking this sulcus

are species of Parasimulium s. str. and Astoneomyia — a condition shared by all other }
Diptera (0) (fig. 46) However, as indicated in the discussion of character 26, the

: kateplstemum of Parasimulium s.lat. is. reduced ventraIIy, soitis p0531b1e that the sulcus

e
o

f?f“
,Character 41 (s)

' Sternum X, \of female' divided medially. — (Wood and Borkent 1982) The .
apotyplc state is 1; vthe plestotyplc state, which is for stemum X to be mcompletely d1v1ded
_in the female is 0. Wood%d Borkent (loc. cit.) compared the completely divided stemum

' ‘X of most simuliids (_ ana.l 1obe) w1th the undivided sternum of other Cuhcomorpha
“ They interpreted tentatwely the. condmon in P: crosskeyz (wPuch has stemum X deeply

a

x Qotched but narrowly contmuous medlally) as formmg an 1ntermed1ate stage of a
- .,;;? transformahon between theﬂcondltlon in other Cuhcomorpha and that in all other
.. : Slmulndae Exammatmn of the female of P. stonei corroborates this conclusxon Whlt:hals '

accepted here However, it is st111 not clear as to whether the condltxon n Paraszmulzum
5.5t is pnnutwe for Slmuludae, or whether 1t represents a secOndary fu51on of the anal

. vlobes If this were 50, the completely dJVlded stite would have to.be cons1dered a _

. synapotypy of the ent1re farmly Untif further ev1dence is brought@bear on the problem

the denved state must be consxdered only a secondary phylogeneuc 1nd1cator A summary

of the proposed transformatlons is given in’ ﬁgure 21.



w The pupal groundplan: Apotypies
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Hmton (1957 /1’968 1976) prov1ded detalled accounts of the pupal respu'atory

_ organ (r.0.) of Simuliidae. Although varied in external appearence, the f.0. has the same.

‘basic structure and functlon throughout the family. However at least 3 denved features. of

the r.o. are evident in Sunuludae exclusrve of Paraszmulmm These are- 1nd1v1dually

“4
drscussed below Those unfamiliar with the structure of the simuliid resplratory organ are
referred to the references given above Figures 15 and 16 illustrate some of the

transformations discussed under characters 42 through 44 below

o

Character 42 (p).

Plastron nerwork covermg Ihe entire respzratory organ(r.o.). — According to

Hmton (1976), Simuliidae and Chirpnomidae are the only Cuhcomorpha in which a
MO,
plastron (Or spuacular gill) is held on the pupal I.0. However examrhauon of the pupa of

) Thaumalea ericana reveals that a spuacular gill is also present in Thaumalerdae
. Although Hmton (1968) consrders the plastron to be mdependenly denved in most families

~of Drptera it can also be argued that a p}astron 1S part of the chlronomold groundplan

This is the 1nterpretatlon followed in the present work. In Thaumalerdae and primitive
Chlronomrdae (T elmatogentoninae, Tanypodmae Podonormnae and Aphroterumae), the

plastron (— plastron plate) is restncted to the apex of the I.0. A similar condition i is found

66

in the pupa of Paraszmulzum crossluzyl in Wthh ‘the plastron i is held on the three branches o

" +of the r.o., but not on the elongate r.0. base (0) (figs 33%‘?5) In all omer srmuluds at

least as far ds T am awam the plastron covers the entire . o., mcludmg the bzﬁ‘e "Such an

: arrangemelnt is clearl_y umquc arnong Cuhcomorpha and can be taken as pnmary ev1dence

‘ar

v “ -’_ Y,
ﬁr—-\._‘,‘_ . X ¢

The resptratory organ of Ceratopogorudae apparently lacks a plastron network, but thJS

m.a’%‘:erpreted as a loss. Lo .
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,' -: . of the monophyly of Stmulunae (1) I mterpret the condmon it Paraszmulzum as forrmng

'an mtermedrate stage ot”a transformatron series between the plaston plates of other

4

S ;: Chrronomordea (whrch must be consrdered pnmmve), and thé extensrve plastron network

3 of all other Srmulrrdae (figs. 15, 16 i, 16 11)

LR 4

Character 43 (s).

F elt chamber of respiratory organ lost. — The felt chamber is the mternal

K]

e component of the cuhcomorph pupalr.o., a tubular contmuatron of the mesothoracrc

sprracle It is-formed by the dorsolongrtudmal 1nvag1nat10n of the r.o., as suggested by the

' l'presence of an external longitudinal scar along the dorsal surface of the the r.o. base (frg

34, Internally the chamber is clothed with a dense series of fing hairs, which evidently

|

serve to reduce water loss during periods of drought. A felt chamber is visible in the r.o.

ST AT

of Dmdae Chaoboridae, Culici e &ha.umalerdae Ceratopogomdae and Chlronorrudae._

To date Paraszmulzum crosskeﬁ is the only srmulnd known to have such a structure (frgs. :
33, 34) A felt chamber may eventually prove to be charactenstrc of Paraszmulzum as a
whole ‘but this can be confrrmed only through addmonal drscoverres The condrtron inP.

crosskeyl SH clearly pr1mrt1ve as Judged from out—group comparlson (0). Absence of a felt

chamber must therefore he denved 1), and can be taken‘as evidence of the monophyly of

‘ Srmuludae exclusrve of Parasimulium (ﬁgs 15 l6 u) Because the apotyprc stiteis a

regressrve feature, 1t can only be consrdered a secondary phylogenetrc mdlcator - "y,'

] A . coe > T '

. : , H
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Character44(p) S N ‘ o g R

Pupal splracle commum.catmg with "lumen” of plastron — In the Cuhcomorpha

-

The felt chamber of Culicidae glosely appnoxrmates the i inner surface of the r.o,, and is

therefore not visible externally as in other C ul1comorpha

P

".\ B N
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- groundpla.h (asi in most other aquauc Nematocem) the mesothoracic spuacle commumcates :

d1rectly w1th the base of the r.o. Such a condition is charactenstlc of Dixidae, O
' Chaobondae Cuhc1dae Thaumaleldae and Ceratopogomdae Coffman (1979) reported
“'the same pattern in the followmg plesiotypic hneages of Cluronormdae Tanypodmae
'1 .Podonormnae Aphrotemmae and Telm ‘ ogetomnae Among Sunuludae only
| ic spiracle communicating directly with the

vuds the splracle 1s somewhat more dorsally

, g»
snuated commumcanng d1rect1y with the thrckened area of plaston on the dorsal base of the

r.o. (Hmton 1957) This latter condmon appears to be umque and i 1s here considered a

v‘ pnmary synapotypy of Slmulunae (¢)) (figs 15, 16 ii).. .

Character 45 (p)- |
Sternzres 6and7 (at least) divided medzally by 'a s lmembranous Iongztudznal

striate area. — In almost all sunulud pupae, sternites 6 and 7 are d1v1ded along their =

68 -

nndlme by a longrtudmal tract of stnate membrane ThlS d1v1510n is also ev1dent in some - |

4T o

spec1mens on' sterm’?es 5 and 8, although not as consplcuously Even in members of

Slmuhlm sensu Crosske)%969) (1 e. Austros:mulzum Metacnephza Szmulzum s.lat. ),

whrch are w1dely reputed to have stemltes 6 and 7 entire (e. g. Wygodzmsky and Coscaron ,

1972; cf key to pupae, pg. 142), the d1V1s1on may in fact be resolved with the aid of a

compound rmcroscope The condmon 18 merely obscured In such taxa because the pupal

> abdomen is very weakly sclerotwed makmg the d1st1nct10n between stermte and membrane, -

'dlfﬁcult <I'he pupa of Pa‘ra,szmulzum crosskeyz lacks any suggestlon of a medlolongltudmal v

d1v151on of sterrutes 6 and 7, Wthh is the condmon found in all other Cuhcomorpha (0)
_ (fig. 39). The d1v1ded state (1) therefore may be conmdered a pnmary synapotypy of
| 'Slmuludae excluswe of Paraszmulzum (fig. 5 1) The transformatlons dlSCUSSCd above are

&
1llustrated in figure 19.
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Character 46 (s) e
Abdommal segmenl‘s 3 8 with. tergd’ and sterna divided by pleural membrane —

As discussed under character 13, sunuhrd pupae*are umque among Culicomorpha in having
a wxde area of pleural membrane dividing abdommal segments 3 or4 -8. The lesser
number of divided segments {i 8) (0), such as found in the pqpa of Parasimulium

' crosskeyl is hypothesmed to form an mtermedtate stage of a transformahon series between

| the entn'ely undmded state, as found in all other Cuhcomorpha and the more completely
leldCd conditon (3 - 8), in the majonty of sxmulnd genera (1) Be51des Paraszmulzum the
_on_ly other simuliids having a ring-like segment 3 are"the pupae of Twinniaand - 2
“Gymnopais. However these genera are believed ‘to be derived from a Prosimulium:s. latl‘
- ancestor (Wood 1978), and so the condmon must be mt&rpreted as secondanly derived (2)
The pupa of Crozetia has segments 3- 8 d1v1ded only narrowly by pleural membrane, but

this is probably an mdependent modtficatlon from the Simuliinae groundplan (2 )

Because of the mstances of homoplasy dlscussed above, character state 1 can be taken only

as secondary phylogenetrc ev1dence A summary of the transforrhauons dxscussed above i Is

-given in ﬁgure 17.

Character 47 (s)

Pleuron of abdommal segments 6 and7 (at Ieasr) wzth recurved kooks and, plates
(pleurltes ) — In most sunulnd pupae, the pleura of segments 6 and 7 (at least) posse?s
“one tbr more recurved 'hooks on each srde (ng 32) The hooks reseMble those on the

- adjacent stermte and may or may not be assocrated w1th a pleunte. : Pleuntes 00, are -

present in"most S1mu1ud pupae but not necessanly in assoc1at10n with the hooks Intaxa

that are: charactenzed ‘by a weakly scleroﬂzed pupal abdomen (Austroszmullum ’

o8 -,

o Metacnephza Szmulzum s: lat ) 1t may be difficult to determine whether the hooks arise o

P

from the pleuron or the stemum however magmﬁcauon under a compound rrucroscope |

mEEe_s—tﬁ/drsthUOn possrble The only 51muluds w1thout pleural hooks or consplcuous



pleurites are Parasimulium crosskeyz (fig. 39) and Gremera (thlS latter as Judged from G.

denan'd_ Davies, Peterson, and Wood). The condition in Gremera 18 probably secondary as

- judged from other characters. Absence of pleural hooks and pleuntes in Parasimulium may

- be mterprcted as an mtermedrate stage of a transformauon series between the condition

found in most Culicomorpha (1n which the tergrtes and sternites are fused together
laterally), and the condition found in most other simuliids (in wh1ch pleural hooks and
pleurites are presumed to be uniquely derived). That is, it is hypothesized that the wide
area of pleural membrane developed first in Simuliidae (0), followed by secondary
development of pleural hooks and pleurites. (1). Loss of such sclerotized features of the

pleural membrane is denoted by 2. Character-state 1 can be taken only as a secondary

: synapotypy because of ‘homoplasy. A summary of the hypothesrzed transformatlons is

g1ven m ﬁgure 17.

Character 48 (s).
Abdominal tergites 4 or S - 9 each with an anterior row of posteriorly-directed

spmes — Most genera of black flies have the anterior margm of abdominal tergites 4 or 5

-9 @ a single row of posteriorly directed spines (= spine combs) (figs. 52, 53). The

co onyin the pupa of Paraszmulzum crosskeyz 1s similar to that of other Culicomorpha in.

_lacldng such spine combs (spines, m fact occur on the abdormnal tergltes of mary
| Cuhcomorpha pupae but their pokition and form renders homology with the simuliid spine
| ,combs unhkely) ‘Because spme combs have y’(ld-Ently e%lvcd very- early in black flies —

.-as mferred by the1r presence is such plesrotyplc taxa as Proszmulzum Procnephza

C Paracnephza the Auslrahan "Cnephta and most Neotropical "Pr051mulum sensu

o

Wygodzmsky and Coscarén (1973) — it is temptmg to consider thetr absence from
»Paraszmulzum as pICSlOtyplc One drfﬁculty with this interpretation is that the spme cétnbs

. are subject to reductron or loss. For example, pupal Twinsiia and Gymnopais lack spine -

combs, but are clearly denved from an ancestor (Proszmulzum s lat ) that had them (W ood

g
L
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: Courtney ( 1986) incorrectly interpreted the membranous antennal base of later i mstar P

71

: 1978) Thus, the question arises as to whether spme combs should be con51dered a c

groundplan feature of the entire famﬂy In some taxa, the loss may be correlated with the

" reduction of the pupal cocoon (2) (Twmma Gymnopazs Crozetza and Tlalocomyia ), in.

others, it rnay be part ofa trend towards desclerotlzatxon of the pupal abdomen (2°)

' (Austroszmulzum and some species of Simulium s. Iat esp subgenus Afrosimulium ).

P@i&aszmulzum has neither a greatly reduced €ocoon, nor an espec1a11y descleronzed
abernen It seems possible therefore that the condition in Parasimulium is actually
pnmatwe (0), and not the result of loss. Because of homoplasy, character-state 1 can be ¥

a"

considered only tentatwely a synapotypy of Simuliidae, exclusive of Parasimulium. The

transformauon dlscussed above is dlagramed‘m ﬁgure 18.

2t
R

&
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The larval groundplan: Apotypies .

Character 49 (p).

Antenna of three articles. —+ Craig and Batz (1982) studled structural details of the
simuliid larval antenna The antenna of first-instar larvae consists of only a single article; at

first moult, a basal artlcle is added. In subsequent mstars the basal article becomes

: annulated to give the appearance of a three-arueled antenna (fig. 54). In all'larval instars of

Parasimulium so fir examined, the antenna consists of only a single antennal article’

(Borkent and Wood 1986 personal observation) (fig. 7, 25). Asa smgle antefinomere is

l-present m most other culicomorph larvae (Dixidae, Chaoboridae, Cu11c1dae Tﬂ'aumaleldae '

Ceratopogomdae), the condition is taken as primitive for Simuliidae (0). The three-articled

antenna of later instars (1) may therefore be considered a synapotypy of the family,

‘exclusive of Parasimulium. The only other culicomorph family with a multiarticled larval

crosskeyi larvae as being the basal two articles combined.

kY



antenna 1s Chxronormdae 4- 7 typlcally 5), however, the basic structure of the antenna i is
much more complex in that famlly (e.g. presence of antennal blade, Lauterborn.organ). As
the condition in Sunuhmae 1S not manifest in any other Culicomorpha, it is taken as primary

&

phylogenetic evidence.

a. : . ‘ '

Character 50 (§) - , .
Postgenal cleft. — ' The postgena.l cleft (p clft) is a feature of the ventral surface of ‘
the sunulud larval head capsule Cornpnsed of thin, shghtly sclerotized cuticle, the cleft

" occupies a;n area mteromedlal to the postenor tentorial pxts (fig. 55) So transparent is the )

cuticle of the postgenal cleft that some authors have mterpreted this structurg as an antervor Al

extensmn of the occxpltal foramen. However, Crosskey (1960) has correctly interpreted

C ey,

the cleft as being postgenal in origin. As far as I am aware, no such modification is evxdent

in any other Nematocera 1. Crosskey (Ioc cit.) has hkened the simuliid postgenal cleft to

~ the condltlon found in certain tipulid larvae (in Wthh the postgenae do not meet along the

mxdhne), but this is undoubtedly a non- homologous feature as judged from other

characters. The postgenal cleft probably umparts a certain degree of flexibility to the head

capsule, which nught allow the head to thhstand the forces of running water pasmM
through the labral fan. Larvae of Paraszmu(;um lack any suggestion of a postgenal cleftlo,

Which must be considered primitive (0) (fig. 7). The larvaof Gigantodai (in part), and

those of the fanlees Levyitinia, Twinnia ahd Gymnopais, have only a small area o.fvslightly

wrinkled cuticle in the area of the cleft. The impression given is that of a 'small ory

rudamentary postgenal cleft, if any at all. I have in terpreted this latter condltlon asa

reversal toward the primitive condition (2). The irregularity of the cuticle in the region of

the cleft lends credence to this hypothesis, as o ing is evident in Parasim_tzlium

107 have been unable to conflrm Courtney s (1986) observanon of a moderately shallow

‘postgenal cleft in the larva of P.crosskeyi. |
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nor in any other Culicomorpha lgrva that I am aware of, In Levitinia, Twinnia, and
Gymnopais, the loss of the cleft is probably related to the loss of the labral fans, However,
because of the charaeter’f§ homoplastic within Simuliidae, the derived state can be taken
. only as secondary phylogenetic evidence. |
Q B . '

Character 51 (p). ‘& _ -

Lateral plate of prothoracic proleg. — A pair of apically fringed lateral plates (aflp)
is situated &1 the prothoracic proleg of most sirnuliid larvae (fig. 56). The plates are
xmmedxately prommal to-the apical circlet of hook and serve to support the distal article of,

the proleg (Hora 1930). According to Barr (1982), they may also sewe to remove the

- hooks of the proleg from ' attachment silk".. A lateral plate is present in the larva of all

Ny MR “4

‘0’\

genera exanuned except Paraszmulzum (ﬁg 29). Asmno homologue of the lateral plate has
been found in any other Chironomoidea, I regard the structure as a primary synapotypy of ,
' “:,‘_l,‘ 3

" Slmuhmae The apotyplc state is 1; the pleswtyplc state, which is absence of lateral ptates,

'ISO ;

Systematics of Simuliinae '~ L R

The monophyly of Simuliinae, as here geﬁneﬁ s very strongly supported by the ‘
15 synapotypies given above (7 primary, 8 secondary ) (fig. 5). Partmularly convincing -
are the pupal characters, wh1ch until now have received little attentlon in- phylogeneue
reconstruction. Future work should center on structural details of the pupaJ gill, as our .
knowlege about this important character system is only rudJmentary at present The larva,
too, has an’ array of presumed autapotyples but addmonal studies will be needed before all

“ '+ characters can be analyzed At present I'am unsure of how to evaluate features of the -

h)&ostoma and anal sclerite. Comparative morpﬂologlcal work on such structures will add
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* immeasurably to our understanding of the'early evolutionary pathways of Similiidae.
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2.8.3 “Initial dichotomy of S'im'uliinae’, -

2.8.3.1 Tribe Prosimuliini Enderlein

«
)
-y

g

_ PROSIMULIINAE Enderlein, 1921: 199. Type genus: Prosimulium Roubaud, 1906.

V HELLICH]INI Enderlcin, 19257 203. Type 'genﬁs:' Iiellichia'Enderlein 1925. -

GYMNOPAH)INAE Rubtsov 1955 3,29 330.. Typf genus Gymnopazs Stone, 1949

: - &
_ HELODOI}ITIN"I11 Ono, 1982 280, 282 Typc genus Helodon Enderlem 1921,

" Diagnosis: Male and Female: Rs d.lstmctly forked, forked portlon censplcuously

longer than its pcnole C with umformly sized ha1r—11ke macrotrichia only, without

74.

thlckened or splmform macfotrichia mterspersed among them. Calcipala and pcdlsulcus -

absent. Male .ventral plate with strap-like connection between apex of anterolateral
apodeme and pa.ran;re, paramere sunple aplcally, w1thout accessory"spmes Pupa: .
Abdonunal segments 4 and 5 each thh large pleural plates (pleuntes) laterally, these -
typically separated from terga and sterna of same segments by palrcd longltudmal bands of
striate membrane (pleurite absent from segment 4 of Levitinia); segment 3 either without

~

pleural membrane (the segment appearing ring-ljke), or membrane in the form of narrow

11The spelling is here corrected from the originally published "Helodoini" (Crosskey 1985) -
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longltudmal band. Larva Antcnna with. proxunal and medral arncles unptgmented
contrastmg w1th black dxstal amde Hypostoma lackmg paralateral teeth Anteromedian
palatal&rush of fust-mstar of scoop-shaped, fnnged plates Maxrllary palpal sensﬂla of

; ~first-instar subap1cally situated and in linear conﬁgurauon B

: -~
The tnbe Prosunulum as here det"med compnses the followrng genus group taxa:

- Prosimulium s str. , Helodon, Parahelodon, Dzstoszmulzum Levztmza Twmma .and
- vamnopazs A total of 131 descnbed spec1es are recognized as vahd at present
comprising approxlmately 9% of the world sunulud fauna (Crosskey 1987) The tribe i is -
| widely distributed throughout the Holarctlc regton mcludrng Japan, Iceland and the
Medtterranean islands (Crosskey 1969) Representatrves have been collected frorn as far - ;
north as Bjorneya (Bear Island 74°25° N 19°00°E), to as far south as North Afnca
(Morocco) Prosrmulunes are most frequently encountered in- far northern or mountamous

\
reglons of the Holarctic. The monophyly of the tribe is supported by .5 synapotyplc

J:haracters hsted below.

Character 52 ®).

Pupal abdomen with large pleural plates |, pleuntes ) on segments 4 and 5. — Pupae -

of Proszmulzum s.lar, Twmma and, G’ymnopazs are umque among Strnuludae in havmg
A'large pleural plates on each of abdommal segments 4 and 5 (ﬁg 57) The plates are so’ " " R
‘ large that they are separated from the tergite and stemnite by a narrow, longrtudmally ‘/

striated, membranous band Segments 4 and 5 of other srmuluds lack large plates

although small rounded pleuntes such as those on segments 6- 8 are be present in some

taxa (e .£. in some Procnephta Parac?hephta and "Cnephza orientalis Mackerras and

7

Mackerras) Thrs latter condmon is presumed to bein the groundplan of Stmulunae ()]

(see also dlscuss1on of Character 47). Presence of large pleural plates on segments 4and 5



 must therefore be derived (1), and can be taken as pnmary evrdence of the common .
_. .ancestory of Prosunulum as here defmed Abdormnal segment 4 of pupal Gymnopazs

. appears rmg-hke the pleunte of the segment being fused jo the adJacent tergrte and stemlte
Tlus is mterpreted asa further denved state within Prosrmulum ) (see dlscussmn of
character 80in chapter 3) ‘Similarly, the absence of a pleurite from abdommal segment 4
of pupal Levxtzma is mterpreted asa loss (2 ) (see d1scussron of charqter 39 in chapter 3)..
A summary of some of the evolutlonary transformatlons dlscussed above is dxagrammed in |

.ﬁgurel7.».-v. S ., T

Ch_aracter 53 (s).. o

LarvaI antenna with prox'mal and medzal artlcles unngmented contrasting wzth -

black dzstal article. — Among the most dlstmcuve features of larval Prosnnulum is color of
"the antenna. The proxlmal (P art) and medral ameles (m art) are typlcally completely devoxd
. of plgment rendering the basal two tlurds of the antenna nearly transparent Thxs contrasts
sharply w1th the color of the distal antennal art1cle (d art), wh1ch is darkly prgmented (fig.
58). The only sunuh1d w1th a sumlarly colored antenna is the dlstantly related
Metacnephza but this is undoubtedly an mdependent development No other cuhcomorph
larva that I'am aware of has the basal portion of the antenna completely un_plgmented
Spec1es of the PrOSzmulzum aculeatum R1vosecch1 group have an; uregular fuscous

o motthng on the basal two art1cles but tlus is probably a secondanly derived trait, as’
mferred from other characters Slrmlarly, the pxgmentauon ome basaﬁwo antennal]
artlcles of Leviriniais probably mdependently derived. The & apotyplc state is 1; the

'ple51otyp1c state, Wthh is for the basal 2 articles to be plgmented is 0. The presumed

250me specialists recognize the genus Urosimulium Contini for members of this species

group. ' : N ‘ DR
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. = : secondary acqrhsmon of prgmentatlon is mdacated by 2 Because ofhomoplasy, the

. apotyplc state can be consrdered orgy a secondary phylogeneuc mdxcator

'(, ’L . T l’,.,\l,\.‘

Character 54 (s). R : .a

Larval hypostoma Iackmg paralateral teeth. — Currie (1986) prowded areview of .

N

terms used to descnbe the larval hypostomal teeth of Sunulndae and suggested homo‘logres
‘among selected genera The term paralateral teeth" was proposed for the 1-3 addmonal

dentrculanons lateml to the lateral or corner tooth, The larval hypostoma of Prosunulum
dxffers from that of most other Simuliidae in lackmg such paralateral teeth. As a result of
this’ arrangement the lateral margms of the toothed portlon of the hypostoma appears to be
rather parallel sided (ﬁgs 59, 61) Absence of paralateral teeth i is here considered a

.synapotyprc feature of Prosrrnul.um 91) the plesmtyprc state (0) is for paralateral teeth to, be

: ‘present Because the derlved state i$ a regressxve feature it can be taken only as a

‘ Character 55(s): -

» secondary phylogenetlc mdrcator .A similar, but probably non- homologous arrangement

of the hypostoma 1s found in the larva of Crozetla Davres
> . AN
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Anteromedxan palatal brush of fi rst-mstar Iarva conszsnng of scoop-shaped, frmged

- plates. — Fust-mstar larvae of Proszmulzum s.lat., Twmma and Gymnopazs possess a

- series of parred scoop-shaped aplcally fringed, anteromedran palatal brushes (Craig 1974)

(fig. 61, apb). Such a condition is probably synapotyplc for these three taxa (1), although
as pomted out by Borke?t and Wéod (1986), the majority of s1rnulud genera have yet to be

surveyed for this character. ‘The presumed pnmmve cond1tion is for the palatal brush to

consist of small, simple hairs (0) Such a condltron is found in first i instars of
Paraszmulzum Crozetza Cnephia, Metacnephta and Simulium (Cralg loc cit., Borkent

and Wood loc. cit. ). Srmple hairs have also been found to compnse the anteromedran

AN
Y



pa.latal brush of ﬁrst-mstar Aedes aegypu (Lmnaeus)(personal observation). Theqdenved v .
state can be considered only a secondary synapotypy because not enough is known about a

0
the dlstnbutlon of the character at present.s

 Character 56 (5).
: ]LIdszlary palpal sensilla of ﬁrst-inst'ar tarva su’bapica’tly situated and irt a Iihedr o
- conﬁgurranon — Fust—mstar larvae of Proszmultum Twznma and Gymnopazs have a
| Iy ui-uque arrangement of maxﬂlary palpal sensxlla (Craig and Borkent 1980) The sensilla are
laterally s1tuated on the palpus and are arranged ina more or less linear fashion (D (ﬁg
60) Thls contrasts w1th the presumjed pnmmve condmon for Ncmatocera in Wthh the
| sensﬂla of ﬁrst mstars are aplcally 51tuated on the palpus and arranged m a c1rcu1ar
conﬁguratlon (0) (Crmg and Borkent Ioc cit) (e.g: fig 30) The condition in first-instar
Para.Slmullum stonei approaches that of Prosunulum in havmg the sensilla laterally
posuoned on the palpus however it defCI'S in havmg the sensﬂla arranged in the primitive
circular conﬁgurauon (Borkent and Wood 1986).. Although this has been mterprcted as an ‘»
1ntermed1ate stage of a transformauon series between the arrangements found in
Pr051mulum and other Nematocera (Borkent and Wood Ioc czt ), I regard the condmon in
-Parasimulium as mdcpendently derived (see also dlscussmn of character 33) Unnl more.

genera have been surveyed for this character, the derived state can be taken only as a

secondary synapotypy.

T

Systematics of Prosimuliini
~ S ;
5 If Prosimulium s. Iat is really the most plesxotyplc member of Slmulunae (and all

~ avaﬂable evidence pomts to this conclusion), then the followmg questions must be



U Afrotrop1cal forms (vzz Procnephza and Paracnephza) "Crosskey (1969 198 la) has

- would appear that there Is, no close relatronshlp between the Afncan forms and

addressed if a sausfactory definition of P?)sunulum isto bZobtamed (a) are there any

othE:r sunuhlds that share an unmedlate common ancestor W1th Proszmulzum Wh.lch is not

. P

shared by any other sunulud and (b)) are ‘there any. supraspec1ﬁc sunulud taxa currently

' lmcludederoszmuImm that can be shown to beparaphyletlc" o e \' -
,/ . ‘, A iR

h t
The ﬁrst quesuon has already been answered as it is now seems well estabhshed

o

that Twmma and Gymnopazs are derived - from a Prosmulzum s.lat. ancestor (Craag 1974
‘ 'Wood 1978 Cran and Borkent 1980, Borkent and Wood 1986). Although the first-
mstar larva of Levmma has yet 0 be dlscovered it 1s5clear that its. members belong to a
R monophyleuc hneage mcludmg anma and Gymnopazs (see chapter 3) The second

quesuon is more difficult to answer because ofa lack of information about key B

treated sueh forms as subgenera of Prosxmulzum (Table 2. 1), and Rubtsov (1974) has
placcd them, as full genera, in a monophylenc" assemblage mcludmg Pros:mulzum s.dat.

' " .and ngantodax (ﬁg 3 Table 2 1) Hdwever on the basis of available mfoxmatlon it

¢
L T
o, B .

, Proszmulzum Rubtsov s mclusron of Glgantodax in Pros1muh1m does not seem jllStlfiCd

T as any sumlarmes bctween these two groups are cxcluswely symplesxotyplc

.. . 2 - .
Of the 5 synapotypxes glven m support of the monophyly of ProsrmuLum anly 1
' (Character 52) can be cons1dered a primary phylogenetxc mdlc‘ator (fig. 5). Charactcrs 55
“and 56 seem pronusmg as constitutiye features but require further i 1nvest1gat10n On the
" whole, however, the monophyly of the tnbe seems reasonably well established by the

characters glven above
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© 2.8.3.2 Tribe Simﬁini,Newman |

-
SIMULITES Newman, 1834: 387. Type genus: Simulium Latreille, 1802.
. ) L . ‘-’\; Ny . . . A' . » . L

NEVERMANIINI Enderlein, 1921: 199.; Type genus: Nevermannia Enderlein, 1921. -

WILHELMIINT Baranov, 1926: 164. Type genus: Wilhelmia Enderlein, 1921.

ECTEMNIINAE Enderlein, 1930: 81. Type 8enus:‘ Ectemiia ‘Enderlein,,. 1930.
- - \’“‘“ - c : .

STEGOPTERNINAE Enderlein, 1930: 81. Type genus: Stegépterna Enderlein, 1930.

| CNESIINAE Ende_riein,. '193;J§:~'2"ié. Type genus: Cnesia En&erlein, 1934. -
FRIESILNI Enderlein, 1936: 117. Type genus F'rt'est'tr :E:?dcflf’i‘%"1.922",@“?"?1%1;) |
ODAG_M]]NI Enderlein, 1936:"12;7. Type éenns:_ Odaéhti.z.z‘_}int.i'erl.ein, 1921. (unava‘ilable).
; AUSTRosmutm\iI Smart, 1945 472: _rype genus;- Attst'rosimulium Tonnoir, 1‘925.‘
_cNEémm Grenrer~& Ragean, A1' 960: 739. Typc. genus: Cnephia Enderlein, 1921.

EUSIMULIINT Rubtsov, 1974: ‘256, 275. Type species: Eusim"uliium' Roubaud, 1906.

o

DlagHOSIS Male and F. emale Rs unforked or w1th obscure apical fork

B consplcuously shorter than'its petJole C w1th typlcal hair- hke mactotrichia mtcrspersed _
with ttuckened or spiniform macrotnchm talcxpala typically present pedisulcus present or
absent (represented in some members as an uregulanty of the cuucle) Male: Venual plate
with strap-like connection to paramere subapical on anterolateral apodeme (in some

‘members represented by angular pomt on side of _vent:ral plate); p_aramere rfple_ally with



s

. , B . : . . v
' accessory spines (Iackmg m Mayacmephta Tlalocomyla and Cnesiamima), Pupa

) Abdonunal segments 4 and 5 without large pleura.l plates (pleuntes) laterally (some
'members W1th small rounded pleuntes) segment 3 widely d1v1ded by pleural membrane

- ‘f Larva Antenna w1th distal article variously colored prox1ma1 and med1al articles typically

' plgmented, (unplgmented in s@cles of Metacnephza) Hypostoma wrtlrparalateral teeth
' Anteromedlan palatal brush of ﬁrst Instar consisting of sunple hairs. Maxillary palpal

sensﬂla of ﬁrst instar apically situated and in c1rcu1ar conﬁguratlon

The tribe Simuliini compnses 18 of the 22 genera l1sted as valid by Crosskey
: (1981) In addmon I refer to the tnbe two addmonal genera (Procnephza and Paracnephza)

: that have formerly been ranked as. subgenera of Proszmulzum s.dat, (Crosskey lot. cir. ).

- About 1340 described spe01es are referred to the tribe at present, wh1ch 18 about 90% of the
~ total world fauna Representatwes are drstn‘buted throughout all zoogeographlc reglons
The monophyly of Slmullum 1s supported by the 5 synapotyplc characters enumerated .
below, » \ | N

)

Character 57.(s).

\

2 : v ,
CaIczpala — The calc1pa1a (clcp) isa ﬂattened lobe hke prOJecnon that arises from .

the inner apical margin of the hmd tarsomere 1 (— hmd basitarsus) (fig. 62) The functlon
~of the calcxpala remains unclear at present and I-am undware of any homologue amon g the
out-groups No suggesnon of a calcrpala is ev1dent in any member of Para51mulunae or i
| Prosunulum (0); however such a structure i is w1dely and commonly msmbuted among ‘
“members of Simuliini (1). The ca1c1pala is probably a groundplan feature of Strnuluru as
evidenced by its presence in such pnrmtwe members as Paracnephia, the Austrahan .

Cnephta and the Neotropxcal genera formerly assigned to the tribe Prosmulnm (cf

Wygodzmsky and Coscaron 1973) Two of the three specxes asmgned to the ples1otyp1c



%

genus Procnephia have only a weakly developcd calc1p byt the third, P rhodesianum
- Crosskey, lacks one. Asa weakly developql calcipala is mferred to be the groundplan ‘
condition for Simuliini, its absence i in rhodesr_anum must be considered secondary. 'I‘he_

| fcalcipala apparently has been 16st also fro'ml Crozeria Sulcicrrephia Metacnephia, and

_certam members of Simulium s.lat. (2) Because of homoplasy, the ca1c1pala can be

cons1dered only a secondary synapotypy A summary of some of the transformauons BT .

-

dlscussed a-bove is 111ustrated in fngure 22

- Character 58,.(18)-,’.

Radzal sector unbranched or with an obscure apxc%l fork that is conspzcuously
shorter than its penole — f’I'hxs represents the thlI‘d stage of a transformatlon senes that
:  begins wrth the consplcuously branched rad1a1 sector of Parasunulunae The second or
mtermedlate stage is exemphﬁed by the radial sector of Prosxmulum which has the
branches more closely appronmated In its most hrghly derlved state the rad1a1 sector is
: ert.her unbranched or is represented by an obscure aplcal fork Although 1t mxght be
: _:argued that the dlfferences between these patterns are merely a matter of degree each state
s 1mmed1ately recogmmble and there has yet to be: found any forms that could serve as a
hnk between them. Therefore it seems posmble that differences in the radlal sector 51gmfy
a substantial phylogenetic gap between Parasunulunae and Slmuhmae on the one hand and '
Prosimuliini and Simuliini on the other. The apotyprc state is 1; the plesiotypic state,
Wthh is for the radial sector to have a long, distinct. fork is 0. State 1i 1s taken as a .

: secondary synapotypy because it is a regressive feature Evoluhonary transformanons of

the simuliid wing are illustrated in figure 20. S - -



s although they exanuned only a hmrted number of genera (Cnephia s.str. Metacnephla

Charactcr59‘~(s). .- S { I

~Costa wzth dzmorphzc setae — ‘Hackman and Varsanen ( 1985) concIuded that a
} relatrvely sunple type of costal chaetotaxy, 1n whrch slender uregularly srtuated R ',
‘”rotn.chxa are the only type of seta present is the pnnnuvecondmon for Dtptera (0)
Such a condlt:ron occuts in the Mecoptera (Panorpa), nearly all the nematocerous
' superfannhes and many other groups of Drptera as well. Among Cuhcomorpha the

3

ru;uttve condmon is ev1dcnt in Drxrdae Thaumalerdae C;ratopogomdae Chtronomtdae &

Parasrmuhmae and Prosunulnm Culicidae and Chaobondae have scale hke getae but

T

Haclcman and Viisinen con51der thrs to be a rmnor modtﬁcatron of the pnnirtlve condmon P

' Srmrlarly— the long, thrn setae of Psychodrdae are consrdered to be an 1ndependent '
development from the general plan. The Srmulum wmg drffers from those of _ | .
Parasrmulnnae and Prosimuliini in, havmg a second type of seta interspersed among the .
charactertstrc harr-hke macrotnchra (fig. 63) Hackman and Vmsanen suggested that the

' 'presence in Sunuludae of sparsely arranged costal sptnulae could be consrdered a

synapotypy of a group of genera but farled to elaborate I concur wrth'thrs concluswn

Simulium s.lat. ), and the distinction between the two types of setation is not as clearas = '
they suggested Pnrmtrvely the differentiated seta oj&muhrm appears as a somewhat "

tluckened verston of the harr-hke  macrotrichium (1). Such a condition is found In the

' Ausu'ahan Cnephza" (in part). Greniera (in part) and the male of Procnephza Females of

Procnephta lack drfferennated costal setae, but it 1s unclear as to whether thlS represents the
primitive condmon for sunulune females, or whether 1t is in fact -a reversal to the pnmmve '
~ form. Another possrbrhty (albeit untestable at present) is that the tendency for drfferentrated |
costal setae is an underlymg syapotypy for Stmulum and the character has become
variously expressed in drfferent lmeages In 1ts most highly denved form the dtfferentrated

seta appears as a consprcuous blackened splnule 2). However the dtsnnctlon between



- the two types of sétac is rather arbrtrary as an almost umnterrupted t:ransformauon senes
can be formed between the halr- and spme-hke seta; of members of Simuliini, It is _ |

_ 'posmble that lmeages within the t:nbe can be defined by the form of the costal setauon but
‘tlus is an area requmng further study. Bccause of the mstances of homoplasy mdlcated
above the derived state can be taken only as a secondary phylogeneuc md1cator "The E

evoluttonary transformanon. discussed above is illustrated in ﬁgure 20.

h!

Character 60 (s).

' ”Strap Ilke connectzon" between - -paramere and ventral plate of male ansmg

, subapzcally on anterolateral apodeme ("basal arm”) of ventral plate — Males of
- Parasrmulnnae sharc with those of Prosrmuhml a strap-like connection between the
paramere and the anterolateral apodeme of the ventral plate The strap arises from near the
-apex of the apodeme and prOJects anterodorsally toa pomt where it: connects with ‘the
' paramere Wood and Borkent (1982) compared. tlns arrangement W1th the con&on in
most other sunuluds in which the paramere connects with an angular point on the side of - |
the ventral plate The angular pomt is probably the remnant of the st:rap -like connectlon
* which has S1mply become fused to the latéral margin of the ventral plate The anterolateral
apodeme in thls latter arrangement appears as a solid ﬁnger—hke projection, free of any { .
assocrat:lon W1t.h the paramere. An mtermedlate condmon 1s evrdent in the male of certain
genera (e.g. Procneph\t‘é Paracnephia, C rozena Mayacnephza Cnes:amz@) which have |

~ the strap-like connectlon Subaptcal on the anterolateral apodeme. I have mterpreted this
- 'mtermedlate stage as the groundplan condition for Srmulum (1) The. pnmmve condxtrdn

| \ WhJCh is for the strap-hke connectlon of the: paramere to ongmate from the apex of thc basal
arm, is (0) Unfortunatcly, out group companson does not seem possible at present
because Iam unable to identify homologous structures among the out-groups Character-

state 1s regarded a secondary synapotypy becausc itis a regresswe (fusron) condmon A



RS ongmate duectly from the apex of the paramere; although in some species, the spmes ‘

85
summzu}l of the hypothesized uansfomxations is given in figure 23.

-

<G

- Character 61 (s).. .‘

Paramere of male with splnes apzcally (= parameral spines). — In Slmuludae the
: parameres are large tnangular— to subquadrate shaped structures that anse from the -
anterolateral arms of the ventral plate.. In many species the ap1cal or posterior end of the

. paramere is armed with 1 or more ' parameral spines” of various size. - Typlcally, the spmes o

_ appear to be 1solated in the aedeagal membrane adJacent to the paramere In certain specres -
of Simulium s. lat. the paramere has along its’ posterodorsal margm a ﬁnger—hke prolecuon -
;whrch in turn bears a series of apical or subaplcal parameral spmes Presence of parameral
‘spmes regardless of their form isa w1de1y and commonly encountered feature of

members of Slmuh1m The typical condmon in Diptera is for the paramere to be simple

postenorly (le. w1thout spmes) —a feature shared by members of Parasrmulunae and-

. ,Prosunulum (0). Presence of parameral spmes therefore must be denved and can be taken -

~asa synapotypy of Simuliini, as here deﬁned In the absence of mformatron from the out-

groups, one can only speculate about the evolutionary transformatrons of parameral spmes

within the tribe. From a developmental perspective, the presence of small spines on the\

apex of the paramere would bea logrcal flI‘St step (1). Sucha condition is found In the B N
'followmg genera: e.g. Stegopterna Szmulzum s.dat. (in part) Other condmons w1thm ;
Simuliini are easily derived from this hypothesued groundplan: (1°) development of long, |
stout parameral spines (e.g. Cnesia, ngantodax and Szmulzum sdat. [in part]) (1") '
development of a ﬁnger—hke extenswn on the posterodorsal margm of the paramere, on

which the spmes are held (e.g. Simulium s.lar. [m part]) and (1 a) 1solat10n of the spines

N



in the aedeagal membrane through reductmn of the apex of the paramere (e g Procnephza C ‘
Paracnephia). From thlS latter state a further mod1ﬁed condmon can be denved wiz. loss -
of parameral spmes (2‘> Y (eg. Mayacnephza Tlalocomyta Cneszamzma) Loss of ;
parameral spines is associated wlth the general reductlon or ioss ot the paramere It is clear
_that the dlstnbunon of these character-states throughout the tribe is extremely complex, and .
as yet not well resolved. An alternatlve explanaﬂon for the wxde spread occurrence of .,
“ pararneral spmes in Simuliini is that it is acmally an underlymg synapotypy of the tribe,and -
that 1ntra-mba1:yananon is the result of differential express.lon.. But regardless of whether )
~‘parameral spines prbve tobea synapotypy (an evolutionary novelty present in the common
ancestor of Simuliini, but with secondary modiﬁcations or losses) ’gr is in fact an'
7 .underlymg syapotypy (close parallehsm asa result of common inherited genetic factors) it
is clear that presence of parameral spines can be considered only a secondary synapotypy
of the tribe. During'mating, the parameral spines are evidently erected so that they engage
" and push ventrally the hypogymal valves of the female sternum 8 (Davies 1965b) ThlS

widens the female cav1ty to fac1htate insertion o/f' the aedeagus. ’ 6 | :

&
Systematics of Simuliini RO | ,'\‘

Slmulum is the least well-defined of the pnmary evolutronary hneages of

' S1muludae Of the 5 characters enumerated above, only 2. (both regresswe) hold for all
'fmembers of the tribe (58 60) (ﬁg 5) The 3 other synapotyples (57, 59, 61) are

. homoplasnc the features evidently having been lost several umes mdependently

However no scheme of Simuliini exists (or can be constructed) in whlch 1nstances of

o homoplasy can be completely eliminated. The -most problematic spec1es belong to

Procnephza which ev1dently comprise one of the earliest lineages of. the mbe Several of
the features discussed above are only 1ncrp1ently developed in that’ genus Further the -

A



. 87 -
group as a whole is madcquatcly collected, and not all charactcr states have }een ﬁnnly
established. For example, the male of P. damarensis de Melllon and Hardy is known

\

only from parts of dissected pupac (pharate adults) and so the apparcnt absence of .

Q‘,.

parameral spines may in fact be the result of incomplete development.



~\

- apotyplc for Slmuhldae (W ood 1978), there are quesuons about the rehablhty of thlS

figure ?

2.9 Relationships among the primary evolutionary lineages of Simuliidae

A phylogenet:c arrangement of sunulud subfamlhes and tribes is diagrammed in

¢

The model is conservatJve in that it places Paraszmulzum s.lat. as the sister taxon of
all other simuliids, a point on which most modern workers agree. Nevertheless, the
hypothesis of a close relat10nsh1p between Parasimulium and some other primitive- grade
simuliids also deserves consideration. Enderlein (1921) was the first worker to suggest
such a relatronshlp by including Paraszmulzﬁm, Prosimulium, Cnephia and Helodon i in the
subfamily_ Prosirnuliinae. Stone (1963,1‘965) adopted a similar system by iry:luding
Parasimulium, Prosimulium, Twinnia and Gymnopais in the subfamily Prgsimuliinae.

However, neither classification was prefaced with a discussion of ch ters, and their

ideas have received little support over the years. More recently, Borkerht and Wood (1986) R

provided a model in which Crozetid was placed as the sister ta:t_on of the above mentioned

¢ . ‘ T .‘ i
genera (fig. 4b) This entire assmlage was held together by a single synapotypy viz.

reductron of the labral fan in the fust mstar lawa Wh11e itis clear that a reduced fanis

character as a phylogenetic mdrcator First, itis a regressive feature, and thus cannot be
taken as swong phylogenetlc ev1dence Seeo}nd, the character is homoplastrc wnhm
Cuhcomorpha If well developed labral fans are in the groundplan of the mfraorder as

suggested by Wood (1978) then they must have been lost in Chaobondae Thaumalexdae

' Chlronormdae and Ceratopogomdae Indeed, the character is even homoplastrc within

-

Sunuh1dae ifitis con51dered that members of the Szmulzum ov;(:eps Edwards group also -

have reduced fans (Cralg 1977) S. ovzceps is only remotely related to the- fanless o

' ,Prommulum. Two other‘characters, both features of the first-instar larva, were provided in

88
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Nerther chamcter has been wrdely surveyed in Cuhcomorpha and I am therefore inclined to

accept the larger suite of characters (37-51) used to support the monophyly of Sunuhmae

as defined in' the present work.

‘
kS
‘»

The »‘i‘nrtial dichotomy within Simuliinae remains somewhat more problemiatic. A .

sisty r—group rélanonshrp is suggested between Prosimulium s. lat. + Levmma + Twmma +




onophyly and suprageneric relationships of Simuliidae.
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2.10 Zooéeographic Considerations

Ltttle can be mferred about the geograph1cal hxstory of Sunuludae The family is
represented only sporadlcally in the foss1l record and the earh.est known mclusmns (early
Cretaceous) lack features that permit placement beyond level of tribe. Further, adult black

ﬂles have tremendous dtspersal capabtlmes as inferred from the occurrence of sunuluds

N (Crozetza crozetenszs (Womersley)) on such remote oceanic 1slands as the subantarctlc Tles

Crozet (47°S 5 1°E) This volcamc arclupelago is more than 3000 km southeast of the

southern tip of Africa, Wthh 1s where the next closest populauon of black: ﬂxes occurs.

~ Such mspemal abilities tmght obscure patterns attnbutable to vicariance. Nevenheless the

present-day d1str1but10n of the pnmary lmeages is mterestlng, and warrants con51derat10n

The first question that must be addressed is when Su'nuhldae ongmated Recent

~work by Jell and Duncan .(1986) shows that several families of Cuhcomorpha were already |
| well differentiated by early Cretaceous times: D1x1dae Chaoboridae. (Chlronomaptermae)

Sunulndae and Ch:rononudae (T anypodmae) hence it is clear thati the. ongm of the

mfraorder was much earlier than this. Of particular interest is when the vanous hneages of

Ch1ronom01dea separated. The oldest fossils deﬁmtely referable to the superfarmly, which

... are members of the so called "Archltendlpedldae" Rodendorf (Archztendzpes tshernovskyz
' Rodendorf Palaeotendzpes alexii Rodendorf) are of Upper Triassic age (Hennig 1981) If :

" these fossﬂs really belong to the stem group of Chlronorrudae as suggested by Henrug,
and if Sunuludae is really the s1ster taxon of Cthonoxmdae + Ceratopogomdae (ﬁg l), )

' then Sxmuhldae also must have been in exxstence durmg Upper Tnassm ttmes Indeed, the

N

same argument can be used to set a rmmmum age for Cuhcoxdea and. Thaumaletdae

v;Further dlscovenes are needed to determme the apprommate ages of the various famllles |

The following discussion. of the geographical history of Simuliidaé is based on

| Coei



- S T w2
seSfmﬂ assumptjons. First, it is assumed that the famzly on'gina.ted dllﬁng Upper Triassic
times (or at a time when there was only a single contmental land mass — Pangea). But
even if the family originated k_}igter than thlS say during middle or late Jurassic times, then
the ongm of Simuliidae would still be effectwely Pangean because gaps between the
. separating contmenis would pose only a minimal barrier to chspersal Second itis
) assumed that habitat reqmrements for Simuliidae have remained constant over time. 'fhe
prumtlve habitat for Sunulndae is presm;ed to be mOt;ntamous (a fact corroborated by the
large number of ples1otyp1c forms presently associated with that habitat). ThlS is consistent
‘with the conclusion of Brundin (1966) that Chironomidae must also have taken its origin in
cool mountain streams. When it is considered that the distribution of _Thaumaleidae also
. follows that of mountains, it would'seem that such a habitat- is a groundplan feature of )
~ Chironomoidea as a whole. If the earliest lineages of Simuliidae were indeed resuicfed to
mountainous terrain (and all available evidence points to this conclusion), then colonizétion
‘ofa partieular region can. be correlated w£ﬂ1 orogenic events (i.e. prifrxitive simuﬁids could
not have occupied an area untll after mountams had hfg) The thmd assumption is that ,
some of the present-day patterns are attributable to vicariance, and are not merely the result
» of dispersal. While it is acknowledged that mstances of long distance dlspexsal have

~ occurred (Crozetza) itis also clear that presumably habltable areas have rernam uncolomzed

(e.g. the Hawanan and Falkland Islands).

The pnmar; lineéges of Simuliidae are di-stributed. as follows presently' 1.
Parasunuhmae — Western Nearctic; (2) Prosxmulum — Holarcnc and (3) Slmuhml
‘ ‘Cosmopohtan The geographi¢ dlslnbutmns of Paras1muhmae and Pr051mulum -and those .
of the most plesmtyplc members of Slmulum are shown in figure 24 What follows isan |

interpr tauon about how these patterns arose The timing and sequence of major geologlgal

events (plate movements) is taken from Hallam (1981) and Srruth etal. (1981)

- -Members of Parasimuliinae are presently restricted to the southwestern Neai'c.tie
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Regron. More specrﬁcally, they are known only from the Coastal and Cascade Ranges of

the western Umted States. Assummg that Parasimuliinae had a Pangean ongm or -

originated at a ume when gaps between the continents were narrow then their present day

dlstnbutlon can be described only as relict, meaning that thelr d1stnbut10n is consrderably

reduced over what it once must have been. Indeed, geologrcal evidence ¥ suggests that ’

Parasunulnnae could not have occupred their present range until the early Eocene as this i 1s

'when the oldest forrnatrons i which they now live (the Coastal Range) first began to lift

(Baldwin 1981). The origin of the Cascade Range is even more recent arising during Ph'o-

Pliestocene times. It is jmpossible to detemune what has caused the extirpation of

Parasunuhmae over most 1f 1tsrange or when the reductron took place. Perhaps modem— :

day representatlves of the subfamrly survived by invading a unique larval habltat, the . '

hypogean zone.

P
Prosunulnm members are presently restncted to the HoI‘arctrc reglon One
explanauon for this drstnbunon is that the tribe originated in Laurasra and has - |
subsequently faﬂed to colomze the southern contments The oldest known fossil
attributable to Srmulnnae is.of lower Cretaceous age, which means that Prosimuliini may
have drfferentrated atatime when the Tethys Sea separated Laurasra and Gondwanaland. -
This gap, although narrow in the westem, Medlterranean persrsted from the Myfd,le '

'Jurass1c through the Cretaceous however it 1s doubtful that such a narrow gap would pose

. a ser{b&s\b;a_x;)'ler to dlspersal Perhaps the absence of Pros1mulnm from the Afrotrop1ca1

. and Onental regrons is. related to other kmds of barners or because of a lack of surtable ’
' habltat As already indicated, prosunulunes typlcally inhabit mountamous or high latitude
areas. The Sahara desert presently serves as a barrier between Morocco (the southern limit
R

of Prosunulum) and the mountalns of western Afnca but may“also have served as a barrier

a._mq;mng earher t1mes Troprcal forests once covered the Sahara and the flat terram of the

v region would have proven unmhabltable for Prosrmulum Slmrlarly, the Gobr desert of

a4



Mongolia, and the Tali'mupendi desert of northern‘ China, form an effective.barrier'between
the Parmr + Tran Shan + Altai + Sayan mountams to the north (where prosunulnnes occur),
and the eastern I-hmalaya and Kunlunshamnm mountams in the south (where they are
\apparently abse'nt) The apparent absence of Prosunulnm from the western Himalaya i is
anomalous, as therd are nio apparent barners between those mountams and the Parmrs |
Whether this is due to some unknown d1spersa1 barner or is merely a collecting artifact,
. cannot be determmed at present. The absence of Prosimuliini frorn most of the Middle
| East, and from much of central Europe and Asra cah be attnbuted toa lack of sultable

habitat (i.e. lack of runnmg water absence of mountamous temun)

-]

In the New World, prosimuliines evidentl'y range only as far south as California I
‘am not aware of any records from Mexico, mcludmg the mountainous reglons of BaJa ,
Cahfomla. As in the Old World, the most significant barriers to southward dispersal
appear to be deserts, or at least semi-arid ﬂatlands The Mojave and Sonoran deserts form
an effectwe present-day barrier between the Sierra Nevadas of Cahforrua, and the Sxerra o
Madre Occ1dental of Mexico; farther east, the Rio Grande valley poses a barrier between the _
L Rocky Mountams and the Srerra Madre Onental The reg10na1 shxft toa dner climate began B
. only durmg the early Eocene (Axelrod 1979) but the earher presence of troptc savanna and

‘ dry tr0p1c forest, and lack of mountamous terrain, would also have provided a barrier.

Most present day barners for Prosunuhm1 are not of a dlstance that would preclude .
~long dlstance dlspersal Further, some of the bamers have appeared only recently This
vsuggests that the lnbe nught have orlglnated at more northerly 1at1tude and that they have -

" _ diversified (at least i in the southern part of the range) relauvel;grecently

' Another' possible explanation for the strictly Holarctic occurrence of Prosimulijnihis

,extmctlon Perhaps the tnbe was once dlstnbuted over a much broader area, but has
A Y

‘ subsequently become extlrpated in the southern henusphere One can speculate on. the

»y ) -
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~ forms in Wthh the dlfferephated costal setae are merely thickend versions of the halr—hke .

2:-_

possrble causes of extinction (chmzmc changes" competmon"f but such hypotheses can be

_ corpoborated ohly through dlscovery of extralmutalfossﬂs

;'\\
\‘
Members of the tribe Sunuhnu are d1stnbuted over all conunental“l‘and masses 3
-

‘except Antarcuca, and so little can be mfen'ed about their hrstonca.l zoogeography if the

. tribe is considered as a whole. Focus is therefore centered on the most primitive memal}ers.,

My criteria of "pnrmuveness is as follows: (1) forms in which the calmpala is weakly
developed 2) forms in which the radial sector has an obscure apical fork, or m which the

suggesnon of a fork 1s given by the appearance of two rows of setae near the apex; (3)

macrotnchmm (i.e.not sprmform) (4) forms in wh1ch the connecuon between the
paramere and ventral plate is mamfestly strap- “like- (z e. not in the form of an angular point
on the lateral margm of the ventral plate); and (5), forms in Wthh the parameral spines are .

in the’ form of mmute denncles All of these features belong to the presumed groundplan of

. Stmulnm,, and represent the earllest stages of development of key Simuliini synapotyples

The criteria of "prlrmtlveness as outlined above can be taken only asa general

guide, as instances of homoplasy (especially reversals) are not uncommon among, Simuliini

. (see dxscussron of Slmulum groundplan apotyples) Consequently, features that seem

‘ ples1otyp1c on pnma facie evidence n may actually be apotyplc reversals to the pnmmve

condition. Examples of this would be the absence of a calc1pala in sp*e%as of Metacnephza

“and the lack of splmform costal setae\m certain species of Greniera. However there are

other sunulunes in which most or all of the criteria are satisfied. These I would refer to the

earhest hneages of the tnbe Procnephza Paracnephza the Austrahan Cnephza Crozetia,

'-.and Mayacnephza i

L4

If 1t is accepted that these genera are really the most plesiotypic \r\nembers of

: Sxmulnm then it'seems slgmﬁcant that they are dlstnbuted predommantly in the southern '

B . o).
. - . ’ <
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hetmsphere (fig. 24) Procnephza and Paracneplua are restncted to the southem part of .

Afnca the Australian "Cnephia' (as the name suggests) occur on contumtal ‘Australia, as

‘well as on Tasmania; Crozena occurs only on the remote, subantarcuc Iles Crozet and

Mayacnephza is dtstnbuted chleﬂy in central Argenca (although several species range mto

96

the Rocky Mountams of North Amenca) Mentton should also be made of the Neotropxcal

"Prosimuliini" sensu Wygodzmsky and Coscaron,-'whrch are chstnbuted throughout the

Soﬁ/th American Andes. The occurrence of Mayacnephia in Central and North America riot

,withstandmg, the overall distribution of Simuliini is suggestive of a Gondwanaland origin.

o

oy
~,

- Simuliini is by far thé most successful of the primary lineages of black flies, both in -

terms of species diversity, and overall distribution. ‘The success of the tribe may be

attributed in part to the ability. of its members to move out of the mountains. Having done-

so, the n'nmature stages were able to mhab1t the vast array of running-water habitats present

in other physxographlc reglons

Surnmary of the geographical history of the primary lineages8f Simul_iidae

<

(1) Slmuludae is- hypothesmed to have originated durmg Upper Triassic tunes Evrdence
| 518 taken from the fossil record of related Chironomoidea ("Archrtendlpedadae") and
from the hypothesrzed relationships of 51mu1uds to other farmhes On this basxs

Simuliidae is presumed to have had a’ Pangean (or effectJvely Pangean) ongm

-(2) The dlstnbutlon of Parasunulunae is rehct, although itis noted that present—day

representauves of the ‘subfamily could not have occupled theu"} range untrl the eaﬂy
Eocene at the earhest ) | _ .

(3 Prosimuliini and Simuliini had already separated by early Cretaceous times.
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(4) It is postulated that the Holarcnc d1stribut10n of Prosunulum is the result of a

‘ , Lauraslan -origin. The fact that relatwcly narrow prescnt—day barners separate

' prosnnuhmes from the southcm hermsphere is suggestxve of a more northcrly origin

: for the tribe, and that d1vers1ﬁcauon may not have occurred until relatively recently.
Possxbly Prosunulnm once had a much broader dlstnbutlon and gas—subsequently :

become explrpated from the southern part of i its range.

~

(5) The prevalencc of prumtlve gradc Simuliini'i in the southern hemisphere (esp
B Southern Africa and Ausu'aha) is suggestwe of a Gondwanaland ongm The success

of the tribe is attributed to the ab111ty of i 1ts members to move out of the mountzuns !
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‘211 DISCUSSION

"~ As mdxcated from the outset, the distribution of apotyplc character states among

sunuluds is complex, owing largely to the intricate network of reversals or parallelisms that

‘miust have occurred durmg differentiation of the earliest lineages. ThlS plus incomplete

knowlege about all life- hlstory stages of black ﬂlCS has frustrated efforts to resolve

'phylogenetlc relationships.

Early taxonomrc works concenuﬁted mainly on descnptlon of s spemes w1th

relatwely few supraspecrfic taxa being recogmzed It was not until the rruddle of the

twentieth century that enough was known about the world fauna to‘snmulate senous

~phylogenet1c thought. Most present-day nouons about simuliid relatlonshrps originated

dunng the ﬁers and srxttes, when the debate about the fanless condition sparked a number

J

of unportant works The seventies saw a declme iri the number of phylogenetic .

treatments although apphcahon of phylogeneuc techmques sensu Henmg contnbuted

. .toward the testability of hypotheses. Dlscovery of females and larvae of Paraszmulzum in

the early exghtxes has rekindled i mterest in'the ongm of Srmuludae but has resulted in"

_.confhctmg hypotheses dependmg on whether adult (Wood and Borkent 198 1)or larval
(Borkent and Wood 1986) characters areconsrdered paramount Cytology has also played

4 ‘an unportant role i m unravehng sxmulnd relatlonshrps, but in the absence of mformatLon

about Parasxmulzum and other key taxa and in recogmzmg the hrrutatlons of the techmque

- in determmmg the dlrectlon of evolutron it will remain to the systematist to prov1de a

detaﬂed reconstructed phylogeny

Itis generally agreed that the most’ prurutlve simuliids belong to the followmg taxa

"Paraszmulzum Prosxmulzumslat Twinnia, Gymnopazs Crozena Procnephia, and ‘

%




Paracnephza Undexstandmg the relauonsh1ps of t.hese taxa is central to detemunm g the
pnmary hneages of the famﬂy Historically, three main quesuons have been asked: (1) |
what is the nelauonshlp of Paraslmulzwn to other black flies?; (2) what is the polanty of the
fanless condition in black ﬂy larvae? and (3) what are the tribal hfﬁl‘ts of Prosrmulnm and o

. Sunulnm" These questions must be considered individually.

Results of the pnesent study mdlcate a s1ster-group relauonshlp between

Paraszmuhum and all other black ﬂles thus supportlng the hypothesrs of Wood and

. Borkent (1981). Rejected is the hypothesis of a close relanonshlp between Paraszmulzum

and s&me typrcal members of the Prosunulunr sensu Crosskey, as suggested by characters
of the ﬁrst-mstar larva (Borkent and Wood 1986). The primary- character used in support

| lof thls latter hypothes1s (loss of the labral fan) is regresswe and subject to homoplasy The -
' sta}us of Paraszmu./tum (Astoneomyza ) remains uncertam although current evidence
'suggests that it belongs toa monophyleuc group 1nc1ud1ng Paraszmulzum s.str. Wood and
Borkent ( 1981) have suggested that Asroneomyta alone may be the sister taxon of all other
_sunuluds based on features of the male genitalia. stcovery of the larva and immature

-stages of A. melanderz remains a pnonty._

D1scovery of fully fanned larvae of Parasimulium corroborates the hypothe51s of

Wood ( 1978) that absence of fansls a secondary or derived- feature of black flies, and
_ .bnngs 1nto quesuon the special status glven to Gymnopazs and Twmma (Gymnopandmae)

‘by some- Speclahsts If we are to assume, as does Rubtsov (1956, 1974), that the: fanless
¥ "condmon is primitive for Sunuludae and we accept the hypothesrs ofa 51ster-group
relatmnshlp between Paraszmulzum and all other. black ﬂlCS (as even Rubtsov would have
it, cf. fig. 3a)), we would then have to aséume that the snnuhld labral fan has evolved at
least twice — once in Parasimulium, and once in all other black ﬂles Thls would be
‘ extremely unparslmomous g1ven the unhkehhood of such a complex structure evolvrng on

more than one occasion. Results of the present study support the conclusion of Wood

-
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- (1978) that Gymnopais and Twinnia are probably den'ved from a Prosimulium s.lat.

100
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ancestor.

The thlrd question is somewhat more difficult to answer. Wygodzinsky and’-

.Coscarén (1973) asserted that there was no clear-cut separation between Prosimuliini and

Simuliini, at least as understood by werkers of the day. Further, they maintained that most

definitions of Prosimuliini were based on symplesrotyprc characters and could not be

' 'upheld m a cladistic system. Crosskey (. 1969 1981a) admitted that "no hazd and fast line

can be drawn between the two tnbes . although it was not his mtentmn to construct a

system based on stnct phylogeneuc relanonsh1ps Rather Crosskcy (1981) attempted to

 arrive at a convenient division within Slmuh;nae "which undoubtedly reﬂects some kind of

-phyletic cleavage between the prosrrnulunes (typlcally forms wrthout spmtform vestrture :

on the wing veins, often with forked radial sector, wltlt‘feeble mesepisternal [katepisternal]
sulcus, without a hind-leg pedisulcus, often with strong pupal abdornin'al sclerites and tail-

hooks, and usually with very 1ll-forrned cocoon), and the srmulnnes (typlcally forms thh

vsptmforrn as well as: harr—hke vein vesture with unforked radial sector, with well- formed

meseprsternal [kateprsternal] sulcus w1th undrfferenttated pupal abdommal sclentes and no

"+ definite tail- hooks and usually with a dtscretely -formed cocoon)" There are two problems

‘with Crosskey's definition of Prosunulnm First, as correctly mdxcated by Wygodzmsky

and Coscarén (1973), the definitive characters are all plesrotypxc and cannot by used to
show relatronshlps_. Second, many of the taxa that Crosskey refcrs to Prosrmuhml are notal
defined by tribal Characters. Following is a list of "prosimuliine" genera that do not fit the
characterizatio:s given above: | l Vl
(1) Genera W1th well- developed sprmform vestiture on vems Procnephza
C rozetia, Mayacnep}ua Tlalocomyza C nesza Gtgantodax Araucnephza

Araucnephzozdes Cnesiamima, Lutzsimulzum Paraustroszmulzum

Sulczcnephza Stegopterna Gremera (in part), Ectemnia, Cnephia,



R 11 It
Metacnephia. .- .
(2) Genera ‘without a fork i in the rad1a1 sector: Procnephza Paracnephza Crozetza
Mayacnéphza (in part), Tlalocomyia, Cnesza ngantodax Araucnephza
| :Auraucnephzoades eneszamzma, Lutzszmulzum Paraustroszmulzum
T Sulczcnephza Metacnephza (m part), Stegopterna The followmg genera have R
only a obscure apical fork Mayacnephia (m part), Greruera Ectemma

+ Cnephia, Metacnephza (m part) ,
| (3) Genus‘ _with a'well-deveIOped katepistemal sulcus: 'Paraustrosimulium.-

D “ Genera w1th a deep pedrsulcus on second tarsomere of hind Ieg Sulcinephia.
(several other genera have: members in- whrch a shallow pedlsuICUS is. present
and there are others that have a d15unct wrmkhng of the cutxcle in the area of :

the pedrsulcus)

)] Genera wrthout strong pupal abdommal -sclerites: Gremera Metacnephza \

Sulczcnephka [’7]

(6) Genera w1thout strong pupal tail-hooks (terminal spmes) Gymnopazs (m
. part), Tlalocomyza Paraustroszmulzum Metacnephza Sulczcnephza
(7) ‘Genem with a discretely formed pupal cocoon: Ecremrzzfa, Meracnephia,

?
Sulcicnephz:a.. - R

Although convenient in that approxrmately equal numbers of specres are in each of

-~

the two tnbes the cntena by which a genus is relegate to one or the other is smctly
subjective, and some features do not hold for the maJonty of mcluded genera (e g.
characters of the wmg vems) For: example Crosskey (1969) originally referred

‘ Metacnephza to the tribe Simuliini because "The ba]ance of characters in Metacnephza taken |
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| together make 1t best to assrgn the genus to Sunuluni n! Later in his 1981 classrficatron
C:%sskey relegated the same genus to Prosunulum but provrded no Spec1ﬁc reasons for
that action. Ifoverall "balance of. characters is taken into consideration (i.e. w1thout
" regard to whether character States are prnmtrve or denved), then itis clear that the
h placement of not only Metacnephla is eqmvocal but other genera as well For example
Sulicnephia fails to sausf‘y 6 of the 7 c}@a\_\r’sed to define Prosimuliini, but is nonetheless
relegated to that tribe. One can assume only that the one concordant feature, a feeble
kateplsternal sulcus was consxdered more important than all the others combmed But if -
this were so, why wasn't Paraustroszmulzum whrch has a well developed kateprstemal

sulcus, refcrrcd to Slmulnm'7

o

Crosskey (1987) mamtams that "classrﬁcauons are needed for pracucal ends (taxa
_deﬁnmon 1dent1f1catron) but phylogenies are not essenual for day to day purposes " The
implication is that "convement" but paraphyletrc groupings should be maintained over a ‘ BRI
system based on phylogenenc relationships. I cannot agree — at least W1th respect to. the .
hlgher class1ﬁcat10n of the famrly Fxrst, a system ‘based on phylogenenc relauonshlps
need not be inconvenient to the non-taxonomist. Indeed if the limits suggested i in the
present work are accepted, then dll taxa in all hfe hlstory stages (excluding cgg) can be
placed unequivocally at the tribal level. The only "mconvemence is that there is a greater
proportlon of simuliines to prosunulunes the proportron bemg approxunately 12 1 (in L;'.ﬂ i
Crosskey § system the proportion is  about 5 : 1). However reJecuon of tribal limits based
.on drsproportronahty would be inconsistent with the acceptance of Parasunulunae which
has less that one percent of the entire world simuliid fauna. Vrrtually all modern workers
have accepted this subfamily. Would changmg the suprageneric clasmﬁcahon of
Srmuludae be drsruptlve to the non- taxoﬁormst” Not necessanly By far the majority of

non-systesnatic work on the family is centered on.Simulium s.lat., which remains within

- Simuliini. ‘The other genera con51st.of relatively few species, and few of these are of
o ‘
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medrcal and vetennary unportance Anyway, only sel im is there reference to

_ supragenenc categorres in non-taxonormc WOI' ks.

- Whether a classrﬁcatron based on purely pheneu grounds or phylogenenc '

relatronshrps should not be deterrmned solely with: respect to unuhrdology Consrderauon

" should be given also to the taxonomic state of-affairs in other Dlptera, and in parhcular

“ Cuhcomorpha. Led by the proneenng -work of Henmg, d1ptensts have tumed mcreasmgly

to phylogenetrc systematrcs to resolve relatlonshrps Nowhere is ﬁus more evident than in
'Chlronormdae whrch has recelved a number of important phylogenet\nc treatments in recent

' years (e.g. andm 1966 1983 Borkent 1984 Sather 1976, 1977 l979a 1979b, 1983

. Brundan and?ther 1978) Phylogenetrc works have also appeared on\Ceratopogomdae

(e g. Remm 1975 Grogan and Wrrth 1979, Borkent and Forster 1986), Drxrdae (Disney

1983) and Chaobondae (Saether 1970 Borkent 1979) Important contnbuttons On

Simuliidae have been produced already by Wood (1978), Wood and Borkent (1981) and

~ Borkent and Wood (1986), and it is hoped that the trend will continue if systematrc work

- on black ﬂres isto keep pace wrth that on other Drptera . SR
: ) _}: . ) . \

\

One unportant advantage of Crosskey s system relates to fonnal rankmg \of taxa. # c‘ 5’ .
Two  systems are widely used: one, as advocated by Rubtsov (1974), recognizes many

small genera (59) but no subgenera; the other which is favored by Crosskey (1981a
\
1987), recogmzes feWer genera (23) bf which the largest are divided mto a number of

subgenera. Because of the large number of genera recognized in Rubtsov's system, 21

larger number of supragenenc taxa are needed to accommodate them. For example a total
~of4 subfanuhes and 5 tribes are recognized i in Rubtsov s (1974) classrﬁcauon Crosskey S

" system is much srmpler recognrzlng only 2 subfarmlres and 2 mbes Simuliidae is a , "\

S

relatively small family of Drptera and has far fewer specres than several other culrcomorph‘

C fam1l1es (Table 2.3). Given the structural homogene1ty of black ﬂJes, the large number of

. ‘\ o
supragenenc taxa advocated by Rubtsov hardly seems justified, especrally when compared \\ -

)
!

Y
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with the classifications of other more specrqse farmlrds (T able 2.3). Accordmgly, fewer

: ~ genera should be recognized. This would make the cla551ﬁcat10n less cumbersome for'the

non-specrahst R -

Unhke Crosskey, Rubtsov (1974) favors a classrﬁcauon based on phylogenetlc
_ relatlonshrps Unfortunately, characters were analyzed under the assumptlon that srmuluds
' 'were derived from a chrronormd ancestor WhJCh has resulted ina number of senous errors.
about character—state polanty (e.g. the mterpretahon that the fanless condition is prlmmve
for Slmuludae) Although Rubtsov provrded a secnon on the "ta:mnormc characterrst1cs of -
sxmuluds and the duecuon of the1r evolution" nowhere is it 1nd1cated how the characters
-are nested in the concludmg dendrogram (figs. 3a, 3b) Thus Iam unable to determme
what synapotyples if any, were used to define his supragenenc taxa. Letus con31der the
subfamily ' Prosunulunae" (Proszmullum s. Iat Procneph>a Paracnephia, ngantodax) If -
‘we are to accept that Procnephia, Paracnephia, and gzgatodg;c all belong to a monophyletic
 group including Prosimulinm s.lnt. then characters'57 - 61 (all presumed Shhuliini
" synapotypies) must either have been independently derived i in| the ﬁrst 3 mennoned genera
or were lost (as reversals) in members of Proszmulzum s.lat. Nerther optlon seems very
parslmomous. In the absence of any clearly stated synapotypies for Prosimuliinae sensu -
Rubtsov, the hypothesis of a close relationship between ProSimuI‘iuma'nd the above-
mentioned genera is rejected. Similar problems are evident with other of Rubtsov's taxa as

well -The only subfarmly that is undoubtedly monophyleUc 1S Parasunuhmae

In summary the supragenenc cla551ﬁcat10n advocated in the present work, based on
phylogenetrc relatlonshlps bridges the gap between between the two most w1dely used
schemes. The advantage of this system is that it reﬂectsaceurately relatJonshlps among the
_ earliest:lineages of Sirnuliidae and pérmits unequivocal placement of genera at the tribal

level. Mor:over it proves the basis from which to mterpret the zoogeographic and

evolutronary hlstory of the farmly Such endeavors have proven difficult in the past

>
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" _ because of l_ack of fundamental k:toW’ledge about even the most basic relauonshlps
) Another advantage of the system proposed here is that it is testable Hypotheses of
- relat10nsh1p can be corroborated or falsified based on addxtmnal information. The
pioneering work of Wood and Borkent provided the cladistic framework on Wthh the
present study is based. Itis hoped that hypotheses suggested here will also be tested, and
- will be corroborated or fa.lsiﬁed on the basis of their own merits {i.e.on the basis of the
“characters used) Accordmgly, the class1ficat10n based on this system should be accepted
| or modified as addmonal mformatlon comes available: This will lead eventually to a well-
corroborated and W1de1y accepted classﬁicatory system, whxch will lead ulumately to

stablhty



- Figure 1. Dendrograin,showing phylogeny of Cuﬁco_morpha, as discussed in text.
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Fi lgure 2. Dlagrammatlc representation of spiracular systems of larval Cuhcomorpha

dlagrams at mtemodes mdlcate the presumed groundplan for a clade blaok segment

= larval head.
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Flgure 3. Rubtsov s (1974) 1nterpretat10n of relationships among Simuliidae. A.
Dcndrogram showmg hypothesued relatIonshlps of suprageneric taxa of

Simuliidae. B. Dendrogram showing hypothesxzcd relanonshlps of genera of ‘

Prosimuliinae.
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. Figure 4.' A Relationship of Pa}asz'mulium to other Simuliidae, as suggested by features
. _of the adult (Wood and Borkent 1982): (1) large upper facets and small lower facets
of male eye drstlnctly separated by a lifie of dlscontmuxty (2) branches of radial

_sector (R2+3 and R4+5) closely approximated; (3) sternum X of female divided
medxally, 4 Kateplsternum greatly reduced, almost pornted ventrallx /. in proﬁle 4)
mesepimeral tuft lost; (6) peglike seta at apex of gonostylus lost; (7) supra-alar
notch narrow and deep, with sharp supra-alar crest and narrow latera.l opemng (8)

gonocoxite With apicolateral ﬁnger-hké@extensron and row of setae along adJacent :
| edg % 9) ventral plate with forked apex, the ap1colatera1 prongs lmmoblhzed by |
. "inner gonostylus" (10) median sclerite long and strap-like, with apically widened
portion; (11) gonostylus with subapical cusp on dorsal srde B. Relanonshrp of
Paraszmulzum to some Prosrmulum (sensu Crosskey), as suggested by features of
the first instar latva (Borkent and Wood 1986) synapotyples are m%cated dlrecr_ly
o

on the cladogram

&
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Parasimulium
Asloncomyia
All other Simuliidac
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o
anteromedian palatal brush scoop-shaped
maxillary palpal sensilla lincarly arranged -
maxillary palpal sensilla subapical ’
maxillary palpus with apical spicules
labral fan ri_:duccci - ‘ . . ) - .
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Frgure 5. Cladogram showmg hypothesued relatxonshrps of pnmary evolutronary -
lmeages of Sunuhxdae (24) stemmauc bulla; (25) ﬂagellum of 8 articles; (26) katepisternum
reduced 27 meseprmeral tuft lost; (28) basal medral cell lost, (29) basal radlal cell reduced (30)
. . | ;onostylus with aprcal peghke seta lost; (31) matmg behavrour. (32) autogenous females; (33)
| maxrllag palpus of ﬁrst-mstar larva with subaprcally arranged sensilla; (34) abdommal segment 8 » s

g of larva with.a single, large, midventral tubercle, (35) hypogean habxtat of immatures; (36) lack of

pigmentation of i 1mmature§. 37 eye of male with line of dlscdnunutty between large upper facets .'

\and small lower facets (38) radial sector with branches 2.3 andRy +5) closely approxunated N

a

(39) false vein (m-cu fold) forked aprcally (40) katepxstemal sulcus (mesepisternal groove); (41)
sterfum X of fem:He drvrded medrally (42) plastron network covenng the entire respuatory organ;
(43) felt chamber of respiratory organ lost (44) pupal splracle commumcatmg with "lumen" of
plastron; (45) pupal sternites 6 and 7 (at least) divided medxally by a senu-membranous v |
longrtudmal stnate area; (46)" pupal abdormnal segments 3 - 8 with terga and sterna dmded by

‘ pleural membrane; (47) pl?uron of pupal abdoxmnal segments 6 and 7 (at least) with recurved
hooks and plates (pleuntes) (48) pupal abdormnal tergites 5 or 6 - 9 each with an anterior row of

' postenorly-duected spines; (49‘; larval antenna of three articles; (50) larval headcapsule with '
postgenal cleft; (51) prothoracic proleg of larva with lateral plate; {52) pupal abdomen with large
pleural plates on abdominal segments 4 and 5; (53) larval antenna with proximal and medial
.arncles unprgmented, contrasung w1th black distal article; (54) larval hypostoma lacking .
paralateral teeth; (55) anteromedran palatal brush of first-instar larva consisting of scoop- shaped

~ fringed plates, (56) maxrllary palpal sensilla of first-instar larva%ubaprcally situated and in a lmear
conﬁguratmn (57) calcrpala on inner apical margin of hmd JbasitarSus; (58) radial sector unbranced
or with zn obscure aprcal fork that is consplcuously sh&ter‘mzm its peuole (59) costa with
drfferenuated setae; (60) vental piate of male with "s —ltkE‘eonnchqn" to paramere ansmg
subaplcally on anterolateral apodeme ("basal arm”); (61) paramere of male with spines or hooks

- Ca N

apically. . ' BRI

\"\
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F igure 6. Cladogram showing hypothesned relatlonshlps of species of Paraszmulzum
only those characters confirmed for both Parasimutium s. str. and Astoneomyia are
glven as synapotyples of the genus: (26) Kateplstemum rcduccd (77) Mese?}neral
.tuft lost; (28) Basal medial cell lost; (29) Basal radlal cell reduccd (30) Gonostylus
w1th aplcal peg;kc scta lost (a) supra- -alar notch narrow and deep; (b) gonocexite
with apxcolateraI ﬁnger—hke extensmn (c) medlan sclerite long and strap-like, with
apically widened portion; (e) gonostylus with subapical cusp ("inner gonostylus™)

on dorsal side; (f) scape yellow; (g) tergites 1 and 2, and sternites 1 - 3, yellow.
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Fi lgures 7-8. Paraszmulzum crosskeyi Peterson @) larval head capsule (upper dorsal

view; lower ‘ventral v1ew), scale 0.25 mm; (8) pupal thorax and resplratory

organ (lateral) scale = 1. O mm.






Figures 9 -14. Selected apotypies of the family Simuliidae, as discussed in text: (9)
‘wing of Mayacnephia sp. (dorsal); (10) terminalia of female of Simulium
nebulosum Currie and Adler (ventral view with hypogynial valve, sternum X, and
cercus removed on left side); (11) pupa of Maydcnephia sp. (lateral), scale = 1.0
mm; ( 12) larva of Simulium pugetense (Dyar and Shannon) (lateral); (13) terminal
abdominal segments of larva of Szmulzum venustum Say (dorsal) (14) prothoracic

proleg of larva of Proszmulzum travisi Sommerman (lateral) v

_Abbrewatlons ap = anal papillae; as = anal sclerite; bf = basal fenestra; bm basal
medial cell; If = labral fan; pp = posterior proleg; ro = respiratory organ; st =

spermatheca; tp thorac1c proleg.
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Figure 15. Hypothesized transformations of the pupal respiratory organ of selected

Culicomorpha, as discussed in text.

A

Abbrev1anons A= Eﬁﬁ' te adult cht1cle BF = basal fenestra FC felt chamber,

. IC= mtercutxcular tracheal conncctlon P = pupal cuncle PL = plastron RO =
(R
& respiratory organ SP = sieve plate, TPL = thlckened part of plastron.

2
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Figure 16. Structural differences between the pupal respiratory organ of Parasimulium,
" and that of 4ll other Simuliidae: (i) cross section through branch of respiratory

organ; (ii) cross section through base of respiratory organ.

Abbreviations: A = pharate adult cuticle, FC = felt chamber LRO lumen of
' respuatory organ MWRO main wall oﬁ;ﬁgp.tratory organ, P = pupal cuncle PL
Co= plastron, SPO = spiracular opening, TPL = thickened part of plastron.
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Figure 17. Hypot_hesizcd transformations of the simuliid pupal pleuron, as discussed in

text.

>
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'F igure 18. Hypothesized transformations of the simuliid pupal tergum, as discussed in

text. . %
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. nguré 19. Hypothesized transformations of tj‘ie simuliid pupal sternum, as discussed in

text.
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Figure 20. Hypothesized transformations of the simuliid wing, as discussed iﬁ text

(dorsal views of right wing): (28) basal fnedial cell lost; (29) basal radial cell

redu;ed in length; (38) radial sector with branches (R243 and Ry, s) closely
appréximated; (39) false vein (m-cu fold) forked apically' (58) radial sector
unbranced, or with an obscure apical fork that is consplcuously shorter than its

° petiole; (59) costa with differentiated setae. ;

Abbreviations: A}, A, = branches of anal veins; br = basal radial cell; C = costa;

| ‘CuAI, CuA; = anterior branches of cubltus f vn = false vein (m-cu fold) M, M; =
posterior (sectoral) branches of media; Rl anterior branch of radlus R2 R, R4

Rs = posterior (sectora.l) branches of radius; Sc = subcosta.
-
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Figure 21. Hypothe51zed transformations of female stemum X, as discussed in text

<

(ventral view; dxagrammat:c) darkly stippled area = stcrnum X; lightly SUppled area .

= cercus. R o N
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Flgure 22, Hypothcsmed transformatxons of the simuliid hind tarsomere 1 (hind
‘ ba51tarsus) (ventral view, dlagrammanc) (A) conc:tlon as found in Parasxmulunae
and Pr031mu1um (B) presumed ground-plan condition for Sxmulum ©) ulumate
development of calcipala, as found in Stegopterna spp. Darkly Stlppled area = hind
tarsomere 1 (apical portion only), arrow mdlcatcs direction of evolution.

“

Abbreviation: clep = calcipaia
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Figure 23. Hypothesized transformations of the terminalia of male Simuliidae, as
discussed in text (lateral view of right side; diagrammatic): (60) strap-like

connection bé®veen paramere and ventral plate arising subapically on anterolateral

apodeme (basal arm); (61) paramere with setae or spines apica.ll_y;'

s
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Fi gure 24, Present- day d1str1but10n of Para51mu1unae (Paraszmullum Malloch s.lan),

; ~ Prosimuliini, and some ple51otyp1c members of Slmulum (Procnephia Crosskey,

Paracnephza Rubtsov Crozetia Dav1es the Australian "Cnepha" and Mayacnephia

sky- and Coscaron (in part)).
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Figures 25 - 32. Structural features of the larva of Parasimlium crosskeyi Peterson
_ (penulumate mstar) (25) left antennal base (dorsal), scale = 40 u.m (26) labral fan
rays (apicolateral), scale = 20 um; (27) nght mandlble (aboral surface), scale = 20,
. Mm; (28) hypostoma (ventral), scale = 50 um; (29) prothoracm proleg (posterior),
scale = 'IOQ 1m; (30) maxillary palpus (lateral),.scale = 50 pm; (3 lv) anal.sclerite
| . (terminal) scale = 100 um; (32) posterior proleg (terminal), s'cal.e =50 u.m
| e
'Abbaréviatig'ns: ab = apical brush; at = apical tooth; bms = bacteria-covered
mpltiporous ‘sensillum' ¢b = covering brush‘vda = dorsal arm; d art = = distal article;
dms = dorsomedian sclentc dpb distal prostheeal brush; 1fb = labral fan base
_mab = membranous antennal base; mps = multiporous peg sensilla; ms =

-~ mandibular serrations; pp = postenor Koleg, tp = terminal plate; va = ventral arm;

vms = ventromedian s¢lerite.

2oy
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Figures 33 - 39. Structural features of the pupa of Paraszmulzum crosskeyi Peterson

(33) base of nght respiratory organ (lateral) scale = 100 | um; (34) base of nght
_‘resplratory organ (transverse) scale = 40 um; (35) branch of respiratory organ
(lateral~obhque) scale = 20 um; (36) granules on portion of thorax (dorsolateral),

scale = 10 1m; (37) abdominal’ segments 3 to 7 (dorsal), scale = 400 Km;:(38)

abdommal segments 6 - 9 (lateral), scale = 100 1m; (39) abdominal segments 4 to7

(ventral), scaJe =400 um. .

L I
»

Abbrev1at10ns bf = basal fenestra; ic = intercuticular tracheal connection; fc = felt |

-_ chamber pl = plastron; pl mem = pleural membrane; ras = - regailatory apparatus of

spiracle; rh = recurved hook; th = terminal hook.
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Fi lgures 40 ¢ 47 fﬁO) head of fcmale of Prosimulium sp. (frontal), scale = 200 p.‘m;

| (41) tarsomere 5 of male of Parasimulium crossk‘eyi Peterson (ventral) sc?fe =20

| um; (42) abdomen of male of Proszmulzum sp. (dorsal), scale = 400 um; (43) head
of larva of Simulium decorum Walker (vcntral), scale = 200 um; %) postcnor
margm of compound eye of male of Paraszmulzum crosskeyi Peterson (lateral),
scale = 20 um, (45) head of male of Par'aszmulzum crosskeyi Peterson (frontal),
scale = 200 um; (46) ventral half of thorax of male of Parasimulium &rosskeyz
Peterson (lateral), scale 200um; (47) termmaha of male of Paraszmulzum

crosskeyz Peterson (Iateral), scale = 40 pm.

,._’-

" Abbrevxatxoné anepst— ancplsternum bs = basal scale; clw = claw; cx = coxa;
| ﬂgm ﬂagellomere goncx gonoco:ite; gonst—gonostylus gh= grapplmo
hook; kapst—kateplstemum mf = mchan fan; ped = pedicle; pf primary fan; sb

' = stemmanc bulla; scp = scape; sf = secondary fan; tm = tarsomere
L]
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Figures 48 - 55. (48) abdominal segments 8 and 9 of larva of Para.szmulzum crosskeyl &, AR
Peterson (posteroventral), scale =100. ;,Lm (49) head of male of Proszmulzum sp
(lateral), scale = 200 wm; (50) ven!ral half of thorax of female of Proszmulzum sp
- (lateral), scale = 100 pm; (5‘1) abdommal segments 6 -9 of put& of Proszmulzum
mosum Shewell (ventral), scale =200 um (52) abdommal segments 6 9 of

B ﬁ@ of Prosimulium formosum Shewell (lateral), scale 400 p.r\ (53) antenor
margins. of abdominal segments 6and7 of pupa of Proszmulzum formosum ;' v
Shewell (dorsal) scale.= 200 Hm; (54) nght antenna of larva of Szmulzum decorum o
Walker (dorsolateral) scale = 40 um; (55) head capsule of larva of Proszmulmm
alpestre Dorogostaisky, Rnbtsov & Vlasenko (venn'al), scale = ZO Hm; _‘ '

Abbreviations:' anepsr = aneplsternum ap anal proleg (postenor proleg); cx = .
coxa;d art = distal arncle hyp = hypostoma; kepst = kateplstemum k sulc = o
kateplsternal suclus, Ifb = labral fan base; m art = med1al arncle mps = multiporous ;
.peg sensilla; mvt = midventral tubercle; p art = proxunal arncle pclft= postgenal |

| - cleft; pl mem = pleural membrane th= necurved hook sp cb —'spme comb st mem"

" =sternal membrane th = terrmnal hook; ucs = uniporous cone sensillum.
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Flgures 56 63. (56) prothoracxc proleg of larva of Stmulzum decorum Walker (lateral) |
scale =40 pm; (57) abdon'unal segments 3 to 6 of. pupa of Proszmulzum formosum
Shewell (lateral), scale = 400 p.m (5 8) antenné of larva of Proszmulzum alpestre
Dorogostzusky Rubtsov & Vlasenko (lateral), scale = 100 p.n%,, (59) hypostomal
| teeth of l;.rva of Proszmulzum mz.xrum/ﬁucwn complex (vent:ral) scaJe 20 Hm;
(60) night maxlllary palpus of first instar larva of Proszmulzum mzxtum/fuscum |
complex (lateral), scale =5 um; (61) mouthparts of ﬁrst mstar larva of Prosimulium
: mz.xtum/fuscum complex (frontal), scale = 50 um (62) tarsomeres 1 and 2 of
hindleg of Simulium 1 6P. (lateral), scale 50 j.Lm (63) costa of female of § imulium

vittatum Zetterstedt complex (dorsal) scale 40 pm.

. Al)bre.viationS' 'a'ﬂp = aplcal frmge of lateral plate; apb@ anteromedJanpalatal
brush; clcp = ca101pala dart dJstalartlcle hmt = ha1r—11ke macrotnclna hyp =

| hypostoma hyp teeth = hypostomal‘ teeth'-lp lateral plate m art% . medial artlcle
mnd mandlble, mps multlporous peg sensilla; mx] = maxﬂla part= proxlmal
artmle plt—pleunte smt = spine-like macrotnchla tm tarsomere ts = trichoid

&)
sensﬂlum ucs = umporous cone sensﬂlum
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Taxa examined for characters used in analysis of primary evolutionary lineages of

: Simuliidla’e. Species names are provided for genus-group taxa with 5 or less species

ivallable for”Study Only the total number of spec1es examined is given for genus groups

with 6 or more. spec1es avaﬂable for study. Genera and subgenera l1sted here are essennally

those recogmzed by Crosskey (1981, 1987) except that Uroszmulzum ConUm is hsted asa

subgenus of Prosunuhnn13 -and Procnephta Crosskey and Paracnephza Rubtsov arc ranked

-~ (Y

as full genera of Su'nulum14

7

. Parasimulijnae

Parasimulium Malloch
Parasimulium s. str.
crosskeyi Peterson
stonei Peterson-

Simuliinae: Prosimuliini
Gymnopais Stone

10 species -
Levitnia Chubareva and Petrova

frezdbergz Beaucournu-Sagyez &Braverman ~

“Prosimulium Roubaud
- Distosimulium Peterson. -
 pleurale Malloch
. Helodon Enderlein
7 species

‘ e dym—

\

L

-

%‘

e

)éCrosske refem Uroszmulzum s ecies to the 'Proszmulzumsstr aculeatum Tou
P g p".

1“Crosskey ranks Procnephza nnd Paracnep/ua as suboenera of Proszmulzum s.lat.

T
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Parahelodon Peterson
decemarsiculatum (Twinn)
gibsoni (Twinn)
vernale Shewell

» Prosimulium s. str.
21 species

Uroszmulzum Contini®
aculeatun Rivosecchi

Twinnia Stone and Jamnback
hirticornis Wood
hydroides (Novik) o
nova (Dyar and Shannon) » o .
tibblesi (Dyar and Shannon)
-sedecimﬁstulata (Rubtsov)

Simuliinae: Simuliini

Araucnephia WygodzinskS' and Coscarén
.. montana (Philippi)
Austroszmullum Tonnoir
Novaustrosimulium Dumbleton 3
bancrofti (Taylor) .,. e
Cnephia Enderlein \ -
dacotensis _(Dyar and Shannon) -
Cnesia Enderlein |
i : dissimile (Edwards)
Crozena Davies \
crozetensis (Womersley) s
Ectemnia Enderlein ¥
P invenusta (Walker)
' \G ‘ taeniatifrons (Enderlein)

zgantodax Enderlein - .o
kuscheli (Wygodzmsky) i - . : N



4

reniera Doby and Davxd
. denarza (Davies, Petcron and Wood)
\»/Mayacnephza XVygodzmsky and Coscarén

b pachecolunat (Leon) ] -

| ste‘wariy(Coleman)
. 'species X)¢Currie, 1986
Metacnephia Crosskey .
" _pallipes (Fries) complex
saskatchewana (Shcde Fredeen)
N vzllosa (DeFoliart and Petcrson)
Paracnephza Rubtsov ’ . -

. muspratri (Freman and de Meillon)

Paraustrosimulium = S A

.anthracinum: (Bigot) :
s‘
Procnephia Crosskey .
- morotoense (McCrac and Prentmc)
rhodeszamtm (Crosske
v P f

. Stegopterna Endcrlem _

. . ' - 7

mutata (Malloch) complex
cytospecxes X', Madahar, 1969
Tlalocomyza Wygodz.msky and Diaz Njjera

~ revelata Wygodzinsky and Diaz Néjera
Simulium Latreille ‘ ‘
Byssodon Enderlein

¥

merxdzonale Rlley
Euszmulzum Roubabd
aureum Fries
baffinense Twinn
" canghicolum " (Dyar and Shannon) -
duplex Shewell and Fredeen
euryadmzmculum Davies

.
v

~

- Hearlea Vargas, Martinez Palacios and Diaz Né]era

canadense Hearle"
Hellichiella Rivosecchi and Cardinali
anatinum Wood‘_.

~
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nebulqswn .Currie and Adler .+
Nevermanma Enderlein - - '
 6species
, sParabyssodon Rubtsov.-
. " ansiens Rubtsov | ' )
 Psilopelmia Enderlein’ B
‘ biviparum Malloch = =
griseum Coquillett
* Psilozia Enderléin ‘,
o« ' argus Williston® .
‘ TN vittatum Zeiﬁerst’cdt‘
| Shewellomyia Peterson -
. ‘ Iongis;ylém Shewell
| Simulium s. str.

13 speciey - |

P

ho Y ‘_ Sty excisurh pa)vi_es, Peterson, and Wood .



2% 3 MONOPHYLY AND RELATIONSHIPS OF GENUS GROUP TA\fOF
PROSIMULIINI (DIPTERA SIMULIIDAE)

3.1 Synopsis - /
’ Elghty-one character states or character systems of larvae pupae and adults are
analyzed for ev1dence of monophyly and phylenc relanonships of g?nus group taxa of

A

,Pros1mulun1 The followmg monophyletlc genus groups are recogmzed based on 2 or

' .~'more hypothe51zed synapotyples e,ach Prosimulium Roubaud s.str. (66 specxes) Helodon .

)

: Enderlem s. str (13 spemes) Parahelodon Peterson ] spec1es) DlstOszmullum Peterson (’7 T

specxes), Uroszmulzum Contml (3 species), Levmma Chnbareva & Petrova (2 specnes),o
‘ Twmma Stone & J amnback (10 spccxes), and Gymnapazs Stone (12 specxes) Most ’
previous concepts of Proszmulzum s.str. and Helodon s. str are shown to con51st of non-
" monophyletlc assemblages of % spec1es Proslmulzum s.str. is hypothestzed to be the |
monoph»yletlc 51ster ta:xon of all other Prosimuliini. Three maJor lmeages are recogmzed :
w1thm th1s latter assemblage as follows 0] Helodon s. str (2) Parahelodon +
' Dzstoszmulzum 3) Uroszmulzum + Levm’rua + Twmma + Gymnopazs ‘Analysxs of
structural characters alone does not resolve relat10nsh1ps among theséthree clades. The
parually rresolved cladogram prov1des the information necessary to "root" 'published
) reconstructed cytologlcal transformatlon seneé ("cytophylogemes"), Wthh are. denved
o _:from unrooted hypothetrcal "standard sequences" (e.g. Rothfels 1979) The resulting

topology is used to test hypotheses about relatlonshlp, and to provide. éesolunon where

structural mformatlon alone has fatled Tlns combination of'%rphologlcal and cytdlogical -

information yields a reconstructed phylogeny, providing the basis for a reclassxftcanon of’
' Prosmulum The followmg system of genera and subgenera is adopted Proszmulzum
'Helodon :.laz. (including the subgenera Helodon s.str., Parahelodon and Dzstoszmulzum)

Uroszmulzum Levmma Twinnia, and Gymnopazs The nominate subgenera Parahelodon

<7
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~ group taxa of Prosunulnm are prov1ded

. . . L. R e

1]

Lo ' M . o
Co and Dtstosvnulium are relegatedm new staths from P;foszmulmm s.dat. to H;Iodon s.lat. A : Q

. -check hst of world spemes of Prosu'nulum is arranged accord.mg to the new classrﬁcatlop

n wnh 24 species relegated in new combmanon Keys to: larvae, pupae, and adults of genus-

RN
.\.\.'.

3.2 Introduction

R Resolutlon of the initial d1c:hotomy of Simuliinae! ha.s been one of the longest- |

‘ 'standmg problems facmg black-fly systematists. ‘The structural homogenelty of sunuluds

and the drfﬁculues 1n establishing apotypic and plesiotypic character states, hawe caused

some authors to abandon completely the ideaof a d1v151on based on phylogenetic

‘, relationships (e 8 Crosskey 1981 /1987) The resulting classrﬁcatlons divide Simuliinae
~ mto two more_or less equally sized tribes (vzz Pr051mulun1 and Srmulum) based on what

L s beheved to be a sufﬁc1ently large pheneuc gap between the two segregates In essence,

.

this d1v151on is between a well- defined monophyleuc assemblage (the large, cosmopohtan

A
genus Szmultum Latrellle 3. lat ),and a polyphyletxc assemblage co?hpnsmg all other genera

. of Sunulunae Although it is acknowledged that thS type of arrangemegt is untenable in a .

o phylogenetlc system Crosskey maintains that classifications are needed for every day

‘ pract1cal purposes and that phylogeny should not destablhze a comprorruse classification
which is based on convement", if unnatural groupings. This is the system presently .

followed by most wesérn European and North American black fly specialists.

-

Not all workers are sausfied thh the current state of black—ﬂy systematlcs As

~ indicated by Wygodszsky and Coscaron (1973), estabhshment of a comprehensrve

L‘K\“

lThe subfarmly Stmulunae is defmed in the preserit work as all black- ﬂy genera, exclusxve

of Paraszmulzum s.lat. Malloch ( Paras1mu11mae)



| cladrstrc system is fundamental to an understandmg of the drspersal andaevolunonary a
history of Sunuludae Wrth mcreasmg apphcatron of phylogenetlc techmques sensu
Henmg, and with the advent of cytotaxonorruc techmques asa coancmg phylogenenc
indicator (Rothfels- 1979 1981, 1987), relattonshxps among genera of Slmulunae have
become increasingly well understood. However, there have been very few attempts to
resolve the initial drchotormes of Simuliinae using: phylogenetrc techniques, and fewer still
to propose a supragenenc classrﬁcatron based on thrs hypothes1zed set of relauonshrps

" Rubtsov (1974), in his treanse on the evolution, phylogeny and cIassrﬁCatron of
Sunuludae 1dent1ﬁed three "monophyletxc" lineages-(as subfamilies) of Simuliinae,

@ﬂamely, the Gymnopardmae (Gymnopazs Twmma), the Prosxmuhmae (Proszmulzum
Helodon Uroszmulzum Gtganrodax Procnephra and Paracnephza), and th the Sunulunae
(all remaining genera, exclusrve of Paraszmulzum). He placed Gymnopardmae as the sister
taxon of the other two subfarmhes combined, assummg that the fanless condition in larvae .
of Gymnopaxs and Twmma 1s primitive. Unfortunately, most of Rubtsov's taxa are based -
on symplesiotypy, and can‘{not be upheld in a CladlSth system (qf chapter 2). Further his
notlons about relationship is colored by the ﬂl-founded conclusion that black flies are
derived from a chironomid ancestor' No convincing evidence has been adduced to sug‘gest

- sucha relanonshrp Nevertheless most Eastern European and Soviet specxahsts follow

Rubtsov' s-\éupragenenc classification. w

In the previous chapter I analyzed ten characters that suggested the followmg mmal
drchotomy 1in Sunulunae the tribe Prosrmulnm (consrstmg of the genus groups
| Proszmulzum Helodon Parahelodon Dzstoszmullum g):oszmulzum Levmma Twmnza
and Gymnopais), and thec tribe Srmulum (consrstmg of alléother genus groups of

‘ Srmulunae) Five synapotypres were prov1ded as evrdence of the monophyly of each of the

two tnbes Prosrmulum mcludes 123 nommal species, dlstnbuted throughout the Holarctrc
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. reg10n The general focus of this chggter is to estabhs-h]the monophyly of and

relanonshrps among, the yarious genus-groups of Prosimuliini.
Py . ) .
Phylogeneth studies have already been used to resolve s1stbr-group relauonshxps

‘ among some of the taxa mcluded in Prosimuliini, as deﬁned n chapter 2 For example,‘

Wood ( 1978) provrded convmcmg evrdence that the so-called fanless black fhes belongmg
to the genera Gymnopazs and Twinnia, are derived from a fully fanned Proszmulzum s. lat
ancestor Unifortunately, because of prevrous (and often drvergent) mterpretatrons about :

the’ lumts of Prosimuliini, relauonsmps among the majority of prosrmulune genus groups

_ | have yet to be sattsfactonly resolved. This fundamental lack of understandmg about

phylogenettc relatronshrps has resulted in greatly varied clasmﬁcatory schemes, n whrch a
parncular assemblage may be ranked as a distinct genus in one system, butasa specres— v
group: m another Such drfferences in opuuon w1ll exrst as long as taxonomic hrmts are -

defined solely on the basis of phenet:c deferences and sumlanues What might appear to

"bea subStanual structural drfference to one worker. may seem tnvral to another. A more
” umversally accepted classrﬁcaﬂon of Prosrmulum (and indeed of Slmuludae as a whole)

." can be achreved only through a better understandmg of phylogenetrc relatlonshlps

Not only are relatronsh:ps among the genus groups of Prosrmuhmr madequately

' understood, but several of these aggregates (at least as currently defined by most workers)
_consist of largely. non monophyleuc assemblages of specres Homoplasy is rampant

among black fhes and so convement structural "gaps" do not exist between all Imeages If

all characters are consrdered srrnultaneously when assrgmng a specres to.one supraspecrflc

-taxon or another, and if all these character states are given equal taxonormc werght (ie.

| w1thout regard for whether they are pnmmve or denved), then the prospect of assrgnmg a .

‘spec1es to the correct monophylenc taxon is greatly impeded. Prosimuliine species can

1mmed1ately be assigned to a correct genus group if orl(y synapotyples are considered.
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Recent advances in understanding of inter- and intra-famitial relationships have rendered
polarity decisions easier to make. - . "

N ' P

Cytologlcal ev1dence has provxded compellmg ev1dence about relatlonshlps among
seir‘eral of the genus groups referred to Prosunulum (Rothfels and Freemsn 1966, Rothfels
’ 1979) The teéhmque essentially tnvolves grduping species based on sequeritial
) rearrangements of chromosomes Rearrangements such as inversions and mterchanges are.
traced stepwise from a hypothetlc "standard" or central sequence-- prov1d1ng evidence of the
monophyly of. groups of spec1es derived from that standard The rationale for such 4
groupmgs is that complex rearrangements are the product of compounded successrve two-
break steps of unique ongm (Rothfels 1987) ﬁé resultmg cytolog1cal transformatlon
series ( cytophylogeny") 18 unrooted because the hypothetrcal standard sequence is-
| estabhshed not from outgroup companson but rather from 1ts centralrty ie.a composrte of
.the central arrangement in each chromosome arm. Hence. the standard sequerice should

- give rise to the largest possrble number of mdependantly denved hneages If one were able

to root such a u'ansfonnauon series using morphologlcal cnterra then the resultmg set of

'relatlonshlps can be used as d test agamst the:morphologically derived cladogram

Despite the potential for integrating both cytological and cladjstt'c techniques, there
have been no attempts to incorporate siich information into a comprehe\nsive classificatory
'.sy'Stem. ‘Resistance to this approach seems to stem 'from the fact that, although cytology
may be a powerful mdrcator of relationship, there are too may dlscrepenc1es with
conventional or phenetrc morphotaxonormc wisdom (Crosskey 1987). However, as will
bé shown later morphologlcal and cytologrcal transformatlon series may agree very closely

1nacladlstlc framework ) S v s

The specific Ob_]CCthCS of the present chapter are: (1) to estabhsh the monophyly of

each genus-group segregate of Prosunulum usmg morphologlcal (non cy Xlogxcal)



v . | ‘W . B
' charactcrs (2) to forward an uutlal mterpretanon about phylogenetic relationships among
: these lineages; (3) to supenmpose on the resultmg cladogram the cytolog1ca1 lransfoxmanon

. senes of Rothfcls (1979) to a) test relanonshlps suggested by morphologxcal characters

.+ alone, and b) help resolve relatlonsh1ps where morphological characters ne may have

'falled 4)to use the resulting clahgram as the basis for a reclasuﬁcatmn of the world

*

'spec1es of Prbmmulum
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3.3 Materials and Met_hods
'y

3.3 Materials = .

Taxa exammed for structural features of Prosunulum include representanves of all o
’ vahd genus- group segregates of the tnbe as defined in thc present work Proszmulzum |

oY Roubaud Helodon Enderlein, Parahelodon Peterson DzstoSzmultum Peterson

Uroszmulzum Conum Levztzma Chubareva & Petrova Twinnia Stone & J amnback and
Gymnopals Stone A total ot 44 of 123 specres referred to Prosxmulum were exammed

these are indicated by an astensk in Appendlx L Character—state distributions in all other

. Species were determmed as far as posmble from ongmal descnpuons and pubhshed -

ﬂlustrauons Matenal exarruned is mamly specimens in my own collection, and i in the .
Canadlan National Collection (CNC) Ottawa. Character-state dxstnbutlons in
Uroszmulzum aculeatum R1vosecch1 are based, in part, on specimens from the Brmsh
Museum (N atural History), London Character-state dlstrlbuttons of Levitinia frezdbergz
Beaucournu—Saguez & Braverman are based on matenal from the Labordtory of Apphed

Parasnology and Zoology, Faculty of Medicine, Rennes France. Spemmens of the

followmg species. were made ava11ab1e for study by the Zoologlcal Inst1tute Laboratory of

Parasnology, Academy of Smences Lenmgrad USSR Gymnopazs bifi stulatus Rubtsov
G. trifistulatus Rubtsoy, G_.llmdnerz _R_ubtsov, G. rubtzovi Bobr_ova, G. frontatus

Yankovsky, and Twinnia sedecimﬁstulatq (Rubtsov).

179 .
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3.3.2 °Specimen preparation and. illustra{ion N

Fxgures 28 - 34, and 37 41 are prepared from ethanol-preserved specimens
Methods used to handle and execute 'the dlustrahous have already been descnbed in chapter

2. Fxgures 10_ :-27‘are reproduced W1th perrmsswn from the' Manual of Nearctrc Dxptera
' '-»;Volume 1 (cf Peterson 1981) Cladograms and dlagrammattc representatlons of character _
: transformatrons are executed thh the aJd of a software program designed for a Macmtoshm

’ rmcrocomputer U

3.3.3  Classification

Six genera are included by me in the mbe Prosunuhml Proszmulzum Roubaud

Helodon Enderlem Uroszmulzum Contini, Levmnza Chubareva & Petrova Twmma Stone i )

& Jamnback and Gymnopa:s Stone Three subgenera are recogmzed in Helodon as
. follows Helodon S.str. ,.Parahelodon Peterson and Dzstoszmulzum Peterson No '
& .
clasmﬁcanon of Prosrmulnm so far proposed has this comb1nat10n or arrangement Q.f genus

B groups

The genera Levztzma Twmma and Gﬁnnopazs as defined in the present WOrk
reﬂect the concepts of most prevrous authors e. 8 Rubtsov 1964 ‘Wood 1978 Peterson |
'1981 Crosskey 1981. 1987 Chubareva and Petrova 1981; Beaucoumu Saguez and
Braverman 1987) My conccpt of the genus Proszmulzum is more restncted thhn the sense
used by most other authors (e g. Rubtsov 1956 1964; Crosskey 1987) correspondmg
more with the limits of Peterson s ( 1970) Proszmulzum S.SIr. 4Helodon s.latis here
deﬁned ina comparatwely broad sense, in accord with the opinion of Rothfels (1979) that

" the norrunal taxa Helodon S.Str. Parahelodon and Dtstoszmulzum are all denved '

cytologrcally from an 1mmed1ate common ancestor. The subgenus Hetodon s.str. is

§



defined more broadly than in the sense of Rubtsov (1956 1960 19'74), and more nan'owly

- thani in the sense of Crosskey (1987) correspond.mgmore with the lumts of Helodon S.Str.

. sensu Peterson (1970). Lumts of the subgenera Parahelodon and Dzstoszmulzum as
':defined in the present work, are the same as those suggested by prevrous authors (Peterson
1970 1981 Uemoto et al. 1976; Crosskey 1987) howcver these two taxa are consrdered '

. ;to be subgenera of Helodon s.lar., rather than Proszmultum s.lat. Specres belonging to the

1 £

nominal taxon Urosimuliuim have vanously been ranked at the level of genus by some
| workers (e.g. Contini 1963, R1vosecch1 1978, Rubtsov 1974) or as a mere- specres group.
of Proszmulzum s.str. by others (e.g. Rothfels 1979 Crosskey 1969 1987) Although the
exact relatronshlps of this hneage have yet to be ﬁrrnly estabhshed it is clear that |
- Uroszmulmm belongs toa monophyletrc assemblage of spec1es whose srster group is
: Proszmulzum s.ser. Until the relatronshlps of Uroszmulzum are more fully resolved I prefer
" to rank this taxon as a genus. Justification for the system adopted in the present work will

—

beglvenlater ‘ Lo
It is convenient at various points throughout the text to refer to partrcular ;

assemblages of genera. The term' fanless Prosrmulnm" refers to the genera Levmmd

Twmma and Gymnopazs whose larvae are dlstmgurshed by the absence of labral fans in

~ all instars. The term "farmed Prosrmulnm" refers to genera whose larvae are characterized

. by well-developed labral fans‘ in the second- through ultimate instars. .

¢ ~ '. . . ' \

| 3.3.4 , vT_e.rms

In thlS chapter I follow the general structural terms for Drptera as outlined by :

Teskey (1 981) For. structures that are unique (autapotyprc) for Srmuludae I have >

followed lar gely the terrns of Peterson (1970, 1981) Exceptions to th1s scheme and

ES



addmonal terms used for specrfic stuctures of the larval head and abdomen have been
om.hned in chapter 2, and wrll not be repeated here. ’

Both mtra— and extra—cellular characters are used to resolve' relanonshlps among
- genus-group taxa of Pros1mulum It is convenient to use the term "structural character” for "
non- chromosomal (non-cytologrcal) features Sumlarly, the term " structural synapotypy

refers to shared denved non- chromosomal characters

Cr 335 Phylogenetic methods

The monophyly of genus groups of Prosimuliini, and phylogenedc relationships
| among these hneages were determined: usmg phylogenetrc pnncrples sensu Henmg ' e
(1966). My general approach to systematrcs is outlined in c_ha;ier 2.

‘ Unhke the. character analysis of the second chapter, which prov1ded resolutron of _
the mmal two dlchotorrues of Simuliidae, I have not attempted to distinguish between |
different categones of synapotypy in th1s mvesngatwn of genus group relationships among
Prosnnuhlm Primary- and secondary synapotyples are distinguished on the basis of their -
relative reliability as phylogeneuc md1cators with the former being favored in phylogenetlc
. reconstructlon Primary synapotyples must be both i mnovauve and umque wrthm p
Srmuludae or be part of a functronal complex Further a prlmary synapotypy cannot Be

homoplastlc w1thm Cuhcomorpha The criteria for secondary synapotypies are not as

-~ strict, and. such features can exther be prov1ded only as support for hypotheses based on
primary characters or be mterpreted in v1ew of relatronshrps suggested by pnmary
characters. Such stnct criteria for assertmg synapotypy can be applied only to hlgher taxa
of subfamﬂy level and up (Smther 1986) All possrble synapotypies, 1ncludmg those that

,are homoplastlc in Slmuludae are considered in the present mvestlgatron Careful

-
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) "'mferencc is made to the immediate out-groups when homoplastrc characters are analyzed

to ensure that the correct polanty decnsxon is made :
: . o .
Structural synapotypies are used to form an mmal hypothe31s about the monophyly

and relatronshlps of Prosunuhmr genus groups. The resulting togology provrdes the basis .

by whlch the cytologrcal transformation series of Rothfels (1979 ﬁgs 2, 3 and 4) can bc

'rooted The rooted trans. ormation series is then used to fa151fy or support hypot.heSes of

relatronshrp based on structural characters alone and may also provide resoluuon where

a

structural characters alone have failed.

[N
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3.4 Monophyly, sistéi“-grohp relationship, and groundplan of lfl;Qsimuliini

P 4

Tribe Prosimuliini Enderlein
PROSIMULIINAE Enderlein, l921: "199 Type genuS' Prosimulium RouB%ud 1906. .
'HELLICHIINI Enderlein, 1925: 203, ‘Type genus: Hellichia Enderlem 1925.
GYMNOPAIDINAE Rubtzov, 1955: 329 330 Type genus: Gymnopazs Stone, 1949
' HELODONT INT Ono, 1982: 280 282. Type genus: Helodon Enderlein, 1921,
L v : :

.’ Diagnosis: Male and Female: Rs distinctly forked, forked portion conspicususly
longer than its petiolet C with uniformly-sized hair-like macrotn'chia only, yvlthout |
thickened or spiniform macrotrichia mterspersed among them. Calc1pala and pedlsulcus '

- absent. Male ventral plate of aedeagus typlca.lly with strap—hke gonnection between apex -

of anterolateral apodeme and paramere (paramere not connected to ventral plate in

' '__"':._Dtstoszmulzum Parahelodon and Lewuma)  paramegre, s1rnple apxcally, without accessory

o : ,Spmes Pupa: Abdormnal segments 4 and 5 w1th large ple)u‘al plates (pleuntes) laterally,

»-._ f-these separated fromr terga and sterna of same segments by paired longitudinal bands of
7 striate membrane (pleurite present only on segmerit 5 of Levztmza) segment 3 either without
pleural membrane (segment ring-like), or membrane in form of smgle narrow longltudmal
band, Larva: Antenna with proximal and medial arucles unplgmented contrasted w1th
black’ dlstal artlcle Hypostoma lacking paralateral teeth Anteromedlan palatal brush of
first-instar of scoop- shaped, fringed plates. Maxillary palpal sensilla of first-instar

' "subaplcally situated and in a linear conﬁguratmn

In chapter 2 I provxded 5 characters in suppo’;t of the monophyly of Prosrrnulum

o The tribe mcludes the following genus group taxa of Simuliidae: Proszmulzum Roubaud

184
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s.Str., Helodon.Enderlein s.str., Paraltelodon Petersdn, bistbsimulium Peterson
Urosimulium Contini Levitinia Chubareva & Petrova, Twinnia Stone & Jamnback and

' Cyﬁmopais Stone. Excluded fromProsunulnm are the nominal taxa Procnephia Crosskey
and Paracnephia Rubtsov, whtch have formerly been considered to be closely related to
Prosimulium (e.g. Rubtsov 1974 Crosskey 1969 1981, 1987). Ihave relegated these

two seg@gates, along with all remaining genus-groups ot_" Simuliinae, to Simuliini.

Pr051muh1n1 is placed as the sister taxon of Srmqum and this entlre assemblage 1s
placed as the sister taxon (Stmuhmae) of-Parasimulium s. Iat (Parasunulunae)

- Parasimuliinae is the plesiotypic out-group, and ~Sirnuliini is the apotypic out-group.

¢ Polarity decisions are made‘pr.imarily with respect to the ‘si‘ster-g'roup relationships Outlined.
above, Reference to other Cuhcomorpha is made when the direction of character polanty

remains. uncertain. - } /

Groundplan apotypies of Prosimuliini have been dlscussed in de% chapter 2.
Therefore, constitutive features are enumérated below with little further comment, other
" thana statement about the hypothesized pnrmuve state. These same num’bers appear on the

concludmg cladogram ({ig. 3).

Character 1. .
Pupal abdomen with large pleural plates (pleurites) on segments 4 and 5. — The

primitive state is pleurites inconspicuous, or-ﬁsent.

Character 2.
Larval antenna with proximal and medial arricles unpigmented, contrdsted with
black distal amcle — The prumtlve state is basal 2 artlcles w1th a least some. plgmentanon

not contrasted sharply with color of dJstal article.
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cﬁmc'ter3 - S o o
‘_/ Larval hypostoma laclang paralatera] teeth: — The hypostomae of all other

Simuliidae larvae possess one or 1ore paralateral teeth whlch is considered pnmmve

Character 4.
Anteromedian palatal brush of. ﬁrst-mstar larva conszsnng of scoop-shaped, fringed
- plates — The pnmmvc state is antcromedlan palatal brush of first-instar larvae of sunplc

hairs.

| Characier 5.

Malelary palpal senszlla of. ﬁrst—mstar larva subapzcally sztuated andina lmear
- configuration. — 'I'he maxﬂlary palpal sensﬂla are prlmmvely arrangcd in a circular fas}uon

on the apcx of the palp.

)m ) »~
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-~ 3.5 Keys to genus groups of Prosimuliini of the world

¢

3.5.1 .Key to females of Prosimuliini .

- l. Hypogynlal valve relatwely long and narrowly rounded or pomted apxcally, extended

; postenorly to level of anal lobe, or beyond (giving abdomen a pomted appearance

'\, posteriorly); anteromedial corner of.each yalve procluced nipplejl_ike: Spermatheca with -
large differentiated area at junction with’ spermathecal dnet (ﬁglO) | |

L N e et feeerrieaas Prosirr_iulium Roubaud

— Hypogynial valve relatively short and truncated apically, not extended posteriorly to
| level of anal lobe (giﬁng_abdomen a truncated appearance posteriorly); anteromedial

~ corner of each valve not-produced nipple-like, Speﬁniftheca variable (figs. 11-15)....2 o

2. Tarsal claw sunple or at most wnh small mconspxcuous basal or subbasal tooth (ﬁg e

26). Posteromedml margm of compound eye W1th a dlStlIlCt shiny, raised, stemma{ B
bulla (flg. 23). Antenna w.nh 7 (rarely 8) flagellomeres. e e 3

¢

— Tarsal claw with variously'sized, but conspicuous, basal or subbasal tooth (fig. 27).
’ .

4

Posterornedial margin of compound eye withOut a dis'tinct stemmatic bulla (a suggestion,
. of a bulla may be present in certam species of Helodon S.Str. ) Antenna typlcally with

9 (rarely 7 ar 8) flagellomeresl e, ':\. e, e e 4

3

1 Adults of Helodon (Parahelodon) decemarnculatus have an 8 articled ﬂagellum and adults

Helodon (Parahelodon) gzbsom have a 7- artlcled ﬂagellum

E - 187
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" 3, General vesttture of sparse, &hort, erect setac. Clypeus bare except few erect setae
laterally (ﬁg 23). Postnotum small and markedly arched, typically with distinct
median longltudmal ndge (fig. 25) Meseplmeron with vestiture (= mesepune;a'fl) tuft)
confined to dorsal part of sclente above level of metathoracic spiracle (fig 24). Wing
membrane srnoky brown or grey (nearly opaque in some specunens), and shghtly |
wnnlded pet101e of M1+2 elongate about half as long as petlole of Rs (cf. fig. 20,
Chapter 2). TerrnmaJ .plate of genital foik not connected directly to tergum 9. ‘
. Spermatheca strongly scleronzed Joined to spermathecal duct by short or long neck.
Anal lobe and cercus fused into a smgle, solid sclerite (fig. 15). ..... Gymnopais Stone
— General vestxture of dense covenng of recumbent setae (pile). Clypeus-covered with
setae. Posmotum larger, evenly arched, W1thout medlan longitudinal ridge. : .
,Mesepuneron w1th vesuture more extenswe extended»ventrally' to area below le\;ei of
"metathoracic spiracle. Wing membrane hyahne and comparauvely smooth; petiole of
M,z short much less that half as long as petlole of Rs. Termmal plate of genital fork
connected dmectly to tergum 9. Spermatheca relatlvely shghﬂy sclerotized and
mushroom shaped, w1th a large area of differentiated membrﬁne at Junctlon with
spermathecal duct. Anal lobe and cercus distinctly separated by membrane (fig. 14)

e e eeeeeeean. TwmrzzaStone&Jamnback

4. Terglte 9 elongated and sh1e1d—hke apically, projecting postenorly well beyond apex of -

cercus» Spermatheca wider than long and mushroom shaped w1th large area of

dlfferentlated membrane at Juncnon with spermathecal duct (e.g.fig. 14)

- Spermatheca as long or longer than wide and not mushroom shaped; either in form of a
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markedly enlarged, delicate, unpxgmented bag (fig. 13’) or with (at most) a small

cu-cular area, of d.tfferenuated membrane at junction with spermathecal duct (fig. 11)...

. Cercus elongate (mue‘:ﬁ%longer than wide), tapered apically to fine point.

e “) ................ e, et et e, Urosimulium Contini

-2

Cercus short (much wider than long), broadly rounded or truncated apically (ﬁgs. 11-

13). e S e, Helodon s.lat. Enderlein. ... 6

. Arm of gemtal fork terminating in a greatly pronouncecf terminal plate that bears a patch
of setae. Spermatheca a greatly enlarged, thin, dehcate unplgmented bag (fig. 13).

BT T e Helodon(DzstoszmulzumPetersori)

- Arm of genital fork termmated ina vanously sized termmal plate w1thout patch of
setae. Spennatheca relatwely small and variously plgmented if spermatheca lightly

| pxgmented then w1th a distinct reticulate pattexﬁigs 11-12). ... L 7

. | Arm of genitai fork relatively slender, terminated in. p',ron’ouced‘ Wrinkﬁ:d,br ;ienticulate
" terminal plate Spermatheca semicircular to pear-shaped, he,vily scle't’jovyized, smooth
(fig. 12). LTI TIPSR PRPPRY vvvieeen.. Helodon (Parahéibdon Peterson)
m of genital fork relatively w1de gradually expanded dlstally mto pldte not wrmkled
' or dennculate butinstead densely sclerouzed and w1th acutely pomted posteromedlallyl. L
directed, “process. Spermatheca typically elongate llghtly sclerotlzed if somewhat
_'ro‘und } then spermatheca with a dlStht ret1cu1ate pattern (fig. 11). +

e e ‘.........;..;....................’....l.Helodo_n(Helodon,Enderlein)



3.52 Key to males of Prosimuliini

1. Posteromedial margm of comipound eye with a dlstmct shiny, ra1sed, stemmauc bulla

(fig. 23). Antenna conS1st1ng of 7 (rarely 8) ﬂagellomeres e 2 -‘.

— Posteromedxal margm of compound eye w1thout a distinct stemmatic bulla (a
suggesuon of a bulla may be present in certain spemes of Helodon s.str.). Antenna

typically cons1st1ng of 9 (rarely / or 8) flagellomeres2 ............. 3,’» '

2. General vestiture of sparse, short, erect setae. Clypeus bare except few erect setac

' laterally (fig. 23) Postnotum small and markedly arched, typxcally with dlStll’lCt -
medran longltudmal ndge (fig: 25) Meseplmeron with vestiture confmed to dorsal part |
of sclente above level of metathoracic spiracle (ﬂg 24). ng membrane smoky -
brown or grey (nearly opaque in some specimens), and slightly wrmkled petlole of '3‘ '
M, ., elongate, about half as long as petlole of Rs (cf. ﬁg 20, chapter 2) Body of
ventral plate of aedeagus not markedly emargmated laterally near base of anterolateral
apodeme Gonostylus’ slender tapered postenorly to fme pomt, w1ih two or more
minute aplcal setae easily resolved under magmficanon w1th dlssectmg rmcroscope (fig

oy

| 22). i, PR B iy i Gymnopazs Stone

— égnemljvesnture of dense covermg of recumbent setae (p11e) Clypeus covered thh -
.. setae. Posmotum larger evenly arched wrthout medlan longltudmal ndge
"Mesepuneron with vestiture more extenswe extended ventrally to area below level of

metathoracic spiracle. Wing membrane hyahne and comparatively smooth; petiole of -

TN
P
S

wesA dults of Helodon (Parahelodon) decemartzculatus have an 8 articled ﬂagellum and adults
Helodon (Parahelodon) gzbsoru have a 7-art1cled ﬂagellum
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'M'1+2 short, much less that-hhlﬂas long as petiole of Rs. Body of ventral plate of
aedeagus markedly emargmate laterally near base of anterolateral apodeme. Gonostylus
more robust, tapered posteriorly to broadly rounded point, w1th a smgle (rarely two)
aplcal seta easﬂy resolved under magmﬁcatlon with a dlssectmg rmcroscope (fig. 21).

el i eeeenes e e e Twinnia Stone & Jamnback

3. Ventral piate of aedeagus ‘with anteromedial margin produced dome-hke prOJectmo
antenorly nearly as far as apex of anterolateral apodeme Paramere in the form of a

' narrow sclerot12ed bar that is intimately fused to gonocoxal apodeme

. . N . \ ‘
el ettt et ettt rrae e, eereieaes s L evitinia Chubareva & Petrova

— Ventral plate of aedeagus with anteromedlal margm exther not markedly produced .
'antenorly (ie not produced antenorly nearly as far as apex of anterolateral apodeme)
(ﬁgs 16-17), or produced as elongate, digiform, process prolected anterlorly far
2 ibeyond apex of anterolateral apodeme (fig 18): Paramere better developed than above

(elther plate- or spme hke) typlcally connected to gonocoxal apodeme by slender arrn3

................. 4
&)

4. ‘..Gonos'tylus with accessory lobe laterally at base. ................... Urosimulium Contini-

— Gonostylus simple, without acees'sory lobe laterally at base (figs. 16-22). ....ooooo.... 5

3'Males of Parahelodon have the paramere fused along its.entire base w1th the gonocoxal

apodeme howe\(er the connection between these two structures is.not as strong as it xs m

' males of Levitinia. ) ’ _ o v

s -
- .




:ﬁ.’,‘f s ‘192

. v £y

5. Ventral plate of aedeagus not nouceably compressed orﬂattened dorsoventrally, aprcal
\margm with promment ventrally dlrected lip or emargmanon (fig. 16)

e Prosimulium Roubaud-—___

A
. bk

— Ventral plate of aedeagus compressed or ﬂattened dorsoventrally, apacal margin w1th

at most short, ventrally directed lip, or none (ﬁgs 17-18, 20-22). , ‘Ba

................................................ “eeeresiiinnen.... Helodon s.lat. Enderlein. 6

. 6. Ventral plate of aedeagus H-shaped, deeply cleft apxcally and wnh, anterolateral
apodemes relatxvely‘ long. Median sclente prolonged aplcally, prOJected postenorly and
: venlrally well beyond posterior margin of ventral plate Gonostylus wrth aplcal half
markedly narrower than proximal half, tapered aplcally to fine point (fig, 20). Flexmg
~ action of gonostylus in dorsoventral plane. Paramere in form of dorsomntrally curved
spine- hke slructure apposed aplcally with the tip of the gonostylus (ﬁg 19).
| e ...... e e, Helodon (Dzstoszmulllgm Peterson) |
— Ventral plate of aedeagus neither deeply cleft aplcally, nor H—shaped Medlan sclerite
not produced aplcally beyond postenor margm of ventral plate. Gonostylus evenly
tapered from base to apex terrmnated in narrowly- to broadly rounded point. Flexm g
'acnon of gonostylus more in lateromedlal plane. Paramere not in form of ‘ -
- dorsoventrally curved sp1ne -like structure that is apposed aplcally w1th tip of
"vvgonostylus (figs. 17-18). ......occoivinnin, . [P STIR T
-7. Ventral plate of aedeagus with nglform dorsomedral projection basally, to Wthh base
| of medran sclente 1s fused. Anterolateral apodeme short, pomted, slender Medlan

sclente not Y- -shaped aplcally, arms. closely approxunated to each other as a smgle

i ' o ' 4 o

.AQ&'
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sohd structure Paramere not connected to anterolateral apodeme by strap-hke
: connecnon Gonostylus with a smglc ap1ca1 seta (fig. 18).
o e e e e Helodon(ParaVzelodonPeterson)
: . - ’ N .

— Ventral plate of aedeagus w1thout d1g1form dorsomedial prOJecuon basally, base of
ventral plate erther simple dorsomed1a11y, or W1th at most a short rounded prolectron —

< to wh1ch base of median sclerite is fused. Anterolateral apodeme longer and broader
Median sclerite drstmctly Y- shaped aplcally, the arms well scparatcd from each other.
Paramere connected to anterolateral apodeme by strap—hke connection. Gonostylus

-’

w1th 2 .or more aplc{setae (fig. 17) ....................... Helodon (Helodon Enderlem)

3.5.3 Key to pupae of Prosimuliini

1. Abdominal terga 4 to 8 each without anterior row of closely set,'posteriorly directed,

spines (= spine combs); terga 3 and 4 each with three or fewer pairs of recurved hooks
(figs. 7c, 7d). Abdommal segment 3 ring-like, pleunte fused to adjacent tergum and

sternum (figs. 6c, 6d) ................ e, e ......... '...2

?

“

— Abdormnal terga 6t09at least each with antenor row of closely set, postenorly |
d1rected spmes (= spme combs); terga 3 and 4 each with 4 pairs of recurved hooks
(fig. 7a, 7b). Abdommal segment 3 either with pleunte dxstmctly separated from
adjaccnt tergum (membranous band narrow, longltudmally stnated) (flg 6a), or w1th

Y

j pleunte absent (tract ¥ striate membrane between tcrgum aﬁ}d sternum w1de) (ﬁg 6b).
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2 Abdommal sterna 3 and 4 each thhout recurved hooks sterna 5 to 7 each with only’ 1
or 2 pairs of recurved hooks (fig 8b). Abdonunal terga 3 and {1 each with 3 pairs of
- :markedly developed recurved hooks (fig. 7b) Abdorrunal segment 4 with pleurite
separated from adjacent tergum and sternum by narrow, longltudmally striated,
a membranous band (ﬁg 6¢). Gill of 16 filaments from 2 or 3 main trunks (fig. 29)
Cocoon in the form of shmy envelope, all of pupa and larval exuv1ae enclosed.

T TR A Teveenn TwmmaStone&Jamnback

R Abdommal stemum 3 w1th or without recurved hooks sterna 4 to 7 each with 2 to 5

pairs of recurved hooks (ﬂg 8c) Abdonunal terga 3 and 4 (and on segment 5 of some -
. specunens) each W1th only 1- 3 paJrs of fine recurved hooks (fig. 7c). Abdominal

| segment 4 with pleurite not clearly drfferenttated from adjacent tergum, and only

shghtly differentiated from adjacent sternum (fig. 6d). Gill of maximum of 6 ﬁlaments

(ﬁg 28). Cocoon in form of a small ventral pad nakedpupa attached by ventral

abdommalhooks ........ e e e e Gymnopazs Stone

3. Abdormnal terga 4 and 5 each without antenor row of posterlorly dtrected spines (=
spme combs) (ﬁg 7b) Abdommal segments 3 and 4 each W1thout pleunte -the tergum
and sternum of those segments separated by wide tract of longltudmally striated

. .membrane (f“g 6b). t.e....... Levitinia Chubareva '&,Petrova e

— Abdominal terga 4 and 5 each w1th anterior ; row of postenorly dtrected spines (= spme
combs) (ﬁg 7a) Abdonunal segments 3 and 4 each wrth large pleunte pleurite of |
’ segment 3 fused w1th adjacent stemum but dlstmctly separated from adjacent tergum ;7
:.;_py nan'ow, long1tud1nally stnated, membranous band; pleunte of segment 4 clearly
xsolate X separated from adjacent tergum and sternum by narrow, longxtudmally

striated, membranous band (ﬁg 62). ool e Proszmulzum Roubaud ,\
K . . ’ ‘Q
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Urosimulium Contini L
| Helodon (Helodon Enderlein)
- | ' Helodon (Parahelodon Peterson)

Helodon (Distosimulium Peterson)

3.5.4 Key to larvae of Prosimuliini _(final instar)

1. Labral fans absent. Head capsule withlateral margins‘markedly convex in dorsal view,
tapered anteriorly to conical labrum, Iatter terminated in a markedly pronouced palatal
brush Postgenal cleft rudrmentary (flgs 30-31). Anal sclente'Y shaped (ﬁo qd) or
1nverted star-shaped of 5 radiating arms of approxunately equal length (fig: 9c). ..... 2

— Labral fans present (may be adducted, but with bases obvious). Head capsule W1th

lateral margms less convex in dorsal view. Postgenal cleft clearly developed (ﬁgs 32-
34). Anal sclerite X- shaped (ﬁg 9a) or subrectangular -shaped (the anterodorsal and
. posteroventral arms being reduced in length); if anal sclente of 5 radiating arms, then

~ posteromedial arm appeanng consplcuously shorter than others (fig. 9b). ............. 4

2. Antenna with basal two articles pigmented. Hypostoma with lateral serrations in form
 of sp1n1form setae. Anal sclente mverted star shaped of 5 radxatmg arms (fig. 9c).

....... ' ..'...............,..........'.....:_.....-,..,.......‘.............LevmmaChubareva&Petrova

= _Antenna with basal two articles colorless (figs. 30-31). Hypostoma with lateral
 serrations in form of narrowly rounded denticulations. Anal sclerite“»Y-shaped (fig..

9d).

.................-...-........-.............-....-........-.............--......-.. ..........
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Cephahc apotome w1th median spots extended antenorly to point below postcnor-mos't o

eyespot. I.abrum w1th lateral margins each with promment bulge (ﬁg 31) Mandlble
w1th 10 Or more rows of spine- hke scales on anteroventral surface (ﬁg 36)

4

L0 Gymnopazs Stone -

.........................................................................

— Cephahc apotome with medsan spots extended anteriorly to level of antenor—most

eyespot. Labrum w1th lateral margms without a prominent bulge (fig. 30). Mandlble

' w1thout numerous rows of spme -like scales on antcréventral surface; thh atmost, a

e . few spine-like setae lmmedlately basad of apxcal mandibular (ﬁg 35).

........ Twmma Stone&Jamnback .

4. /Prothoracxc proleg w1th lateral plate in foxm of narrow bar parallel to base of hooks,

~-“extended at most one- th1rd the dlstance to base of apical. artlcle (fig. 40)
5

S

— Prothorac1c prolcg with lateral plate better developed than above, extended one-half or .

" more distance to base of ap1ca1 art1cle (ﬁg 41). el RPN Prosimulium Roubaud

5 Antenna with basal two artlcles colorless (figs. 32-34). Anal sclente w1thout short

postenorly dmected process from area between the posteroventral arms (ﬁg 9a).

e, st Helodonslat Enderlem 6

- Anterina with basal two articles pigmented. Anal sclerite with short, paosteriorly- )

directed process or arm from area betWeer;-the posteroventral arms (fig. 9b).

-

................ ,......_.--.‘..................-......--...-..c.-.-......

vrevion. Urosimulium Contini

- . '
- e el
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6 Hypostoma with apex of rned1an tooth at about same level as, or postenor to, those of
postenor-most sublateral and lateral teeth (ﬁgs 38- 39). Postgenal cleft inverted U-'or

mverted V-shaped (ﬁgs 32, 34) S PO e e e, 7 .

— Hypostoma with apex of median tooth dtstmctly antenor to that of posterior- most
| ‘'sublateral tooth and at about the same level of or extended antenorly beyond apex of
latéral tooth (ﬁg 37). Postgenal cleft biarctate, or subrectangular with faint antenor

margln (fig. 33). .o ORI .... Helodon (Helodon Enderlein)

7. Hypostoma with aplces of teeth extended Erogresswely more anteriorly from: lateral
tooth to mner-most sublateral tooth, anterior margin of hypostoma convex in form (ﬁcr '
39). Cephalic apotome with spots surrounded by dark brown ptgmented area, |
contrastmg sharply with lighter yellovvlsh color antenorly Postgenal cleft relatively
broad and deep, extended antenorly ‘nearly one-half dlstance from posterior tentorial . -

plfs to hypostomal groov_e (flg._ _',32,);’*.'...........' ...... Helodon (Distosimulium PeterSon)

— Hypostoma with apices of teeth ei;her extended progressively more poster}orly from -
lateral tooth to mner—most sublateral tooth, or apxces of lateral and sublateral teeth
extended antenorly to about same level anterior margm of hypostoma concave or *flat
(fig. 38). Cephahc apotome with spots surrounded by a hghtly pigmented area, not
contrasted sharply w1th browmsh color antenorly Postgenal cleft relatwely narrow

and shallow extended antenorly no farther than about one-third distance from postenor"

tentorial pits to hypostomal groove (fig. 34). ........... Helodon (Parahelodon Peterson)
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3.6 Monophyly of genus-group taxa of Prosimul'ii,n.i'.

'3.6.1 Ger_ms P.rost_'mulitzm Roubaud

PROSIMULIUM ROUBAUD 1906: 521. Type spec1es Simulia hirtipes Frles by
~ subsequent dcmgnatlon of Malloch 1914, Techmcal Series. Umted States
Department of Agrtculture Bureau of Entomology 26: 16 ‘

AJA HELLICHIA ENDERLEIN 1925 203. Type specxes Helltchza Iatzfrons Enderlem 1925

by orlgmal demgnamon

o TAENIOPTERNA Enderlein, 1925 203 Type specws Melusina macropyga Lundstrom

1911, by original de31gnat10n
* MALLOCHELLA Enderlem 1930: 91. Type spec1es Mallochella szbzrzca Enderlem 1930"
' [—Szmulza hzrtzpes Fries, 1824] by ongmal de51gnat10n J unior homonym :
preoccupled by Mallochella Duda, 1925. .
MALLOCHIANELLA Vargas & Dlaz Néjera 1948 67. Replacerhent name f(\r ;
Malloc&zella Enderlein, 1930, preoccupled | |

-The genus Prosimulium Roubaud is the largest segregate of the tribe Prosimuljini,
compnsmg no fewer than 66 valid species (Appendrx 1). Its members are dlstnbuted
- throughout the Holarctlc region, mcludmg the most northerly (Bj Jornoya) and southerly

(Morocco) records of the tnbe ‘ -

( 1956 1974) and Crosskey (1987) (as subgenus) and corresponds more clbsely with the
one used by Peterson (1970) for the North American spemes of Prosimulium 5. str. The

first two mentioned authors refer to Proszmulzum a number of species that have a well-

198

The genenc concept used here is rather miore narrow than those favored by Rubtsov'




N developed basal or subbasal tooth on the female tarsal claw wh1ch as w111 be dlscussed

: lgter is consrdered to be a groundplan apotypy of Prosunulum exclusrve of Proszmultum A
Further prosunulunes with a toothed female claw lack any of the 4 synapotyples used to
- define Proszmulzum (see below) Hence, itis clear that most prevrous concepts of

Prosxmulzum are non- monophylehc and cannot be accepted in a cladtsuc system

Cytologrcally there are ﬁve major groups of ProszmuIzum specres (ROthfels 1979):
(1) the Palaearchc P. hzmpes group ("Ct"), (2) the Nearctic P. mixtum group ("HIL l")
l (3) the western Nearctic P esselbaughz group ("lIlL 2"), (4) the Nearctrc P magnum .
group ("IIIS 3"), and 5) the northern Holarctic P macropyga/ursmum group This 1ast-
' mentroned group is the only one that does not have a distinctive cytologlcal marker The 4. :
phylogenenc relatronshlps among these’ flve groups has not as yet begn saufactorlly
resolved, elther cytologlcally or cladrsucally A sahsfactory arrangement of named specres

: groups wrthrn Prosimulium must therefore await further study

Species assigned to. Proszmulzum based on purely cytological grounds (Rothfels
1979) closely reﬂects the arrangement proposed here, based on external structural
characters. The only exception is the placement of Uroszmulzum stefanu Contini (= U.
aculearum Rivosecchj), whrch Rothfels suggests rrught belong to the Palaearchc P. hlrtlpes
" group. Urosxmulzum specres share none of the synapotyples hsted below for Proszmulzum
and instead have the single const1tut1ve feature listed for Prosimuliini, exclusive of
Prosimulium (viz. presence of a distinct basal or subbasal tooth on the female tarsal claw).
_ Rothfels de not provide any justification for his placement of U. stefamz in Prosimulium,
although it would seem that his decision was based on the chromosome map published by
Frizzi et al. (1970). P. H. Adler (personal communication) was unable to f‘ nd convmcmg
evidence about the relationships of U. ‘ftefanu based on hJS exarrunauon of thxs same map.
Evrdence p.esented later will show that Urosimulium is more hkely the sister taxon of the

fanless prosiinuliines (Levitinia, Twinnia, and Gymnopais).

&
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Ecologlcally, members of Proszmulzum are the most dlverse prosunuhme g\enus
group The unnmture stages live in a vwde vanety of runmng—water habitats: from tmy »
headwater spnngs to large rivers; and from food-nch lake outﬂovi)s to ohgotrophic alpine

A streams. Adult females pnmanly blodd-feed upon mammals althéugh several nbrthem

species possess weakly developed mouthparts and are therefore presumed to be

autogenous (e. 8. Proszmulzum neomacropyga Peterson).

’ : o~ .
. . ' ‘

t.

- Monophyly of the gen_us Prosimulium ,Roubaud.

-

, Character 6.

Hypogymal valves long, with anteromedzal corner produced nipple- lzke —

Females of Proszmulzum s.str. are dlstxngulshed from all other Pr051mulun1 females by the
~ form of the hypogymal valves. 'Ilhese paired processes Wthh arise from near the,

| posterior margin of the hypogymum (= sternum 8), may be homologoustvxth the antermr h
gonapophysis of the orthoptero1d ov1p051tor (McAlpme 1981) In Proszmulzum these
valves are relatlvely long and narrowly rounded or pomted aplcally, and project postenorly
to the level of the anal lobe.(= sternum 10), or beyond (fig. 10). This arrangement gtvesi
the female abdomen a rather pointed appearance terminally. Another dlsuncuve feature is
: that the anteromedlal corner of each valve is produced nipple-like. In other Prosunulum the
~ Valves are markedly shorter and more truncated posteriorly, and they do not prOJect

- posteriorly as far as the anal lobes (figs. 11- 15) The consequence of this arrangement is

‘an abdomen that is rather more blunt apically. Further the anteromedial corner of each

. valveis not produced mpple hke and instead appears rather truncated The: condltton in

Prosimuliini excluswe of Prosimulium is also charactensuc of Paraszmulzum and most

Simuliini, and must therefore be considered primitive (0). Exammation of out-group

famﬂles (Thaumaleidae, Ceratopogomdae Chtrononudae) corroborates thxs conclusion. .-

&




The denved coﬂdnon as found in Proszmuhum (l)%?é also ev1dent il some distantly - w

related Srrnulum (e.g. Szmulzum subgenus Hemzcnetha) ‘but tlus is undoubtedly an

1ndependent1y derived condmon ‘as Judged from other characters

Character 7.

Spermatheca with large dtﬂrerennated area at Junctzon with spermathecal duct.
" The spermatheca is a highly varied structure m Simuliidae, and has been used as a
" 'definitive- character at various taxonormc levels (e.g. Peterson 1970; Wygodzmsky and
Coscarén 1973). However, thc pattem of vanatlon is extremely cornplex and much of thrs
comple)ﬁty is undoubtedly owmg to parallelisms or reversals. This i is true even wrthm
Prosunulum where no arrangernent can be constructed that completely ehmmaté's
N homoplasy. Conclusmns about the direction of character evolution must therefore be ‘rnade
with caution. Based on out-group comparison with other Culicomorpha, it is clear that the -
groundplan for Simuliidae is for the spermatheca to be either complete basally (i.e. with no 2
: drfferentlated membranous area at junction wrth sperrnathecal duct) or to have only a small
rounded area of drfferentlated mernbrane at the junction of the spermathecal duct. (0) Such -
a condition is found in Paraszmulzum and many Simuliini. In Prosrmulum the pmmnve
vcondrtron is charactenstlc of Helodon s.str.} Urosimulium, Parahelodon and Gymnopgis -
(figs. 11, 12, 15). A spermatheca wrth a lar_ge_drfferentrated circular area at the junction ;
with the sperrnathecal duct must therefore bc derived and can be taken as evidence of the
monophyly of Prosimulium (1). The only other Prosimuliini wrth a smular condition are
Levitinia and Twmnza (flg E‘ﬂj however thls 1S probably an mdependently derived

feature as judged from other characters.

Character 8. . ' ' : -

- Ventral plate of aedeagus not flattened dorsoventrally, with a prominent lip or

emaﬁglanion apicoventrally. — Wood and Borkent (1982) suggested homologies between

e -
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'the ventral plate of male S1muh1dae and vanously named structures of other male »
- Cuhcomorpha. Ceratopogomdae and the Ch1ronormd genus Buchonomyza Fittkau are the
" ‘only Cuhcomorpha that have structures readily recogmzable as vertral plates and so
" conclusions about the basm plan in Simuliidae are based on out-group companson with
these taxa. The ventral plate is a mangular or sub- tnanguIar structure that arises from the |
ventral wall of the aedeagus it is sxtuated between and dorsal to, the gonopods Dunng
| copulation the ventral plate hfts the anal lobes (= sternum 10) away from the female genital .
| - | opemng, and enla_rges the genital chamber to receive the spermatophore (Pomerantzew(_k
1932, Wood 1978). Primitively the ventral plate is inferred to be rather flattened )
-. doxsoventrally, such as in Ceratopogomdae Buchonomyta and Paraszmulzum 0). In - ?
Proszmulzum there is a pronounced lip or emargmatlon aptcoventrally, which gives the @
ventral plate a dlStlIlCthC tnangular appearance in terminal view (1) (fig. 16). No other |
- prosimuliine has such a pronounced lip on the ventral plate (figs. 17-22). Certam species
of Helodon s.s1r. have a very short hp, but I have mterpreted this as an mdependent
mod1ﬁcat10n of the basic plan In Slmuhm1 the form of the ventral plate is extremely
’vaned, and any sumlanty W1th the ventral plate of Prosimulium must be attributed to
parallelism. A flattened ventral plate 1s probably also i in, the groundplan of Slmulum as’
inferred from the ocg;urrence of that state in some of the most plesietypic hneages of that
tnbe (e.g. Procnephza ‘Paracnephia, and Mayacnephia). Peterson (1970) drew attention _{‘o
another distinctive feature of Proszmuhum which is a dorsal concavity near the base of the
ventral plate.. ThlS too, is a possible synapotypy of Proszmulzum but I am unable to draw

any definite conclusrons about thé polarity of this character from out—group famrhes No -

such concav1ty is evident in Parasimulium nor any other Prosunulum
]
Character 9. .
Lateral plate of prothoracic proleg broad, with vertical portion Well developed. -

As discussed under character 51 of chapter 2; the lateral plate of the prothoracic proleg is -

0y



' 1nterpreted as a groundplan apotypy of Sxmulunae Peterson (1970) recogmzed 2 character
’ states of the lateral plate in his revision of the Proszmulzum s. lat of Canada and Alaska ‘
one, in which the plate is in the forrn afa narrow sclerotrzed, horizontal bar w1th lm.le or ~
no mdrcatron of verucal develOpment and another in whlch the plate 1s a broader structure
with pronouncecl vertical development. Out-group companson with members of Srmulnm
indicates that the 'ﬁrst mentioned cqndition is plesiotypic for Prostmuliini (0). This is the
condition in Prosimuliini, exclusive of Proszmulzum s.str. (fig. 40). A broad lateral plate
with pronouced vertical development must therefore be denved and can be taken as

" evidence of the monophyly of Prosimulium (1) (f1g 41).

N

3.6.2 Subgenus Helodon (Helodon Enderlein, 1921).

X N
ke I
—

HELODON Enderlern 1921 199. Type spemes Simulia ferrugmea Wahlberg, 1844, by

ongmal de31gnat10n _ ,
HAIMOPHAGA Rubtsov, 1977: 49 (as subgenus of Ahazmophaga) Tﬁe species:
" Prosimulium multicaulis Popov 1968 (Parazxtologrya 2: 444) by original
designation. -
AHAIMOPHAGA Chubareva & Rubtsov in Chubareva 1978 42. Type species:
PJoszmulzum alpestre Dorogostalsky Rubtzov & Vlasenko, 1935 by ongmal

designation,. ] .

He’lodon s.str. is the second largest aggregate of Prosimuliini, compnsmg no fewer

that 18 valid spec1es (Appendix l) Flfteen of these species are distributed throughout the
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‘westem Nearctic- (Rocky mountams from Cahforma north to Alaska, east to Baffin
Island), and eastern Palaearcuc- (the Soviet far east, Slbena, Japan) reglons The three
other spec1es are d1stnbuted as follows H ruﬁcs (Mexgen) (Scand1nav1a northwest
USSR); H. maruashvzh (Machavanam) (USSR —g‘ranscaucasm) ‘and H laamii

(Beaucournu-Saguez & Bailly- Choumara) (Morocco)

Enderlein ( 1921) descnbed the genus Helodon by distinguishing it in a key to
genera, and by des1gnatmg the genotype Slmulla ferruginea Wahlberg (= junior synonym o
of Helodon rufus (Melgen)) The couplet used to separate Helodon fro_rn Prosimulium is " %

as follows4: = = - v ' SR
Claw of female with a striking long tooth; of maale much shorter :
Helodon Enderl. 1921
Claw of fema}e also simple. Hind leg of male w1th very long hairs

Prosimulium Roub. 1916 (szc)

~
N
v

N Enderlem did not expand upon this descnptron 1n any of his subsequent works, and

refen'ed to the genus only a single additional species (viz. Proszmulzum pleurale Malloch)
@ v

Rubtsov (1940, 1956, 1964) followed Enderlein's lead by accepting Helodon asa.
valid genus, although ina somewhat'different sénse. He distinguiphed the various life-

history stages of Helodon as follows (Rubtsov 1964)5:

Adults (males) ‘
Colormg ofthe body reddrsh cereternesiieiiieeiannnn.... Genus Helodon End.

Colormg of the body black. .......................... Genus Prosimulium Roub.

“Translated from German.
STranslated from German,

’



Adults (females) : ' e
Body color reddxsh Frons narrow, its w1dth 1/3to 1/2 of the helght

e e Genus Hel_odqn End. -

ettt nanentnteennenenanarnrnrnaas setereemncioienienl.. Genus Prositiulium Roub.

Head solidly dark with mdlstmct dark spots on the front.

............... Genus Prosnmullum Roub.
E—Iead chiﬁn—yeﬂfw, with.very distinct black spots on the front and

around thebase%f ;he?ead. et e Genus Helodon  End. -

Pupae -

Resplratory organ in the form of a thick stalk with a mass of small

thin short filaments. ......... e RO Genus Helodon -End.
The respiratory organ cpnsists of thin filaments or tubes that are

split up for different distances from the base. ...... Genus Prosimudiium Roub.

Genus Stegopterna End.

R

Helodon, as deﬁned above is considerably more restncted than originally .
conceived by Enderlem Indeed, if Rubtsov s genénc hrmts were to be followed, there
would be only a total of three- species referable to Helodon world-wide (H rufus H.

, rubzcundus H onychodactylus) Rubtsov evidently did not put-much weight on the B
.- toathed condition of the female tarsal claw, and was instead more 1mpressed with both the
! reddish color of the adult, and the unusual club-like form of the pupal respxratory organ.

However, as indicated by Stone (1963), most of the eharacters used in Rubtsov s concept

P
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of Helodon are also found m vanousﬂ:ombmatlons cies. For

example, males a.nd fen’lalés ofvP:rasmmIzwn (Pro} ett) are both

bnght orange as are females of P! (P ) ﬁdvzthorax S ew: i 15:‘.‘1’:101:

- ~ characters has caused most western workers to regard Helodon as exther iy defined.

,.""
n -t_

* subgenus of Proszmulmm" (Stone 1963) or

Prosimulium s.str. . (Crosskey lm

ar

Peterson (1970), mn hxs IF‘?,SIO“ | “ Qg;,mulzum s\laﬁ specxes ‘of Canada and,
Alaska, defined the subgenus I;elodon ina sense that was. less inclusive than the one 8

- proposed by Enderlein (i.e. not.mcludmg all prommulune species whose females possess a -
‘toothed claw), but rather more inclusive than the one put forward by Rubtsov (ie. L M

1ncludmg species whose adults are black, and whose pupal gills are not mthe form of club-

| like structures supporting many ﬁne ﬁlaments) Although most of the characters used to

define this segregate are sympleswtypxc at least two are evidently derived, and can be

‘taken as evidence of the monophyly-of HeIodon s.str., as defined in the present work (see

below). . o , . '

Rothfels (1979) prowded cytolog1cal evidence for the mqnophyly of Helodon
s.str., as deﬁned in the present work Chromosomal garrangements of thlS segregate
' 'dlffer profoundly from other Pr051muh1n1 They exh1b1t both a whole arm mterchan ge
combmmg IS and [T, and a nucleolar organizer transposition from its standard site in
Proszmulzum (IL base) to the center of the HL arm (i.e. the new IIIL) (fig. 2). Both of
these cytologxcal features are autapotypic for members of Helodon s.str. In addmon all
members share several basic inversions that also appear in varxous coml;manons in other

lineages of Prosunulum I can conclude only that these other i mversmns have developed in

parallel severdl times.



Rubtsov (1977) proposed the new genus Ahaxmophaga for specxes th:t were '
fonnerly pIaced in the "Pros:multum alpestre group" sensu Rubtsov (1964), but no type
was des1gnated from among any of the six mcluded species. Although Rubtsov and
Yankovsky (1984) atmbute Ahaimophaga to Rubtsov%d Chubareva in Rubtsov (1977),
~_the name is clearly unava11ab1e from that date under Arcticle 13 (b) of the Intemanonal Code

: of Zoolog1ca1 Nomenclature The subgenus Huzmophaga was sunultaneously proposed by
prtsov (1977) for P. mulncaulzs Popov with no descnptxon or, deﬁnmon other than the
_ statement that multicaulis differs from other Ahatmophaga spec1es by the stru?ture of the
~mouthparts, which are adapted for blood feedmg The name Ahazmophaga is taken as
available from Rubtsov's 1977 work, in accordance with Rubtsov and Yankovsky (1984)
(Crosskey 1987). '

!

Chubareva (1978) studied chromosomes of four spec1es belongmg to the

"Prosimulium alpestre species group” sensu Rubtsov (1964). ﬁe concluded that one of
these species, P. multicaulis Popov was sufficiently similar to Helodon rufus to be
included in the genus Helodon Since P. multicaulis i Is the type spec1es of Hazmophaga
Rubtsov (see above) this latter name is a junior subjectlve synonym of Helodon Enderlem
(Crosskey 1987). The three other species studied (P. alpestre D.R. &V., P. altazcum
Rubtsov, and P. kamtshatzcum Rubmov) were saJd to be 1ntermed1ate between Helodon
and Prosimulium, and the new genus Ahazmophaga Chubareva & Rubtsov in Chubareva
(1978) was erected to aCComodate them However, as indicated by Rothfels (1979), ,

. members of the alpestre group sha.re W1th H. rufus several cytological characteristics not
‘shared by any other other prosxmulmre, and so it is doubtful that a genus should be
recogmzed on what are apparently minor chromosomal dtfferences I have followed the
lead of Rothfels (1979) and Crosskey (1981, 1987) in regarding Ahaimophaga and
Helgdon as su’bjectlve synonyms 4

e .
_ , oo _ w% B
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The Immature stages of species of Helodon are found primarily in fast-ﬂowmg
mountam streams and rivers. Larvae may be collected from a variety of substrates, but ':-
most are attached t& u'a1hng vegetation and submerged twigs. Pupae are typlcally attached
to the 51des of stones, but may al%o be. buned deep in the stream bed (Peterson 1970,

v personal observauon) Adult females of many specxes have slightly developed mouthparts,
and are therefore presumed to be incapable of takmg a blood meal. Females with well-

developed mouthparts are presumed to be primarily ormthophlhc.
b S

Monophyly of Helodon (Helodon Enderlein)
U
o tharacrer 29.° ;
Spermatheca elongate delzcate and lightly ngmented — As dlscussed under
character 7 the spermatheca is a highly varied structure that has charactenstlc form in certain
genus groups of Prosimuliini. Fema&s of Helodon s.str. have a spermatheca that is
typrcally in the the form 01? an elongate dehcate Ilghtly -pigmented sac (1) (ﬁg 11) In the
Prosimuliini groundplan, the spennatheca is inferred to be a rather more rounded and
—fdensely sclerouzed structure such as found in females of Paraszmuhum Parahelodon,
Uroszmulzum Gymnopazs and many Slmulum (0) (figs. 12, 15). The spermatheca ‘of
females of- Proszmulzum s.str. is also rather delicate and lightly plgmented ‘however, the
.apex 1s rather more acummate in forms that are elongate, and there is a large area of
” dlfferentJated membrane at the junction Md‘ﬁ‘!he spermathecal duct (see scussxon of
- character 7) (fig. 10) (1 ). Similarly, the delicate, hghtly pigmented spermathccae of
éevrnma and Twinnia are distinguished by their "mushroom-like" apo'earance, and by ‘a‘ 7
) large area of differentiated membrane basally (fig. 14) (1°). Females of Distosimulium

have a spermatheca in the form of a greatly inﬁated, unpigmented.bag (see character 56)

(fig. 13) (17).

1
-t
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The elongate dehcate hghtly prgmented spermatheca appears to be umque in’ .

Prosrmuhuugnd can be taken as evidence of the monophyly of Helodon s. g (1) The it
female of Helodon susanae (Peterson) has a rounded dehcate and lightly. plgmented

&

spermatheca. However that species consists only of parthenogenetrc females (Curne

S .
i
1986), and so it is poss1ble that the rounded condmon 1s actually a reversal toward the i 1
primitive form. | . '
, N

‘ Character 30.

dit'
Postgenal cleﬁ biarctare, or subrectangular with famt anterior margin. — Larvae of %

v Helodon s.str. are readily drstmguxshed from those of most other Prosimuliini by the form

of the postgenal cleft. This is parucu;;)}\e if the comparison is restnctedto
Prosrrnulum, exclusive of Prosimulium s.str. The postgenal cleft of this latter group is of |
greatly varied shape, and there are forrns that approach the types found in Helodon s.str.

Typically, the cleft of Helodon s.str. members is broader than deep, and has along 1ts

anterior margin a short, posten@y d1rected sclerotized process The effectis a postgenal

,cleft that is biarctate anterrorly (fig. 33; see also ﬁg 55 of chapter 2). This form is clearly

unique among Prosimuliini, afid must be consrdered derivative. However, there are certain

- .species of Helodon (e.g. H. perspicuus Sommerman), or species groups (e. g. certain

members of the H. onychodactylus Dyar and Shannon complex) in Wthh the ventrally

dlrected process is not clearly mamfest In such mstances the postgenal cleft appe to be
a rather subrectangular shaped structure, but with an indefinite anterior margin.

This latter form approaches the condition found in certain spe01es of Proszmulzum

s.str., and so it is possible that a subrectangular—shaped cleft represents the progemtor of -

the biarctate form. If this’were so, the biarctate condition could be used to define only L

: groups of species within Helodon s.str., and could not be construed,as a synapotypy of the

. . " . " . . - .
entire sungenus. However, cytological evidence has shown that H. perspicuus is clearly

derived from an ancestor that had a biarctate post‘genal cleft (cf. Roth’fels 1979, fig. 3), and
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SO m at least one specres, a subrectangular postgenal cleft with a faint’ antenor margm has
been denved from the blarctatc condition, |

As aJrcady md1cated, the postgenal Cleft of larvae of Prosimulium s.str. is extremely
varied, whrch makes conclusrons about character po (%pty in other Prosmulum drffrcult to
; cstabhsh ‘Character states within Prosunulnm exclusive of Proszmulzum s.str., are as
follows inverted U-shaped (Distosimulium; Parahelodon, 2 specres Uroszmulzum 2
spcc1es), inverted V-shaped (Parahe[odon l species), biarctate (Helodon in part),
subrectangular with faint anterior margin (Helodon in part), absent (Levmma Twmma and
Gynmopazs) The larva of Urosimulium faurei has a subrectangular-shaped postgenal
cleft, however I am unable to deterrmne from the illustration whether or not the antenor
margin is 1nd15t1nctly deﬁned in that spec1es (cf. Bemard eral. 1972, fig. 2a). Because the
inverted U—shaped postgenal cleft is wrde -spread among the i m—group, and 1§ also common

in Prosxmulxum s.str. and primitive Sunulnm I have interpreted it as pnmmve for members :

" of Prosimuliini, exclusive.of Proszmulf%n s.str. (0) A cleft that is blarctate or

subrcctangular with a faint anterior margin, must therefore be derived, and can be taken as
evrden & of the monophyly of Helodon s.str. (1). Other character states are as follows

1) postgnal cleft mverted V-shaped; (1) postgenal cleft rudimentary or absent.

v

Oa '

3.6

j3 Subgenus Helodon (Parahelodon Peterson, 1970)

PARAHELODON Peterson, 1970 36. Type specxes Simulium decemamculatum Twinn,

1936, by onggal desrgnanon
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The subgenus Parahelodon was erected for a group -of three moderately dlStlnCthC
| ‘specxes of Proszmulzum s.lat. (Peterson 1970) : H. (Ph.) decemamculatus (Twinn), H
(Ph.) gibsoni ('I' wmn), and H. (Ph.) vernalis (Shewell). The first two mentioned species

are widespread in Canada and the northern United States whereas the third, H. vernalls

.. occurs only in eastern Canada and the northeastern United States. Most of the characters

used to define this segregate are symplesrotyprc, and cannot be used to demonslrate
phylogenetic relatronshlps However, the four apotyprc characters enumerated below

provide strong evidence of the monopjgyly of the subgenus, as dcﬂned by Peterson:

Rothfels (1979), in his cytologrc‘nsforma_tion series of a erived from

Helodon s.lat., listed inversion "1 x IIS" asa consititutive feature of the'

spec1es belongmg to ParahelodonS. Cytologlcal information was also used to provrded

[

evidence of a sister-group relatxonshlp between H. vernalis and H. decemartz culatu.s +H.

gzbsom These three spemes together were placed as the sister group of H

(sttoszmulzum) pieuralts and. t}us entiré assemblage was placed as the sister. group of -

Helodon s.str. (cf. Rothfels 1979, ﬁg 3). Phylogenenc relauonshlps among the 3 *
mcluded spec1es of H. (Parahelodon) are drag\rammed in fi gure 4

Novik (1957) referred H. gibsoni to the genus thﬁﬁ_id% based on similan'ties of the
pupa (both H. gibsoni and T. hydroides (Novék) have a 14:ﬁlamented gill) and adult (7-
articled flagellum of antenna; features of thc male terminalia ) However he was evidently -
not aware that the larva of H. gibsoni possesses fully- developed labral fans. Twinnia

belongs to a monophyletic group of Prosimuliini (including Levirinia and Gymnopais)

whose larvae lack labral"fans.

®Rothfels (1979) indicates that H. decemarticularus and H. gibsoni each consist of two

cytologically distinct cytospecies.
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'I’he three spectes of Parahelodon are all rather similar ecolog1cally The immature
’ stages typlcally live in small, first- or second-order streams, such as spnngs bogs seeps
dramage ditches, or outflows from beaver ponds (Sommerman etal. 1955, Peterson and
Wolfe 1958 Anderson and Dicke 1960, Peterson 1970 Currie 1986). Adult females of
two specles have been recorded as blood feeders upon birds (H. decemartzculatus H.
vernalis); females of H. gibsoni have shghtly developed mouthparts and therefore are

‘ preshmed to be mcapable of blood feedmg (Peterson 1970)
\

. .

: . o
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Monophyly of the subgenus Parahelodon.

Character 51. -

Arm of gemtal fork ( = sternum 9) bearmg a typtcally wrinkled or dennculate e
pronounced termmal glate — In characterizing females of Parahelodon, Peterson ( 1970)
remarked about the large slightly sclerotlzed plate (= terminal plate) that arises aplcally .
) | from each arm of the gen‘,rtal fork Not only is the plate relatlyely large in companson thh

those of most other Prosimuliini, but it is typlcally wnnkled or. denticulate 1) (fig. 12)
No such wrinkling or denticulation is evident on the termmmal plates of other Prosimuliini
' females (1)) (ﬁgs lO ll 13- 15) The terminal plate of Proszmulzum s.str. 1s rather varied
, 1n form, but any sumlanty W1th that of Parahelodon is strictly due to conVergence The
terminal plate of Dtstoszmulzum females is even la:ger ‘than that of Parahe[odon however,
the cuticle-of that plate is neither wnnkled nor denncnlated (fig. 13). A large termmal plate
is mterpreted as a groundplan apotypy of H. (Pgrahelodon) + H. (Dzstoszmulzum) (see also
dlSCUSSlOH of characters 31 and 55). g} =
. i
9

‘ Charactgr 52.



Ventral plate of aedeagus with digitiform dorsomedzal pro;ectzon basally, 1o whzch
base of median sclente is ﬁtsed — Males of Parahelodon are unique among Sunuludac in .
havmg the anterodorsal surface of the ventral plate,produced ﬁnger—hke dastmctly beyond
the apices of the anterolateral apodemes (1) (fig 18) This projection gives rise to the
medlan sclerite, whlch projects posterodorsally to serve as a mid-ventral support for the
aedeagus In other S1mulndae, the anterodorsal surface of ventral plate is not produced
ﬁnger-hke beyond the aplces of the anterolateral apodemes, and the median sclente has at
most a short rounded base (0) (ﬁgs 16, 17 20-22).
| i " ;C.'harac‘ter 53. i
[ - Veri:fdl ‘)laté of dedéagus with anterolateral .é‘podeme short. — The asiterolateral
 corner of the simuliid ventral plate 18 produced mto an arm-like apodeme that connects Wl[h
the gonocoxite and/or paramere Typ;cally, the "anterolateral apodeme" (or’ ann") 1S -
relanvely long and broad, and compnses a substantial proportlon of the total length of the
ventral plate. Sucha condition is found in males of Proszmulzum Heladon,
Dzstoszmulzum Uroszmulzum Twznma .and Gymrwpazs (ﬁgs 16, 17 20-22). Males of
Levztmza have an anterolateral apodeme that is comparatlvely short rel‘anve to the total
length—ef—the—venu'ﬁ plate, although bso/ad and consplcuous In Parahelodon males the
anterolateral apodeme is shorter yet, and rather slender (flg 18). Out-oroup companson '
with Paraszmulzum and Simuliini md1cates that the long-armed condition is probably m the
groundplan of Prosunulum (O), and that a short, slender, arm is a secondary development

(1) The short- armed conditior in Parahelodon and Levmma has probably been derived

independently, as judged from other characters.

Character 54, . )
Gcnostyllgs With single, pég-lt'ke séta apically. — Males of v'Paryah'elod'on are
distinguished from males of most other Prosimuliini by a single, peg-like, seta.near the

N ) M as

i

e
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" apex of the gonostylus. The number of apieal setae in other genus groups is as follows:

Prosimulium s.str. (2 6, rarely 1), Helodon s.str. (2-5), Distosimulium (3), Uroszmullum
(2), Levmma 2), Twzmxa (1, rarely 2), and Gymnopazs (1-3). Although the number of

.apical setae is varied in Proszmulzum and Helodon, it is clear that 2 is the most commonly

encountered condition. I havc mterpreted 2 apical setae as the groundplan number for

~Prosimuliini (0) (ﬁgs 16 17 19 22) Presence of only 1 seta must therefore be a loss

~ and is evidence of the monophyly of Parahelodon (1) (fig. 18). However the gonostyh of
males of Twmma » Gymnopais (in part), and Prosimulium unispinum Rubtsov also only

| have a single seta aplcallTEe—;ﬁause of homoplasy, the denved state can only be considered

a wedk phylogenetic indicator.
N o

3.6.4 Sub%cinusHelodon (Distosimulium,. Peterson, 1970)

DISTOSIMULIUM Peterson,.1970, Memoirs of the En‘tvé‘r-n.ololgical Society of Canada 69:

30. Type species: Prosimulium pleurale Mallo'cvn,-by 6riginal desigpation.

Y N
o}

The taxon Dzstoszmulzum was erected (as a subgenus of Proszmzllzum Roubaud) by
. Peterson (1 970) to accomodate Prosxmulzum pleurale Malloch This spec1es is msmbuted

- throughout Alaska, eastem and’ western Canada and the northwestern United States.
Accordmg to Rothfels (1979) the eastern and westem populatlons of H. pleuralzs may
represent two cytologlcally distinct sibling specxes Uemoto etal. (1976) referred to

Dzstoszmuhum a second specxes Prosimulium daisetsense Uemoto, Okazawa & Onishi,

from Hokkaido, Japan. This necessitated a rediagnosis of Distosimulium, for several of
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the characteristics listed in the original description have proven to be autapotypic for
Helodon pleuralis, the type species (Uemoto et al. 1976).

The phylogenetic relationships of Disrosi}nulium are reasonably clearly established
In erecting the subgenus, Peterson (1970) indicated that H pleuralis is more closely related
" to species of Helodon s.str. and Parahelodon than it is to specms of Prosimulium s.str.
' However, the »structtu'al attributes of this species appeared distinctive enough to warrant
subgeneric recogm'tion Uemoto ét al. (l976) indicated that H. daisetsensis is
phylogenetically mtermedlate between Distosimulium and Parahelodon but relegated «the
| species to the former §/bgenus based mamly on similarities of the male and female
‘terminalia. Rothfels ( 1979) in his chromosome transformation series of spec1es denved
from "Helodon standard", cho%not to recognize the subgenus Distosimulium; and instead
relegated H. pleuralis, along with species of Parahelodon, to "Helodon s.dar”" Helodon
pleuralis was consrdered the sister taxon of vernalis + decemamculatus + gibsoni (=
Parahelodon sensu Petexson 1970), and thlS entire assemblage was placed as the sister

group of all other Helodon (= Helodon s.str. ) (fig. 2)

Very httle 1s known about the natural hlStOl) of. Dzstostmullum species. Immatures

are frequently encoutered In mountain- or bog drainage- type $sl:teams with rocky bottoms

(Ienkms 1948 Peterson 1970, Uemoto et al. 1976) Shewell (1957) reported that females

»

of H pleuralzs are occasrona,l or locahzed pests of man and domestic mammals, although it

is more llkely that they blood feed upon btrds (Peterson l970)

Monophyly of the subgenus Distosimulium. s

" Character 55.



216

v

Arm of gemtal fork (sternum. 9) wzth a markedly pronounced termmal plate that | s
bears a patch of setae. — As already discussed under character 51, females of Pai-ahelodon
and Dzstoszmulxum are both dxstmguxshed by the relatxvely large termmal plate The -
| terminal plate of Distosimulium is so la%e that ts postenor margin prOJects co'nspxcuously -
beyond the posterior margin of the hypogynial valves (- posterior margm of stemum 8)

- (fig. 13) The condmon in other Prosunulum is for the posterior margin of the termmal
plate to either pro_]ect shghtly‘beyond the posterior margin of the hypogymal valves

o (Parahelodon ﬁg 12), or be completely overlain by the valves (all remaining genus
groups figs. 10, 11,14, 15). Although I have mterpreted a large terrmnal plate as a
groundplan apotypy of Parahelodon + Dzstoszmulzum (character 31), 1t is clear that the
excephonally large size of that structure in Dzstoszmulzum females s a further denved state.
Another d15t1nct1ve feature of the Dzstoszmulzum terminal plate is the patch of long setae that
is 51tuated centrally. No other prosunulune that I am aware of has such pronounced
setation on the terrnmal plate (0)7. The combination of a markedly pronounced terminal

plate with a central patch of setae is takenas evidence of the monophyly of Distosimulium »

1).

Character 56, - ' N .

Spermazheca a greatly en]arged thin, delzcate unngmented bag. — The ‘
spermathecae of females of Dzstoszmulzum are d15t1ngulshed from those of all other female
Sxmulndae by their extremely large size and lack of plgmentatJon (1) (fig. 13). The
spennat.heca is s0 large and dehcate that it is difficult to see in many specunens and
therefore may appear to be absent (Peterson 1981) No other simuliid has a spermatheca

that is s0 large or completely unsclerotized (0) (figs. 10-12, 14 15). The spermathecae of -

A few scattered setae are found on the termmal plates‘;‘%" &nelfgmales of Twinnia (in part)
and Gymnopazs ﬁmbrzatus Wood
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some taxa are charactenzed by a vanably swed area of unsclerotlzed differentiated
membrane at the junction with the spermathecal duct but these are mvanably pigmented or

| patterneg aplcally (e g. fig. 10)

Character 57. e

- Ventral p_égze of aedeagus deeply cleft apically. — The vent%.l plate of males of
Dzstos%lzum ar:"umoue among Prosimuliini in havmg the posterror margm deeply cleft.
Coupled with the relatlvely long anterolateral arms of the yentral plate, the entite structure
appears to be rather H-shaped in ventral view (1) (fig. 20). The ventral plates of other
-~ Prosimuliini are netther deeply cleft nor H—shaped n ventral view, and are at most only

shallowly emargmated aplcally (0) (figs. 17, 18; 21, 22) The only other simuliid that Iam ‘ ‘

aware of that has an H—shaped ventral pIate are males of Simulium subgenus

‘ Shewellomyia; however, tlus would have to’ be interpreted as an independent development,

as judged from other characters

Character 58.

| | G.on'ostylus withlapical half marked[y thinner than prOXimaI half, tapered
posteriorly 1o an acute pbint. — In the prosimuliine gmundplan the gonostylus appears to
be a rather evenly tapered structure in venttal view. Further, the gonostylus 1s typlcally
‘narrowly- to broadly-rounded apically. ThlS i§ the condition found in members of
Helodon, Parahelode)n Uroszmulzum Levmma Twmma and most Proszmulzum ) (flgs
16-18, 21). The gonostylus of males of Distosimulium differs from those of most other
Prosimuliini in that the" ap1ca1 half is markedly thinner than the prommal half in ventral

| view,  and the apex is tapered to an acute point (1) (fig. 20). Males of Gymnopais Stone

- are the only other p_rosmulunes with the gonostylus markedly tapered near the apex,

although this would have to be considered an mdependent development (fig. 22) (see also

',“dlscussxon of character 78).
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Chéracter 59. . _ .
Gonostylus flexed in dorsoventral Dlane, its apgx opposed to spszorm

dorsoventrally curved paramere. — Wood and Borkent (1982) remaﬂszed on the mode of
action of the gonostylus of of Helodon pleuralis. In the nematoceran groundplan the
gonocoxites are diverged laterally, and the gonostyh oppose each other apically in a
lateromedla.l p]ane This is the condmon of most. male s1mulnds 0 (ﬁgs 16-18, 21, 22).
'I'he gonostyli. of males of Distosimulium do not oppose each other medially, and instead
are ﬂexed in a dorsoventral plane (flg 20). When fully flexed the gonostylus is opposed to
" the apex of the paramere, which is in the form of a dorsoventrally curved spine- hke
structure fused to the gonocoxal apodeme (fig. 19) In effect the gonostylus and paramere -
act as a set of pmcers -which evidently i unpmge on the enlarged terminal plate of the female

‘ gemtal fork (see discussion of character 55 above). Both the mode of action of the
gonostylus, and the forrn of the paramere are taken as strong ev1dence of the monophyly

of Distosimulium (1) The only other simuliids with a similar an'angcment are males of
Parasimulium; however, the dorsovenu'ally flexed gonostyh are opposed to the apicolateral
angle of the ventral plate and not the paramere (Wood and Borkent loc. cit.). The
condition in Parasimulium is therefore considered to be an independent development.
Character 60.

Postgenal cleﬁ of larva deep and broad. — 1 arvae of Distosimulium have the most
extenswe postgenal cleft of any larval prosimuliine. It is relatively broad and inverted U-
shaped, and is extended from one-third to one-half the dlstance from the posterior tentorial
pits to the hypostomal groove (fig. 32). The form of the postgenal cleft is rather varied in
other larval Prosimuliini, but is exfended i in few taxa farther than about one-quarter the
dlstance from the postenor tentorial pits to the hypbstomal groove (figs. 30, 31, 33 34)

3?\
v

A shallow postgenal cleft is probably i m L@e groundplan dzf A_osxmulum as Judged from the
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dis’tributioh of this character state throughout the tn'be (0) (see also discussion of character
30). A deep and broad cleft must therefore be derived, and is ev1dence of the monophyly

of Distosimulium (1).

. 3.6.5 Genus UROSIMULIUM Contini, 1963 -

UROSIMULIUM Contini, 1963: 89. Type§pec1es Uroszmulzum stefanii Contini, 1963

[—Uroszmul:um acylearum (RlVOSSCCChl), 1963] by original designation. -

The genus Urosimlium Contini is comprised of three species that have a_westem
Mediterranean distribution (Morocco, Sardinia, Sicily). Urosz‘r'nulium aculearums
(Rivossecchi) and U. quCll Contini are the onIy two species S0 far assigned to this
segregate The third species, U. faurez (Bemard Grenier & Bailly- Chotumara 1972) has
previously been assigned to Prosimulium s.str., but shares with the other two species all
the Synapotypies listed below for Urosimulittm. It ie here relegated, in new combination,

to this latter genus.

. The relationship of Uroszmulzum to other Prosimuliini has net been \clearly

- established. Some authors regard this aggregate as a distinct genus (Conttm 1963, 1966;
Rubtsov 1974; Rivosecchi 1978) whereas others regard 1t as no more than a moderately
distinctive species group of Prosimulium s.str. (i.e. the aculeatum group) (Crosskey 1969,
1981, 1987; Bernard et al. 1972). Rothfels (l 979) prov1ded support for this latter v1ew by
| suggesung that U. stqfaruz Contini (= aculeatum ) rrught belong cytologically to the hirtipes

L group of Prosunulzwn s.str. However, members of Urosimulium lack any of ,the,v
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| Syapotypies used to define besimulium and instead have the single synapotypy:(a bifid

female claw) used to def'me the sister group of Proszmulzum Until thwlanonshlps of
Urosimulium are better understood, Iprefer to recogmze this segregate as a full genus.

Phylogenetic relationships amohg the 3 mcluded spec1es are diagrammed in figure 5.

Very httle 18 known about the natural hlstory of Uraszmulzum species. The
immature stages typlcally live in small- to large-sized mountian streams: (R1vosecch1 1963

Bernard et al. 1972). Mature larvae may be found in March, W1th adult emergence period

' extendmg from the end of that month to mid-April. Adult females of U. aculearum and U.

faurei are probably blood- feeders as judged from the toothed condition of their mandllies
and maxﬂlary lacinia. Nothing is known about their hosts.. The female of U. juccii is
probably autogenous (Contini 1966)

FT ~

»

Monophyly QF the genus Urosimulium Contini.

Character 14. ,

Cercus of female elongate, produced apically 10 a fine point, — The cercus of
females of Uroszmulzum 1s much longer than wide, and is tapered apically | to a ﬁne
posterodorsally directed point. In lateral view the cercus appears to be rather scimitar-
shaped. This condition is evidently unique to females of Urosimulium, and prdvxdes
strong evidence of the monophyly of the threc included species (1). Eemales of all other
Pr031mu1um examined have a cercus that is broader than long, and appears subrectan gular-
or subquadrate -shaped in lateral v1ew (figs. 10-15) Out-group companson w1th -.

Parasimulium and’Slmulunl mfhcates that a subrectangular—shaped female cercus is

: vprobably ba51c to Prosimuliini (0)
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Character 15. , v : b

. , ,
Gonostylus with an accessory lobe laterally atr base — Ttus condmon must not be

confused with the "mncr gonostylus" of many other Ch1ron1rn01dea W ood r
1982, Borkent and Forster 1986, Cranston ez al. 1987). The inner gonostyhts is an |

| articulated appendage situated_bn the &orsdmedial surface of the gonopod betweeh the
gonostylus and the gonecoxite.v Members of Pdrasimulium s.str. are the only Simuliidae

- known to have such a structure. A similarly pesitioned»(but probably non-homologous)
structure is present in certain members of Simulium s. str which have a non- arnculated
spinose, lobe lateromedially on the base of the gonostylus. The condition in males of
Urosimulium differs from those described above in that the accessory lobe is a n?bn-

" articulated appendage posrttoned laterally at the base of the gonostylus. No other simuliid
that I am aware of has such a condition, which must be considered apotypie (1). The
groundplan condition for Prosimuliini is for a simple gonostylus (0) (figs. '16-22).

tj
| Character 16. . _
Larval antenna with proximal and meriial arricles pigmented. — As discussed under

character 53 Qf the second chapter, the basal two articles of the larval antenna are presurned ,
to be colorless in'theProsimHliini groundplan 0) (cf fig. 58 of chapter 2) This condition
is found in members of the followmg genera Proszmulzum Helodon s lat., Twznnza and
Gymnopais (figs.30- 34) 'I'he three included species of Urosimulium have a larval antenna
that is pigmented basally, which approaches the presumed primitive condmon for
Simuliidae. However, the dlstal antennal article is markedly darker than the basal two
articles, and so it seems possrble that the pigmentation is actually a reversal toward the
primitive form (1). The larva of Levitinia has a smularly colored antenna but other

. &
. Characters 5uggest that this must be an independent derivation from the pnmmve form.
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3.6.6 Genus LEVITINIA Chubareva & Petrova, 1981
A .
LEVITINIA Chubareva & Petrova 1981: 898 Type species: Levzrmza tacobi Chubareva

& Petrova 1981, by original desxgnauon
‘g

~ The genus Levitinia Chubareva & Petrova, 19'81 was i‘écognized for a new specieS’
(tacobi’) of "fanless" black flies, and placed along w1th Twmma Stonc & Jamnback and
Gymnopais Stone'in the subfamily G@mnopaxdmae The descnpnon was based on a senes
of larvae collccted from the mountams (Hissar Range) of the Tadzhlklstan Repubilic,
 USSR. The features listed as dlagnosnc for the genus mcluded the 5-branched anal sclerite
(as compared to 3-branched in Twinnia and Gymnopazs) and the 10- branched respiratory
organ (as compared to 14- or 16-branched m%'wmma and 6 or less branched in
Gymnopazs) Karyotyplcal features of the larva conﬁrmed that Levitinia shared a close

- relationship with the otHer two mentioned genera but ev1dcntly did not reveal how the threc

"+ taxa ‘were related to each other. On the ba51s of external *structural characters (esp. the form

_-of the larval mandlble) Levmrua was said to occupy a phylogenehcally intermediate

J posmon betwcen Gymnopais and Twmma

Beaucournu Saguez and Braverman (1987) described larvae pupae and adults of a
second species of Levitinia (L. frezdbergz Beaucoumu Saguez & Braverman), from the

- Golan Hexghts\h*ﬁél In recogmzmg thc similarity between adults of Levmma and g N

ly | D

Gymnopaldmae and instead relcgated the fanless simuliids to the tribe Prosmzuvlum sensu' R .

Crosskey (1969, 1981, 1987). They compared the vanous life- mstory stages of Levitinia H
%
with Gymnopais, Twinnia, and Proszmultum s.lat. but d1d not amVe at any dcﬁmtc '

conclusions about mterrelaUOnshlps among these genera.

p AN
’. »
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_ Earvae of both species were collected from small-sized mountain streams. The
habitat is characterized by high altitud® and low temperature, and is climatically similar to
the habitat of other Prosimuliini (Beaucournngaguez & Braverman 1987). Nothing is
known about the natural history of adults. Adult females of L. frezdbergz have markedly .
developed mouthparts and are presumably capable of taking a blogg meal. The bifid tarsal

- claw of the female suggests that it may be a blood feeder upon birds.

1]
—

Monophyly of thié”éenus Levirinia Chubareva & Petrova.
g :
Character 35.

Tergum 9 of female elongate postenorly, projected shield-like over cercus. — The

‘ female of Levitinia can be distinguished immediately from those of all other Prosimuliini by

the form of tergum 9. The postenor margin is produced postenorly as a dart-like structure
that prO]CCtS well beyond the apex of the cercus. The apex of the tergum is tapered to a fine
point, and the overall appearance rs that of a shield (1). Tergum 9 of females of all other
Prosunulnm is a triangular- or subtnangular—shaped sclerite that is not produced shreld hke
over the cerci, and the apex is narrowly to broadly pointed. This latter condmon 18 clearly -

plesrotyplc (0) (figs. 10-15).

4
-

Character 36. o ) B

o« hY

Terminal plare of genital fork (= sté‘}num Y ndr connected directly to tergum 9. —
&
The terminal plate of the genita] fork of Levmma females is not directly connected with
tergum 9. Instead, the tergum and sternum of that segment-are distinctly separated by

membrane The only other wnulud that I am aware of wrth a similar condmon is
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Gymnopais (ﬁg 15). A membranous connectlon between the tergum and sternum of

segment 9 is clearly derived thh respect to other sunuluds which typically have a distinct

- sclerotized connecuon between these two sclerites (figs. 10- 14). Although it might be

argued that the apotyplc state is ewdence of the immediate. common ancestory of Levirinia

and Gymnopazs evidence presented later suggests that Levitinia is the sister taxon of

Twmma + Gymnopazs 'I'here are two possible mterpretatlons exther the lack .. f

connection is a groundplan featune of the fanless prosimuliines, with subsequent reversal to - |

the primitive forrn in Twinnia; or there has been two mdependent derivations of the

apotypic state — once in Gymnopazs and once in Levitinia. -The latter hypothe31s is .

favored in this instance because loss of a connectlon is an easier step developmentally. The

apotypic state is (1), the plesiotypic state, which is for a sclerotized connection to be - 4

present, is (0).

Character 37.

Ventral plate of aedeagus with anterolateral arms short. — The anterolateral cormer
of the sunulnd ventral plate is produced Into an arm-like apodeme that connects with the '
' gonocoxxte and/or paramere. Typlcally,fthe ‘anterolateral apodeme" (or " arm ) is relatlvely
long and broad, and compnses a substantral proportion of the total length of the ventral
plate. Such a condition 1s‘ found in males of Prosimulium, Helodon s.str. , Distosimulium,
Urosimulium, Twinnia, and Gymnopazs (figs. 16, 17, 20 22) Males of Levmma have an
arm comparatively short relanve to the total length of the ventral plate, although broad and
conspicuous. In males of Parahelodon the arm is shorter yet, and rather slender (fig. 18)
Out-group comparison with Paraszmulzum and Simuliini indicates that the long-armed
‘- condition is in the groundplan of Prosunulnm (0), and that a short, slender armis a
secondary development (1). The short-armed condmon in Parahelodon and Levirinia has '

s
probably -been denved mdependently, as Judged from other characters.
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' Character 38.
| Raramere rudimentary not connected to anterolateral ai:odeme of ventral plate. —
The paramere of male Simuliidae is typlcally a large subtnangular- or subquadrate- shaped
plate like sclerite situated on either side of the aedeagal membrane. As discussed under
character 60 of chapter 2, the paramere is primitively connected with both the anterolateral
apodeme of the ventral plate and the anterodorsal margin of the gonocoxlte (= gonocoxal
apodeme) (ﬁgs 16, 17) In males of Levmma Parahelodon, and Distosimulium the
"strap-like connection” between the paramere and the anterolateral apodema evidently haé
/—/become lost, and the paramere remains articulated only W1th the gonocoxal apodeme (figs.
18-20). This condition, which is clearly derivative, has evidently been evolved a number
of umes mdependently in Simuliidae, and at least twice in Prosunulum once in Levinnia,
and once in Parahelodon + Distosimulium (see also discussion of character 33) The
paramere of Levitinia is further derived in that it is in the form of a fine, ﬁnger—hke .

vl

px‘OJectlon fused to the gonocoxal apodeme (kndeed there is no clear separation

| bet;ween the paramere and“the gonocoxal apodeme where the two structures are joined

6 ther. No other Prosimuliini has such an ill-formed parameregand the connection with

Aonocoxal apodeme is typically rather tenuous (0). The paragaere of Distosimulium is

T fuséd to the gonocoxal apodeme but the distal portion of that structure is produced intoa
long, strongly sclerotlzed spme that curves ventrally to oppose the apex of the gonostylus-

(see discussion of character 59).

<

J
Character 39.

Pupal abdomen without 2 pleurite on .t'egment 4, segment 3 with wide tract of
pleural membrane. — Presem.e of alarge pleunte on each of pupal abdominal segments 4
and 5 has been mterpreted asa groundplan apotypy of Prosimuliini (see discussion of
- * character 52 in chapter 2). Suc& condition is found in each the followmg hneages

Prosimuli elo Str., Parghelodon Distosimulium, Urosimulium, and Twmma

gl

/
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.' (figs. 6a, 6¢c). The pupa of Levitinia has a large pleunte on abdominal segment 5, but not

on segment 4 (fig 6b). Although this lesser number of pleurites could be construed as an

'. mtermedxate stage of a transformatton senes between the condition found in Slmulnm (in

wh1ch pleurites are small or absent on segments 4 and 5), and that found i In most other -
Prosunulnm it seems more hkely that the pleurite has simply become lost from segment 4
of Levmrua As will be discussed later, Levmma is hypothesized to be the sister taxon of
Twinnia and Gymnopais together, and so if the condition in Levitinia is truely pnmitive for’
Prosimuliini, then the Iarge pleurite on segment 4 would have to have been evolved at least
twice: once in the Twinniq — Gymnopais line, and once in all other Prosimuliini. The ﬁgst
mentioned hypothesis seems simpler, and is accepted here. |

Another unique (for Prosimuliini) feature of the pupal abdomen of Levmma is the

 relatively wide fract of pleural membrane that separates the tergum and sternumi? ?.’Sf segment

3 (ﬁg. 6b). In other Prosimuliini, the tergum and sternum are either separated by a narrow

 tract of pleural membrane (Prosimulium, Helodon S.Str. Parahelodon Dzstoszmulzum and

Urosimulium) (fig. 6a) or are fused together to forr: a ring- hke structure (Twmma and
Gymnopais) (figs. 6c, 6d). The narrowly separated conmtxon between the tergum and
sternum on segment 3 of most Prosimuliini seems to be derived from a large pleural plate
that has become fused ventrally with the adjacent sternum. The remaining narrow tract of
membrane seems sumlar in al respects to the membrane that separates terga 4 and 5 from
thier respectwe pleuntes ‘The distribution of this character state suggests that it is basic to

Prosimuliini (0). In Twmma and Gymnopais pupae, the rmg hke appearance of abdominal

| “segment 3 is probably derived through fusion of both the dorsal and ventral surfaces of the

' pleurite with the adjacent tergum and sternum (sae discussion of character 46). Hence, a
. 7o . .

ring-like segment 3 is an easy step developmentally from the Prosimuliini groundplan. The

wide tract of membrane between tere” T and sternum 3 of Levitinia appears to be an

. independent derivation of the basi lan, perhaps through-loss of the pleurite.
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In summary, the wide tract of pleural membane o pupal abdormnal segments 3 and
4 of Levitinia is attnbuted to loss of their respecuve pleuntes ™. The evolutionary
s1gmﬁcance of this arrangement cannot be determined until more is learned about the

natural history of pupae of Levitinia.

'Character 40.

‘Larval antenna with pro}cimal and medial articles pi g}nented — As discus:sed under
character 53 of the second chapter, the basal two articles of the larval antenna are presumed
.to be colorless in the Prosunulum groundplan (0). This condition is in members of the -
following genera: Proszmulzum Helodon s .lat. Twmma and Gymnopazs In the two .
included species of Levitinia, the larval antenna is plgmented basally, which approaches the
presumed primitive condition for Slmulndae. ‘However, the dJstal antennal article is
markedly darker than the basal two aricles and so it seems posslble that the pigmentation is
actually a reversal toward the primitive form (1). The antenn_a is.otherwise similar to the
ones found in most other Pr031mulun1 Larvae of Urosz;nlzl'x.umaalso have the basal two
articles of the antenna pxgmented;, but other characters suggest that this has been derived
lndepenclently from the primitive form.
}

g}

Character 41. !

Hypostoma of larva with lageral serrarions produced as splmform setae. — Currie
(1986) reviewed telms used to describe the larval hypostoma of Slmuludae The term
" "lateral serrations" was apphed to the denticulations that lie lateral to the aplcal hypostomal

teeth. Unhke “apical teeth", which are typically darkl): sclerotized and den\?e@ from the

- dorsal wall of the hypostoma lateral serrations are relatively shghtly sclerot12ed andare

(‘_,)

; ewdently unique

among Simuliidae in that the lateral serrations are in the form of el%ngate, spiniform seta .

LT
I i



(1) The typlca.l condmon for Sunuludae is for the lateral sérrations to be in form of short, .
broadly- to narrowly-rounded denticulations (0)
; '
** Character 42,

' Anal sclerite with a prominent supernumerary arm projected posteromedially from
the median sclerite, resulting inan invefted—star shaped structure, — In the Prosimuliini
groundplan the anal sclerite is hypothesmed to consist of a median sclerite and 4 rad1atmg

anms - 2 anterodorsal and 2 posteroventral (fig. 9a). This condition is characteristic of the

E followmg genus groups Prosimulium, Helodon s.str. » Parahelodon, and Distosimulium.

t

o : The same basic pattern can be seen in the anal sclerites of other genus groups as well

| (Uroszmulzum Levztuua Twinnia, and Gymnopazs), except that there is an additional
lpr‘ojectxon ansmg posteromed1a11y from the area between the posteroventral arms (figs. 9b-

'-9c) Isuggested in the discussion of character 13 that a short posteromedially directed
prOJecmon such as in Urosimulium (ﬁg 9b ), might represent the groundplan condition for'
Uroszmulzum + the fanless Px:osunulum The anal sclerite of Levirinia seems further
denved in that the projection is in. the form of a promment arm, subequal in proportion to
the anierodorsal and posteroventral arms The nesultmg 'inverted-star" shaped anal sclente
is unique among Simuliidae, arrd 4; strong evidence of the monophyly of Levitinia (1). .
The pnmmve condmon 1s for the anal sclerite to be X-shaped, or X-shaped with only a

v‘short, posteromedxaHy du'ected prOJectmn 0).

s ";”.217;ﬁ



3.6.7 Genus TWINNIA Stone & Jamnback," 1955 = - . L

B

TWINNI$ Stone & Jamnback 1955 18 Typcf species: Twmma nbblesz Stone &

Jamnback 1955 by ongmal de31gnat10n

<, . , . e

. : s e c '7 Y
The non'unal taxon Twinnia Stone & Jamnback, 1955, was recogmzed for two

spec1es (nbolesz nova) whasegadults appeared to be closely related to Proszmulzum
g .
. Roubaud, but whase fanless larvae suggested a close relattonshlp with Gymnopans ‘Stone.'

‘ Twmma was considered dlstmctlve enough to rank at the genenc level, and was placed

' 'along W1th Gymnopazs Prosimulium, and C nephxa in the subfarmly Prosimuliinae.

« - . :

i Shewell (1958) accepted Gymnopazs asa separate genus of Prosunuhmae but

preferred to rank Twmrya asa subgenus of, Proszmulzum He pomted to the apparent lack
. 4
.of drfferences between the adults and pupae of these latter two segregates as justification

for ttus action. Rubtsov (1964), on the other hand, I'C_]CCth the - hypothes1s of a close

relattonsmp between Twmma and Proszmulzum and relegated the former genus to the
*

subfamily Gymnopardmae Th1s subfarmly was ongmal]y proposed monobasxc for

Gymnopais, based on the assumpuoﬁ that the fanless condmon 1S prlmmve for Stmulndae

(Rubtsov 1955, 1974).

Craig (1974)-and Wood (i978) provided cﬁonvi'ncing evidence that the fanless
conthlon 1s in fact secondary, and that Twinnia and’ Gymnopazs share an 1mmed1ate b

common Ec:stor with Proszmulzum s.lat. This mterpretanon is supported by cytologlcal

ev1dence ch shows that Twznma and Gymnopals are clearly denved from the

Proszmulzum 'standard" sequence (Rothfels and Freeman 1966; Rothfels 1979)

‘.
/

The ten descnbed specres of Twmma are dtstnbuted throughout the temperate : -

forests of the H01arct1c reglon Twmnza hydrozdes (Novék) and T. tatrensis Novak occur

oy
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in Europe, T. sedeczmﬁstulata (Rubtsov) and T magadens:s Rubtsov in Siberia; T.

] Japonensis Rubtsov T. cafmubora Ono, and T. subtibbelesi [szc] Ono in Japan; T. nova
(Dyar & Shannon) and T. hzrncorms Wood‘ in western North America; and T. ribblesi
\

Stone & Jamnback in eastern North America.

The immature stages of Twin}xia are typically either in the headwaters of small,
spring-fed streams, or in streams that simulate this type of habitat, such as outflows from
impoundments (Wood 197§, personal observation). Adult females have been reported as

either autogenous (Wood 1978, Zwick 1987), Or anautogenous on ungulates and humans

(Wood 1978, Currie 1986, Sasaki er al. 1936).

. »
Monophyly of the genus Twinnia Stoné & Jamnback

Character 61. |

| Body of ventral plate of aedeagl‘ls strongly eﬁzﬁrg;mted laterally near base of
anterolateral apodeme. — Males of Twinnia are distinguished from those of most other’
Prosimuliini by the form of the ventral plate. In ventral view the body of the plate i is rather
broad posteriorly, and is excavated laterally near the base of the anterolateral apodeme.
This lateral cmargmatlon is magnified even farther by the fact that thc anterolateral
apodemes are dlvergent from each other apically (fig. 21). The form of the verf al plate i is
rather vaned in other Prosimuliini, but is typlcally not excavated laterally near the basc of
the anterolateral apodeme (figs. 16- 18, 20, 22) In species that have a  laterally emargmate
ventral plate, the anterolateral apodemes are not markedly dlvergent apically. Out-group
comparison with Parasimulium and primitive Sunulum indicates that a laterally emarginated

ventral plate is apotypic (1), and is taken as evidence of the monophyly of Twinnia. The

S
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presumed primitive condition in Prosimuliini is for the vehu'al plate to be more or less

paxe&el-s‘i@__)atemlly, and for the anterolatexal apodemes to project parallel to each other

@, ‘ | 4

Charaeter 62.

Gonostylus with a single, peg-like seta apically. — As already discussed under
character 54, the groundplan number of apical peg-like seta on the gonostylus is presumed
to be 2 (O) (figs. 16, 17, 19, 22). The gonostylus of males of Twinnia is characterized by
the presence of a single, large, peg-like seta near the apex, which must be considered
derivative (1) (fig; 21). The enly exception to this rule is the occasional rare specimen of
T. hirticornis, which has 2 apical setae (Wood 1978). However, T. hirticornis is a -
relanvely derived species of Twinnia, and the ma]onty of specimens examined have only a
single apical seta. It seems possible therefore that the occasional extra seta is a reversal
toward the primitive condition. The derived state also defines members of Helodon N
(Parahelodon) (fig. 18). Because the apotypic state ie regressive and subject to homoplasy,
)

it cannot be taken as strong evidence of the monophyly of Twinnia.

S
0,
Py N

Characté;’::%;i‘. {
Mandible of larva not mar%kedly curved.medially near apex. — The simuliid larval

rﬁandible is typically markedly curved distally, with the apical mandibular teeth directed

toward the midline of the larva (fig. 36) During adductiotl, the mandibular teeth X

interdigitate with the apical hypostotnal teeth, thus forming a functional complex. Currie

and Craig (1987) have suggested that this co—adaptauon between the mandibular and

hypostomal teeth serves as a "pan and broom" arrangement for transfer of food into the
cibarium, with hairs on the anteroventral surface of the mandible (= apical mandibular
brush) serving as the, "broom" (cf. fig. 27, chapter 2). The larval mandible of Twinnia

differs from this general plan in that its apex is not markedly curved toward the midline,



R A
and is instead more in line w1th the longitudinal axis of the mmdrble (1) (fig. 35). The" |
consequence of this an'angcmegt’}s ﬂmismg anteroventral surfa'ce of the mandible (and
. hence the apical brush) is not,bxpugl# o contact with the substrate durmg browsmg
Hence, the apical mandxbular teeth evidently act alone in the transfer of food mto the

c1banum. A markedly curved mandible is characteristic of all Prosimuliini larvae (0).

Character 64. |

Mandiblé of larva with spine-like scales on anteroventral surface of mandible .v
reduced. — The'apical mandibular brush of Twinnia larvae consists of 3 or 4 rows of
slender, short brlstlc-hkc setae. ThlS is smular to the condition of most othcr prosimuliine
larvae, except that the brush typlcally consists of longer, finer hairs (cf fig. 27, chapter 7)
In addmon to these ha1r-hke setae, there are an addmonal three or four spine- hkc setae |
situated immediately basad of the apical mandlbular teeth (Chance 1970, cf. fig. 46; Ono
1977, cf. fig. 24; Ono'1980, cf. fig. 27; personal observation). These spines are similar to
the spine-like scales (= api;cal' ruandibular bmsh) on the antercventral surface of the larval
mandibles of Levitinia and Gymnqpais, except that the scales in these two segregates are
organized into 7 - 12 rows. Other evidence suggests that Levitinia is the sister taxon of
Twinnia + Gymnopais. If the hjpothesized set of relationships isaccepted, then the form
of the apical mandibular brush of Twimu’a must be interpreted as a reduction or loss. As

indicated under character 63 above, the anteroventral surface of the Twinnia mandible i is

probably not brought into contact with the substrate during browsing, and so it seerns ¥ )

| possrble that the rudimentary nature of apical brush is indeed the result of loss. This is the
'mterpretauon followed in the present work. Character states are coded as follows: 0) :
apxcal brush consisting of hair-like or bristle- hke setae; (1) apical brush consisting of 7-12 |
- fows of spine-like setae 2) ap1ca1 brush with spine-like §etae redut'ed to a single row of 3

or 4 spmes
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Character65. © “@

Pupal coc;on a transparent gezatinous enve[qpe that encloses all of pupa, retaining
larval exuvige. — In the pros1muhme groundplan, the cocoon is in the form of thin-to
tluckly-woven silken sac covermg all of the pupal abdomen and typically most of the
thorax. The cocoon is spun by the pharate pupa, and at ecdy51s the larval exuviae is
temporanly held bctween the pupal gdlls (-F resplratory organ). @wever the anterior
portion of the cocoon sloughs off shortly a:fter pu;gnon, .;ind the larval exuv;ae is typically
swept av:/ay by the current. The pupal cocoon of Pwinnia differs from this general plan in
- two major respects. First, it is in the form of a tr’ansparent, gelétinoﬁs, envelope that
covers al\l_-of the pupa, including the gﬂl. The envelope éonsists of thick, slimy threads that
only becg;ne manifest after fixation in'preservativc (Wood 1978). This contrasts with the
thin, disc;rétcly'formed darkened, th'r of cocoons of most other 51mu111ds Second, the
larval exuviae remains trapped between the gills by the surrounding gelatmous matrix.

Both of these features seem to be unique, and are evidence of the monophyly of Twinnia
(1). However, evid_ence presented later will sﬁow that Twinnia belongs to a monophyletic
grdup including Levitz'm'a.and Gymnopais. The pupal cocoon of fhese latfcr 2 genera is in
the form of a small ventral pad, to which the naked pupa remains attac.hed to the substrate.
I will suggest under the discussion of character 17 that a reduced cocoon i; in the
éroundplan of Levitinia + Twinnia +;Gymnopais, and that the conditon in Twinnia is a
fufthér modiﬁcaﬁon of this general plan. Wood (loc. cit.) has indicated that the pharate,
pupa of Gymnopais is enveloped in the same slimy matrix as pharate pupaﬂ Twinnia, except
that all but the ventral-most portion of this matrix disappearsoat pupation. If this is taken as
the groundplan condition of Levitinia.+ Twinnia + Gymnopais , then the condition in
Twinnia can be iﬁterpréted as a neotenic retention of the transparent envelope throughout

-

D



5 whmh it lives n " before development is cq,m

the pupal stage8. A gelau'nous cocoon might serve to"iztect a pupa should the spring in
(Wood 1978). Character states are

o7
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3.6.8 Genus GYMNOPAIS Stone, 1949

GYMNOPAIS Stone 1949: 260 Type specres Gymnopazs dichopticus Stone, 1949 by

original designation.

“<

‘The genus Gymnopais was described for two remarkable new species discovered in
Alaska (Stone 1949). Larvae of this segregate appeared different from all others known at’
the time by the complete absence of the-labral fans the primary feedmg appendages of -
larval Sunuludae Other life' stages of Gymnopais were thought to agree with Prosimulium
s.lat. in most respects, except as follows: absence of fine recumbent harrs on body,
elongatc petiole of M| ,5, a bulla near the posterior margin of the compound eye, and

virtual absence of recurved hooks from the dorsum of the pupal.abdomen.

Rubtsov (1955) was so impressed with the fanless condmon of larval Gymnopazs

he recogmzed a separate subfamily for members of that segregate the Gymnopaldmae

8Beaucournu- -Saguez and Braverman ( 1987) report that Levitinia and Gymnopazs have the

same type of pupal cocoon.
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Thts action was presumably based on the assumptlon that black flies are derived from a
chironomid ancestor (whose larvae also lack labral fans) and that the fanless condmon in
Simuliidae must therefore be primitive. However, as already mdxcated under the sectton on Q
Twmma it is reasonably welkestabhshed that the fanlesg condition in Simuliidae is actually

« derivative, and that Gymnopais and its fanless relatives are all denved from a Proszmulzum

% lat. ancestor (Wood 1978).

Gymnopais species are extensively modified for life in high arctic or high alpine
environments (Downes 1964, 1965). Females are all autogenous (their eggs being
developed from nutrients stored dltring the larval stage); number of eggs produced 1s
reduced (20-150, as compared to 200- 500 in most other Simuliidae); matmg takes place on
the ground (as opposed”go aerial mating as in most other Simuliidae); the male eye of most
species is dichoptic, rather than holoptic (probably being correlated with mating on the
ground); at least two species are parthenogenetic (freeing them from the necessity to mate in
mhospltable envuonments) and adults are typically incapable of mght Or are at most very

weak fliers (G. holopricus is the only species I am aware of that i 1s capable of flight).

Many of the features used to characterize Gymnopais are no more than
specmhzatlons to life in wind-blown loca11t1es Various’ combmaﬁons of these same ‘
specializations are found in other groups of Diptera. For example, a reduced antenna and
maxillary palpus, a ﬂattened thorax, and enlarged terminalia (three characteristics of
Gymnopais) have developed in parallel in three independently derived species groups of tF
chironomid genus Diamesa Meigen (Sazther 1986)./Rubtsov (1974) used one of these
characteristics (a flattened thorax) to help justify his supoosition that Gymnopais is a link
between Chironomidae and Simuliidae. However, caution should be used when evaluating

chiaracters that are subject to parallel selection.
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Gymnopazs lmmatures hve in the headwaters of streams that either take thexr ongm .
-from permafrost areas or from the bases’ of glamers (Wood 1978 personal observauon)
Such water courses are charactensucally very cold, not exceeding 50 C. In the absence of
labral fans, larvae must graze their algal food from the stony substrates on which they hve.

Last-instar larvae do not spin a cocoon as such, and instead produce a small ventral pad to

o the substrate. Emergence is typlcally

. . . v I . .
asynchronous, occuring over several weeks or even a month or more, dependmg on

‘whether or not the species is parthenogenetic (the emergence penod for sexual speC1es is

generally more truncated). Adults live from 3 to 5§ days in the laboratory. Iti 1s unlikely that
they take any form of nourishment in nature other than water (Currie 1986). There is only

one generation per year, w1th overwmtenng in the egg stage.
-
The 12 descnbed species of Gymnopais are W1dely dlstnbuted In mountainous and

high latitude areas of the Holarctic region. Palaearcnc members range from central and
southeastern Altaj (G rubtzovi Bobrova), east to Primorye (G m,rcornutus Bodrova), and
north to Kamtchatka (G fronratus Yankovsky). Apart from a single record of G.

bzf stulatus from northern Mongolia (Halgos 1978), all Pa.laearctlc records of G)mnopats

are from the USSR. Al five Nearctic species are known from central Alaska and: the

“Yukon (Beringia). One of these species, G. holoptzcozdes Waod, is d1stnbuted from

Beringia east to Labrador, another species, G. dzchoptzcozdes, is distributed from Berin gia, 3

south along the Rocky mountains to southeastern Alberta.

it

Monophyly of the genus Gymnopa’is"Stone =

“

B,

Character 66. S i
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General vestiture of adult sparse, short, erect . — The general vesuture of adults of @
Gymnopazs consists of a spﬁrse covering of short, coarse, erect (or sermerect) setae (fig. |
23, 24). Absent is the dense covering of fine recumbent setae (plle), characteristic of adults
| of all other Simulijd_ae. The apotypic state is clearly unique to Gymnopais, and‘is strong
evidence of the monophyly of the genus (1). The primitive state is vestiture mainly of p11e

4

'w1th only a few coarse, erect setpe mterspersed 0).

Character 67.
Clypeus nearly devoid of setae. — The clypeus of Gymnopais adults is devoid of

setae centrally, and has only a few irregularly situated setae laterally (T) (fig. 23). Adults

~ of all other Prosimuliini, like thdse of other simuliids, have the-clypeus entirely covered

with setae. Out-group comparison with other Chtronom01dea mdlcates that th15 latter

condltlon is pnrmtxve 0.

.9’

Character 68.

Mgndzble and laczrua of female wzthout apzcal teeth. — As dlscussed under

S charaoters B and 32 of the second chapter sunulud females are presumed to be pI'llTlll’.lVCly

. anautogenous (0). The man&ﬁ]e and maxﬂlary lacinia of such females are variously

' serrated ap1cally, ada,pdhg them for plercmg ‘the skin. Females of Gymnopazs lack serrated
'mandlbles and, lacmrae which must be considered a secondary development (1). The
apotypﬁ: state is a regressive: feature that is subject to homoplasy, and is therefore not

couomcmg as a phylogenetic indicator.

Character 69. -
Thorax of adult slightly arched. — One of the most characteristic features of .
Stmulndae is the humped-backed appearance of adults. Adults are typically very strong
lﬂlCI‘S and the markedly arched (and usually high) thorax contains well developed ﬂlght

7/ . N
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muscles (O). Field observations of Nearctic G)nm'opais reveals that adults are either poor O
fliers (G. holopricus), or are incapable of flight altogether (G. holopnco:des G '

_ dzchopncus G. dzc/%pncozdes, G. ﬁmbrzatus) The weakly arched thorax of Gymnopais

. species is probably related to the degenerate condition of the fhght muscles, which miust be
considered derivative ) (fig. 24) Certam specimens of G. fimbriatus werc found to have
vrrtually no flight muscles at all, and the female of that species was found to have eggs

g}
protrudmg into the thorax (personal observauon)

§
&

Postnotum relatzvely small and markedly arched with a variously distinct medzan

Character 70.

' longztudmal rzdge — The apotypic state is pmsenbonly in members of Gymnopazs 1 -

‘(ﬁg 15) The condmon in other prosimuliines is for the postnotum to be larger and rather

y

’. dorsally, with no suggestion of a dorsomedian longitudinal ridge. Out-

group "pan’son with other Simuliidae indicates that these latter two conditions are
plesiotypic (0). ‘

‘,, » ? Character 7.

V,’l,

3

R Anepzsternal membrane with a small group of hairs. — The anepisternal (pleural)

S membrane is bare in ﬁ&raszmulzum and most members of the tribes Prosimuliini and
R

R l’ )

- f Simuliini (0). Gymnapazs adults are distinguished from those of most other simuliids by

presence of a few setae on the aneplstemal membrane (1) (fig. 24). Adults of G. ‘
f mbrzatus apparently lack such setae (Wood 1978); however, other characters suggest that
this could be a reversal toward 'the;ﬁpmmuve conditon. The apotypic conditon has

‘apparently been eyol_ved rn_dependently in members of the simuliine genus Metacnephz‘a.

Y i

.Crosskey.

Character 72. - A
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Mesepimeron with vestiture confined to dorsal part of sclerite above level of-

«

_metathoracic spfracle. _ Gymnopais adults have the vestiture of the meScpirneron (=
mesepimeral mfi) conﬁned td the dorsal-most portion of the sclex:iné,' above the lenel of the
ventral margin of the metathoracic?spiraclc (Wood 1978) (1) (fig. 24). This differs from
the condition in other adult prosimuliines, in which the mesepimeral tuft is more extensive
ventrally, extending into the area below the Ievelﬁh&the metathoracic spiracle. I have

interpreted this as the groundplan condition for Prosimuli@m' (0). C <

Character 73. S , ,

Wing membrane fumose and slighfly wrinkled. — The wing of Gymnopais
members is somewhat wrinkled,.and has a pale smokey-brown appearance (nearly opaque
in some specune;si (1). The opaqueness is evidently the result of mlcrotnchla which are
particularly small‘and numerous on the wing membrane of Gymnopais (Wood 1978). In
all other prosimuliines r.he7 wing is less wrinkled, and Lhc mei‘hbrane‘is hyaline. Out-group

comparison with other Simuliidae indicates that these latter.two conditions are primitive

0).

Character 74. )
Petiole of M| ,; elongate, about half as long as petio}e/éf Rs. — The petiole or stalk

of veins M, is excéptionally_ long in Gymnopais. 1t is about as half as long as the petiole

of the radial seqtor (Rz43 and Ry, 5), as compared tn about oné-ﬂfth that length in other
| Prosimuliini. A short petiole is probably in the groundplan of Prosimuliini, as mferred
from the occurrence of this condxton n Para51muh1nae and Simuliini (0). The elongate
petiole in Gymnopazs must therefore be derived, and can be taken as evidence of the
common ancestory of its members. The apotypic state is shown on the prosunuhme wing

[T

illustrated in figure 20 of chapter 2.
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Character 75. *> .

Termindl p[ate of gemtal Jork (= sternum 9 ) not connected directly to tergum 9. —

» The terminal plate of the gemtal fork of Gymnopazs females i is not directly connected with
tergum 9. Instead, the tergum and. sternum of that segment are distinctly separated by
membrane (ﬁg 15) The only other simuliid that I am aware of w1th a similar condition is

Levitinia. A membranous connection between the tergum and sternum of segment 9 is

clearly denved wnh respect to other simuliids, which typlcally have a distinct sclerotized

- connection between these two sclerites (figs: 10-14). Although it might be argued that the

- apotypic state is ev:dence of the immediate common ancestory of Levitinia and Gymnopais,

ewdence presented later suggests that Levitinia is actually the sister group of Twinnia +

Gymnopazs 'I'here are two poss1ble mterpretauons either the lack of a connection is a

groundplan feature of the fanless prosimuliines, with subsequent reversal to the pnmmve

form in Twmma er there have been two independent derivations of the apotypic state —
once in Gymnopazs and once in Levztzma The latter hypothesis is fa)vored in this instance

~-because loss of a connecnon is an easier step developmentally The apotypic state is (1),

the p1es1otyp1c state is presence of a sclerotized connection (0).

Character 76.

Spermatheca basally with a short or long neck, to whzch the spennathecal duct is
connected, — In the }asxmulum groun%plan the apex of the spermathecal duct is inferred .
to be connected mth a vanously sized membranous ring at the base of the spermatheca ) A' 2y |
(t' 1gs. lO 14). Th1s is the condition i in Prosimulium, Helodon s.dat., Urosimulium, |
Levztmza and Twmnza The spermatheca of Gymnopais females differs from the general
" plan in thaf the base is produced into a variously sized, sclerotlzed neck (fig. 15). This

condition is clearly unique among prosunulunes and is taken as ev1dence of the

monophyly of Gymnopazs (1)
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Character 77. - . , g'.gt R o
Anal lobe and cercus of female fused into a single, soltqr sgerlte — Gymnopazs ‘ %“; ','i;;;.:

single, sohd sclerrte (1) (fig 15). The typ1ca1 condmon is for the anal lobe anq cercus terbte \
clearly separated by membrane (figs. 10 14). Out—group comparison with Parasunttluhae
and Simuliini indicates that this latter com‘ﬁon is pnmmve 0).
Character 78. '-"{ PR f'

| Gonostylus slender apzcally,wzth apzcal peg-like setae mmute — The onostylus of
males of Gymnopais is relatlvely narro.w compared with that of other pr051mulunes and is
tapered apically to an acute pomtv I:'Ln:&rer the‘aplcal peg-hke setae are so small that they
are barely visible under magmficatton with a*dlssectmg rrucroscope ¢)) (ﬁg 22). The

p¥mitive conditiofpfor Prosunulum is for the gonostylus to be relatively broad throughout

W1th a narrowly- to broadly rounded apex, and for the apical peg-like setae to be readlly

' V1s,1ble under magmﬁcatmn with a. dlssectmg rrucroscope (0) (figs. 16-18, 21) The only :

other prosimuliine W1th a narrow gonostylus 1s the male of Helodon (Dzstoszmulzum)
however the apical peg-like setae are conspicuous in that subgenus (figs. 19, 20) Other
characters, such as the umque claspmg mechamsm of the gonostylus of Distosimulium,
suggests that any smnlanty with the gonostylus of Gymnopais is strictly due to

convergence (see dié’éussron of characters 58 and 59).
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Character 79. .

Sterna 4-7 of pupal abdomen each with uptos p'airsrof recurved hooks. —
Gymnopazs pupae have a relatively large number of sternal hooks compared to those of

other prosunulunes The exact arrangement of hooks varies among species, and even

¢
e . L

*
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ameng individuals of the same specics. However, the overall number of sternal hooks per

Gymnopais pupa far exceeds the number ; 1n rpost other simuliid pupae (1) (fig. 8¢c). The

P

typical prosimuliine pupa has no more th A gL RE s of hooks per sternum (0) (figs. 8a,

8b). The large number of hooks probably a S'the Gymnopais pupa to remain attached

to the small ventral pad of silk, which is all that remains of the pupal cocogn. e

Character 80.

Pleurite 4 of pupal abdomen hardly dzﬁ‘eremzated Jrom (or fused t0) adjacent tergum
and . sternum. — Gymnopazs pupae afe unique in having abdominal pleurite 4 slightly
dlfferennated from or fused to, the adjacent tergum and sternum. In this respect segment 4

s similar in appearance to segment 3, wh1ch also has the pleurite fused to the tergum and

s

sternum (see also discussion of character 46). ‘As discussed under character 52 of chapter

i

T2, presence of a discrete pleunte on each of abdormnal segments 4 and 5 is interpreted as a

: groundplan feature of Prosimuliini, Hence, any connection between the pleurite with the
adjacent tergum and sternum must be con51dered a secondary development (1). All other
pr051mu1une pupae have a narrow, but distinct, band of striate pleural membrane betwgen

‘the pleurite and the adjacent tergum and the sternum (0). A diagrdmmatic representation of

~ some evolutionary transformations of the prosimuliine pupal pleuron is given in figure 6.

» Features of the pupal pleuron are considered in greater detail ugider the discussion of

character 39.

Character 8 1. |

F orm of labrum and labropalatum of larva. — Gymnopals larvae are dlstmgulshed
from those of other fanless prosrmuhmes by several features of the labrum and
labropalatum. For the purposes.of the present c_haracter analysis I have combined these

-]

L
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features under a smgle character state. Synapotypic features of the Gymnopais labrum and
: labropalatum are consr@;:ig mdlvrdually below

4 a) Wmcompzcwwly longer than wide. — The Gymnopazs labrurn is
proportionally longer and narrqwer than thos_e of Levitinia and Twinnia (compare
figs. 30 and 31 ). 'Because the condition in fanned prosimuliines is .for the -
labrnm to be short and broadly rounded apically (figs 32-34), I have interpreted_
the exceptionally long and narrow labrum of Gymnopais larvae as derivative ().

b) Labrum with a lateral transparent tubercle on each side. — Another distinctive
(and apparently autapotyprc) feature of Gymnopazs larvae is the consplcuous
tubercle situated laterally on each 51de of the labrum (1) (fig. 31). No such.
tubercle is present on the labra of any other sunulud (0) (flgs 30, 32-34).

c) Epzpharyngeal apparatus wzth V—shaped bru.sh antenorly — Gymnopazs larvae
evidently have a unique arrangement of. halrs on the ventral surface of the
epipharyngeal apparatus ThJ antenor-most setae are orgamzed mto a‘distinct V-
shaped structure,- whrch is read11y \fimble in ventral v1ew (Wood 1978) (1). The

‘anterior-most setae of the labrmof Levmma and Twmma are more irregularly
. s1tuated and are not orgamzed mto a Vﬂ shaped structure I have interpreted this

latter COI]dlthIl as plesrotyplc (0)



-~ 3.7 Relatiopships among genus-group taxa of Prosimuliini . Co

»

3.7.1. Monophyly of Prosimuliini, exclusive of Prosimulium s.str.

- The taxonorruc value of

| the female tarsal claw has long been recognized (Rubtsov 1940 1964 19%) The claw is

of greatly varied length and shape, and may be either 51mple (fig. 26) Or possess a

variously 51zed basal or subasal tooth (fig. 27). Differences in th&aw have been used to
dlstmgulsh not only spec1es and groups of species, but higher taxa as well. Indeed,

Rubtsov (1940) lists the tarsal claw as the single most important diagnostic feature of
Simuliidae! While the relative merits of this character system is open fo debate, there can
little doubt about its importance as a phylogenetlc indicator. However there is an extreme L‘;v‘:w‘
amount of homoplasy withm the family, and so hypotheses about relationship must be

b;sed on can};e‘ful r ':';:. nce to the defined out-groups.

“ Rubtsov'( 1'940) 1in; addressmg the character polarity of the female tarsal claw,

x concluded that claws“ W1th a consplcuous basal tooth (e.g. Simulium Verrum Maquart), and

those that are simple (e. 8. S. reptans (Latreille) and S. equinum (Latreille)), are both

plesiotypic. The presumed derived COI'ldlthﬂ are claws that have a small basal or subbasal

tooth. In support of this hypothesis, Rubtsov 1nd1cates tiat the 2 pnmmve types of claw

are clearly formed early in .pupal development — an example of ' ontogeny recapitulatin g
phylogeny In his 1974 paper, Rubtsov realized that the distribution of character states

| was much more complex than originally supposed, and that a consplcuous basal tooth was

best regardcd as a secondary development in certain taxa.
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Itis difﬁcult to imagine how two completely different character states (t.e. a simple
versus a complex tarsal claw) can simultaneously be construed as primitive. Out—groupv

comparison with other Chironomoidea reveals that a simple type of claw is the only one in

_ females of 'I'haumaleidae and Chironomidae. In Ceratopogomdae the pattern is rather more

complex with the female tarsal claw either sunple or with a variously sized basal or
subbasal tooth. However, a simple claw is evident in the 2 most primitive é:lades of
Ceratopogonldae (tliz. Leptoconopinae9 and Austroconopinae), and so a simple female

claw is probably basic to that family as well. Within Simuliidae, a simpletclaw (or one

with a minute basal or subbasal tooth) is characteristic of Parasimulium, Prosimulium .

s.str., and many simuliines, and so I can conclude only that a simple claw represents the
primitive condition. A complex tarsal claw must therefore be derivaﬁve, and is used to
define monophyletic lineages within Simuliidae. |

~ The evolunonary significance of a basal or subbasal tooth was speculated upon by

Shewell (1955). He concluded that the vast majority of species with simple or rnmutely

‘ toothed claws attack mammals whereas those with distinctly toothed claws feed prmcrpally

upon the blood of birds. It was suggested that the tooth adapts the claw for movement
beneath feathers, and that 1t might also prevent the claw from becoming entangled in the
plumage Unfortunately, there have been relanvely few stud1es ‘about blood-feeding
behavour of female prosrmuhmes, although most reports seem to support the general
pattern described by Shewell. Females of Helodon Parahelodon and Dzstoszmultwn (all
of which have a large basal tooth in their groundplan) have all been reported as blood-
feeders upqn birds (Bennetél%O Peterson 1970, Sasaki et al. 1986) The feed1n<7 habits

of females of Urosimulium, which also have a large basal tooth, are evxdently not known

-The female of Levitinia has a small, but, dlstmct, tooth on the tarsal claw, but nothing is

9The female claw of Leptoconops (Leptoconops Skuse) bears a basal tooth or bnstle but

- this is probably non-homologous with smular structures in other CeratOpogomdae
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known about its hosts ‘Twinnia females have sunple tarsal claws and have been reported
as blood feeders upon humans; horses, and deer (Dyar and Shannon 1927 Curne 1986

Sasaki et al. 1986) All specres of Gymnopazs have a srmple female claw and are reported

to be autogenous. A .;;,; gt ‘gr,"’;‘ f_»’ e
% | s

To summanze a srmple tarsal claw is chamctensucbof ﬁro.gmu}zum@s sp’ L’wmma
and Gymnopazs whereas a vanously srzed (but consplcuous)“tooth 1s typ;éa.lfy prespnt on &, "
the female claw of all other genus groups Evrdence presented laterm ghrs bhapter wﬁl v '
suggest that Levitinia, Twmma and Gymnopazs form a monophyletrc group, wrth tev“nma" , ;
forming the sister taxon of Twmma and Gymnopazs together: Because the female of
Levmma has a distinct basal tooth on the claw, I have concluded;&that 1ts absence from | |
Twinnia and Gymnopais must be the result of reduction or loss On the other hand there :

L !
G

4 "o mtermedJates to suggest that the sunple claw of female Pra\zmulzum .tnstr 1s aJso the

sult of loss (i.e. there is no evrdence to suggest that that’ a toothed claw is actually m ‘the
groundplan of Prosunulum asa whole) I have therefore concluded that a srmple claw is |
primitive for Prosunulum and that a claw with a conspicuous basal tooth 1s ev1dence of the .
monophyly of Prosrmuluru exclusrve of Prosimulium. | B
Although a large basal tooth can be assigned reasonably to, the groundplan of

Helodon s.lat., the tooth has .evidently become secondanly lost in some species. For

) e,\ample on overall balance of characters it would seem best to assign Proszmulzum
aridum Rubtsov to Helodon s. lat.; however the female of that specxes has only a mmutely R
toothed claw10 A possible explanation for this i mcongrurty comes from exammatron of the -
female mouthparts The mandible and maxillary lacinia of P. arzdum are completely devoid
of retrorse hooks aplcally, and are thus rendered incapable of plercmg the skm As

drscussed under character 32'in chapter 2, blood feeding is- presumed to be a prumtrve

feature of Srmuludae .and so autogeny must be consrdered a secondary or denvatrve '

VIOP?osimulfil}n aridum Rubtsov is only known in the female stage.

N

“ T~
C\./
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feature. Having lost the ability to blood feed, the female of P. aridum no longer has the
need fora largely toothed claw and so the tooth has presumably become reduced over
time. The same argumcnt can also be apphed to the autogenous female of Prosimulium
' phytophagum Rubtsov, which also lacl_cs a conspicudus basal tooth on the tarsal claw.-
ThlS species seems best assigned to Helodon s.lat. because it lacks any of the autapotypies
attributable to other Prosimuliini genus groups. |
- iIn summary, the initial dichotomy is apparently between prosimuliines Whose
_ " females are mamtnalop_hilic (Prosirnulium), and those whose females are primitively

- orhithophilic (Prosimuliini, exclusive of Prosimulium). Several members of this latter

R : group have ev1dently reverted back to mammalophrly, or have lost the ability to blood feed

altogether In such mstances the basal or subbasal tooth of the female tarsal claw has

o lSéc_ome teduced, or even lost. The apoptypic state has evidently been derived several times
indedendently in ’van'ous lineages of Simuliini. Character states are coded as follows: (0)

. female claw sunple (1) female claw W1th a distinct basal or subbasal tooth; (2) female claw

w1th basal tooth lost . S : ' } .

3 7 2 Monophyly of Helodon s.lat. (Helodon s.str. Parahelodon,
4 Dtstosrmultum) A

Y

- Character 11

SEVC RV

- Chromosomes‘ﬁzth ﬂxed zmgrszons HIL- I and 1 x IIS — Although the overall
v close relatronshrp betWeen Helodon Parahelodon and Dzstoszmulzum has not been

) quesuoned I have not been able to fmd convmcmg (synapotyplc) structural characters to
; v; urute them The monophyly of the group 1s therefore supported solely on cytologlcal

' i grounds ln hlS chromosome t:ransforrnatlon senes of "Prosrmulunae" Rothfels (1979)

"
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_-characterized Helodon s. Iat mqnbem as ha\gfng the fixed inversions IIIL 1 and I x IIS
’I‘hese inversions are ev1dent1y unique; an&are taken as ev1dence of the common ancestory
é g ot’ Helodon s. lat. Two cytologrcal subgroups were recogmzed w1thm thls group one, -
‘including the nominate subgenera Parahelodon and sttoszmulzum and another including
members of Helodon s. st (fig 2) Presence of ﬁxed mversmns M-t and 1 x OS is

coded (1); absence of those i mvers10ns is coded (0)
> o

) .
3.7.3 Mopophyly of Uroszmulmm +. the fanless Prosrmulnm (Levitinia,

/Twmma Gymnopazs)

Ch/aracter 12 , ‘ L
‘ ‘.;" | Mandible of larva wzth apzcal brush of brzstle like setae — The apical mandibular
| brush 15 a senes of hairs situated unmedrately basad of the apical teeth on the ventral
- surface of the mandrble Cume and Craig (1987) have suggested that, during browsmg,
“the ap1cal brush is drawn past the Ieadmg (toothed) edge of the hypostoma In a "pan and
' broom fashron Algae and other types of deposited Oégamc matter are thereby swept off "
the subsu-ate and 1nto the c1bar1um. anmvely, the aprcal brush consists of a series of
rows of ﬁne halr-hke setae such. as in larvae of Paraszmulzum Brosimulium s. str. and
Helodon s.dat. (cf fig. 27 of chapter 2). The condltron in Uroszm;dzum larvae differs from
the one descnbed above in that the apical brush is compnsed of shorter, thicker, bnstle like
setae. Ig th1s respect the aplcal brush of . Uroszmulzum seems to represent an intermediate
stage of a transformatlon senes between the presumed pnrmtlve configuratron as
characteristic of the majority of sunuluds examined, and the stout, spine-like, setae that
compnse?aplcal b_ru:shdof Levitinia and Gymnopa.zig larvae(ﬁg.36). The more extensive

apical brush of fanless Prosimuliini is undoubtedly related to the obligate scraping habit.of
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apical mandibular brush of Twinnia larvae consists of 2 types of setae; an

3 or 4 spme-hke setae, and several more posterior rows of bristle-like setae.

."der the discussion of character 64 that the condmon in Twinnia may be

| areversal frorn the type of mandible of Levmma and Gymnopais. Character states are
coded as follows. (0) apical brush consisting of lone, fine setae; (1) apical brush consisting
of bristle-like setae; (2) apical brush consisting of spine-like setae; (3) apical brush with

spine-like setae reduced.

Character 13.

'AW}Xlerite with a short, posteromedially directed projection berween
posteroventral ‘arms. — The anal sclerite has been interpreted as a groundplan apotypy of
Simuliidae (see discussion of Raracter 20 in chapter 2). Primitively the-anal sclerite is an
X-shaped structure that consists of a median sclente and 4 rad1aung arms — 2 anterodorsal
and 2 posteroventral ThlS pattern appears to be basic to all major lineages of Simuliidae,
including Prosimuliini. An X-shaped anal sclerite-gharacterizes all members of )
Prosimulium s.str., all members of Helodon s.str., both species of Helodon
(Distosimulium) and one sf';ecies of Helodon (Parahelodon) (subrectangular shaped in the
other 2 species) (fig. 9a5. The anal sclerite of Urosimulium larvae differs from the basic
plan in that it has a small,»posteromedvial projection arising from the median sclerite between

the posteroventral arms (fig. 9b). "Other character states of prosimuliines include an

inverted star-shaped anal sclerite (Levitinia; fig 9c) and a Y-shaped anal sclerite (Twinnia

and Gymnopais; fig. 9d). Developmentally, the type of anal sclerite in Urosimulium larvae '

is the most easily derivable from the plesiotypic form: all that would be required is
development of a short, posteriorly directed, sclerotized, projection between the
posteroventral arms. If this can be accepted as a logical first step, then the inverted star-
shaped sclerite of Levitinia cquld be derived easily through lengthening and widening of

_ this posteromedially directed phocess (see also disbussion of characte; 42). The Y-shapec;

249
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anal sclerite of Twinnia and Gymnopais larvae coqu also be derived from the type of anal
sclerite found in Uroszmulzum through reduction or Ioss of thé posteroventral arms, and
development of an elongate, common base for the anterodorsal s (see also discussion of
characters 49 .and 5((% . These are the interpretations followed K: present work.
Character states are codegi as follows: (0) anal sclerite X-shaped; (1) anal sclerite X-shaped
with a short, supernumerary, posteromedially directed process; (2) anal sclerite with °
supernumerary process in the form of a prominent arm, subequal in length with
an?erodorsal and posteroventral arms; (2 ) anal sclerite with posteroventral arms reduced,
and with anterodorsal arms bome on an elongate common base (= median sclerite). The

evolutionary transformations described above are illustrated in figure 9.

O

3.7.4 -Monophky:l_y of the fanless Prosimuliini (Levitinia, Twinnia,

Gymnopais) )

Character 17.

Cocoon ritdimentary. — The cocoon is one of the most conspicuous features of
black-fly pupae. In the simuliid groundplan, the cocoon is an irregular, thin- to thickly
woven silken sac, enclosing all of the pupal abdomen-and typically most of the thorax.
This condition, WMCh must be considered primitive, is characteristic of Parasimulium,
Prosimulium, Helodon s.lat., and most plesiotypic genera of Sunulum (0) The pupal
cocoon of Levitinia and Gymnopais is rudlmentary in companson with those of most other
simuliids because most of it sloughs at the time of pupation (Wood 1978). All that remains
is a small ventml pad to which the naked pupa remains attached to the substrate (1). The
only other simuliids with a similar arrangement are members of C rozetza and Tlalocomyia;

however other characters suggest that this must be an mdependensmodlﬁcatlon from the /

%
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simuliid groundplan. The Twinnia pupal cocoon is fmAthe form of thick, gelatinous,
transparent strands, that cover the entire pupa in a slixhy envelope (Wood 197?). As

discussed under character 65, this is considéred to be a'fpnher modification of the

N\
condition in Levitinia and Gymnopais (2). -

Character 18.

Abdominal terga4 and 5 of pupa each without an anterior row of posteriorly
directed spines (= spir;e combs). — As discussed under character 48 of the second chapter,
spine combs are interpreted as a groundplan feature of Simuliinae (.qf. figs. 52 and 53 in
chapter 2). Primitively, spine combs are situated on each‘of abdominal segments 4 to 9
(fig. 7a). This is the condition in Prosimulium, Helodon s.str., H. (Parahelodon), H.
(Distosimulium), Urosxmulzum and many Simuliini. In the only pupa of Levitinia known,
spine combs are lacking from each of abdominal terga 4 and 5, but are present on terga 6-9
(minute on terga 9 of specimen examined) (fig. 7b)." Pupae of Twinnia and Gymnopais
tack spine combs spine cbmbs altogether (figs. 7c, 7d). I have interpreted the condition in

Levitinia as forming part of a transformation series between the complete onchotaxy,

typlcal of pupae of Prosimuilium, Helodon s.lat. and Urosimulium, and the total absence of

spme combs from pupae of Twinnia and Gymnopais. The pnrmtwe state is (0); loss of
spme combs on pupal abdominal segments 4 and Sis (1) and loss of spine combs
altogethcr 15 (2) (seg also discussion of charactcr 438). Reducnon in the number of spine-

comb rows is probably correlated with the reduction of the pupal cocoon. The evolutionary

transformations discussed above are summarized in figure 7.

Character 19.
Labral fans absent from second through final instars. — The form of the larval head .
is one of the most characteristic features of fanless prosimuliines. Not only are labral fans

absent from most larval instars, but the shape of the head is modified for scrapmg, rather
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‘than filter feeding (compare figs. 30 and 31 with ﬁgs 32-34). Although there would seerzt/
tobea substantlal phylogenetic gap between fanless- and fully-fanned simuliids, Craig
(1974) has shown that the two types of head are extrerely similar in the first instar. For
example first instars of Twinnia, Gymnopazs Prosimulium s.str., Helodon s.str., and .
Crozetia all have sunple labral fans (i.e. the fan basé is rudlmentary or laclcmg, and only 0-
4 fan rays are *present), and the head appears rather ovoid in dorsal view. This same type
of arrangement. has subsequently been confirmed for ﬁrst instars of Parasimulium stonei
Petcrson (Borkent and Wood 1986). The fan of other first instar simuliids, although
somewhat more complex than in the taxa listed abdve, ‘-i's still less complex than those of
later instars. Wood (1978) has suggested that reductlon of fans in the first instar may be a
charactenstlc of the entire fam1ly, and I concur. The small size of the ﬁrst-mstar larva and
the thickness of thc boundary layer around the larva' s body, makcs filter feeding in that |
stage unhkely (Cume and Craig 1987). For some as yet unknown reason, the fans are not
fully expressed until the later i mstars. )

Larvae of Levmma Twinnia, and Gymnopozs are derived with respect to rnost
other simuliids in that their fans are suppressed throughout the entire larval stage — not just
in the first i mstar This adapts larvae for life in the headwaters of stneams where settled
food is more abundant than suspended food (Wood 1978 Currie and Craig 1987). Later
. instar larvae of Crozetia crozetensis Womersley, Simulium oviceps Edwards andS.
neoviceps Cralg all have heads that are snmlarly structured, but at least a few labral fan
rays are present in each of these species. Other characters mdlcate no close relatmnshxp
between any of these species and fanless prosimuliines. Suppre551on of the labral fans in
all larval instars has undoubtly been derived several times independently in simuliids.
In addition to the vcom‘pléte absence of labral fans in Second through final-instar -

larvae, there are a number of related modifications to the larval head of fanless

Prosimuliini. These are considered individually below. Apotypic states are illustrated in

figures 30 and 31; pleéiotypic states are illustrated in figures 32-34:
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a) Head widest near base, ovoid in dorsal view. — Head rather p:arallel-sided in
ot.her simuliids. :‘
b) Labrum elongate, terminating in a grea:ly pronounced pala:al brush. — Labrum ¥

shorter, with an mconspicuous palatal brush in other simuliids. | -
c) Eédysial line broadly V-shaped posteriorly. — Ecdysial line broadly U-shaped
posteriorly in most other simuliids; but broadly V-$haped in Crozetia, Simulium - *

oviceps, and S. neoviceps.

All of th figs are derived with resgect to to other simuliids, and comprise R
evidence of the. NB <y Of Levitinia, Twinnia, and Gymnopais (1), The

plesiotypic sta 4

Character 20. |

Head of larva with posterior frontglabral muscles (61) each divided into two |
fascicles. — In Simuliidae, as in other Culicomorpha, the posteq'orj frontolabral muscles
(61) are inserted anteriorly on the messors, and on'ginate_ po%t'qr‘iorly near the posterior
‘margin of the frontoclypeal apotome. Contractions of these muscles control the movement
of the labral fans. Anteriorly, the muscles are in the form of a smglc fasmcle postenorl‘y,
they are divided into 2 or more fascicles. Craig (1974) recogmzed two basic arrangements
in his study of the labrum of larval simuliids. In all fully-fanned simuliids examined, the
pos:ten'or frontolabral muscles (61) is divided into 3 fascicles posteriorly. The fanless
larvae of Twinnia and Cymnopais have only 2 fascicles posteriorly. This latter condition
has now been confirmed for Levitinia as well. The frontolabral muscle (61) of Dixidae is
é@mﬂar to the type of fanned simuliids'in that there are 3 fascicles posteriorly, and so 1 héve ‘
interpreted this condition as pn'miﬁve (0). Presence of only 2 fascicles must therefore be
derived (a loss), and can be taken as a synapotypy of tth: fanless Prosimuliini (1).

tom,

X
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Character 21,
" Head of larva with ventral fasczcles of postenor frontolabral muscles (61 ) not

znterdzgu‘ated — As d1scussed under character 20 abow- the poste'-inr frontolabral muscles

are each divided into 2 or more fascrcles postenorly Craig (1974) has shown that, in

t

- fanned simuliids, the _posterior fascicles of the right and left rnuscles \ : fully interdigitated.

fascicles do not 1nterd1g1tate postenorly I have confirmed this latter condition for th»mma

as well. - As discussed under character 16sin chapter 2, I have inte

. '

ted the mterdtgrtated
condition as a sﬁpotypy of Simuliidae (0) 'I'he condition in L2vitia, Twinnia, and
Gquopazs muist therefore be considered a revétsal toward the primitive conditon (1).

L

.,C-haracter;22 - - B S

M};ldzble of Iarva broad aplcally, with ﬂattened evenly szzed apzcal teeth. — The -

basxc form of the larval mandrble is very smular in Levitinia, Twznma and Gymnopals It .

. 1s relatlvely broad ap1cally, and bears a number of ﬂattened, more or less equally sized,

blade hke teeth (1) : 35 36) In most other sunulud larvae the mandlb is Tather more

slender aprcally, andhthe 'teeth are rrtore conical and pointed: Further, the teethnare of rath;

_ unequal length, with one tooth (the apxcal mandrbular tooth) baing the most promment (cf.

K3
N

ﬁg 27 of chapter 2). Out-group compa%son with other Cul1comorpha reveals that the latter
- -
cond1ton 1s primitive (0) Curne and Craig ( 1987) dlscuss 'hows the der1ved mandlble
adaprs larvae for scrapmg algae and other orgamc matter ﬂ'Om the substrate on which they
live. ' T . . . g '

. “ o . ) - : ‘\ N - .
RSN . > { 4 ’ .

S Character‘23 -q_'*. S L *\/ o

!
Mandzble of larva with apzcal brush extenszve consisting of numerous rows of

spine-like setae. — The larval mandible of simuliids has a series of rows of ﬂattened setae
. oy .

or bristles on the aboral or ventral surface — thé so-called apical mandibuilar brush (Craig

-

«

) 4-
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1977). Typically, the apical brush consists of slender setae that are arranged in several

rows immediately basad of the apical mandibular teeth (cf. fig. 21 of chapter 2). The type

of mandible found in Levitinia and Gymnopazs differs from thls basic plan in that the brush
-is much rnore extensxve basally, consisting of 7- lO or more rows of setae. Another ma]or
dlfferencc is that the setae are in the form of stout, conical, spine-like - outgrowths of cuticle'
(fig 36). Both of these features are clearly adaptations to scrapmg (Currie and Craig 1987),
and must be considered, deﬁvatiue. ‘ ‘ : 3
The apical mandibular brush of Twinnia larvéappears to be intermediate in form

between the two rypes d'escrvibed.above. I; has a distal row o'f% ord spine-like setae
(similar in form to the setae found in Levznma and Gymnopais), and an additional 3 or 4
'rows of slender, bnstle like' setae (sumlar in form the setae found in Uroszmdlzum see
character 12). Itig suggested later in this chapter that Levmrua is the sister taxon of
Twmma + Gymnopazs, and s0 1t seems possrble that the apparent 1ntermed1ate condltlon in
' Twmma is actually the a reversal from the form found in Levirinia'and Gymnopazs This
1s the mterpretahon followed in the present WOrk Character states area coded as follows

\' (0) apical brush consrstmg of long, fme setae (1) apical brush con51stmg of bnstle hke

setae; (2) apical brush con31st1ng of spme -like setae; 3 aprcal brush wrth spine- hke setae

' reduced

- Character 24. | . g L " \ B

,} - Mandzble of 1arva with ¢ .covermg f irst e.xternal- and- second external brushes L
reduced or lost — The 51muh1d larval mandxble typlcally possesses a serres of 4 Brushes
'that- serve to comb the labral fan the "couenng brush" the "aprcal brush”, the "ﬁxst o
extemal brush" and the second external brush’" (Chance 1970) (cf f1g ’}X- of chapter 2)
.In fanless Prosrrnulum the 4 brushes are elthéfmodrﬁed (see drscussron of character 23

above) or reduced: For example the- Iarva.l mandrble of Twmma has apparently Ikt the *

" covering- and second external- brushes and has the first external brush of shorter smaller

4

<
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bristles than found in ﬁlter-feeding la‘rvae (Chance loc. cit.). The larval mandibles of
Levmma and Gymnopals are similarly modlﬁed. The reduced or modified condmon of
mandlbular brushes 1s undoubtedly related to the loss of the labral fans (see discussion of ~
character 19). Presence of 4 well-developed mandibular brushes is (0), presence of
reduced or modified mandibular brushes is (1). |
‘Character 25.

Hypostoma of larva with teeth dorsoventrally flattened, blade like, and slightly

sclerotized; not mclmed dorsally. — Ihe larval hypostomae of Levitinia, Twinnia, and

Gymnopais dre all simiilar in that they bear an apical series of flattened, blade-like, sljghtly

sclerotized teeth (figs. 30, 31). Another dlstmcuve feature is that the teeth are all _

perpend.tcular to the vent:ral wall of the hypostoma Thrs type of hypostoma serves as a

~
"pan’ " into whrch algae and other organic matter is swept by the "broom hk% mandibles
(Cume and Cralg 1987) Although other larval 51muh1ds are capable of feedtng ina srmtlar

- fashion, their teeth are rather more corucal and pomted aplcally, and the 'nedlan tooth.is

¢t

. mclmed dorsally (ﬁgs 37 38). Asa consequence of this arrangement, the typlcal fanned

Tarva'is not able to browse as efﬁcrently as fanless larvae The "pan type of hypostoma is

cle)irly adapted for scrapmg, and can be considered a synapotypy of Levitinia, Twzuma,

and Gymnopazs . The only other prosunulune with a similar of arrangement is the larva
of }-Ielodon (Dzstoszmulzum) pleuralzs (ﬁg 39} However the medtan hypostomgl tooth of \
that specres is mchned dorsally, and/its nommal 51ster species, H. (Dzstoszmulzum) S
dazseteserms, has the typlcal hypostomal conﬁguratlon for Pr051muh1m It therefore seems
v cleas that the sunﬂanty 1s due to corrvergence and 1s not evrdence of a etose relatlonshlp
The "pan" type of hypostoma has ev1dent1y beenv evolved several times mdependently in
fanless members of Slmuhml (e g Crozetza Davieg, x'nembers of the Simulium ovzceps

, :
Edwards group). ' E : . - -



+Character 26.

Hypostoma of larva wnh medzan tooth relatively short, its apex not extended
anteriorly beyond apex of shortest lateral or sublateral tooth. — In larvae of fanless
Prosimuliini, the median hypostomal tooth is relatively short.compared to the lateral and
sublateral teeth, giving the hypostoma a concave appearance medially (figs. 30 31). In |
vlarvae of fanned Prosimuliini, the medjan tooth is typically longer than the one just
descnbed with its apex extended anteriorly beyond the apex of the shortest lateral or
sublateral tooth (fig. 37). Out-group companson with Parasimulium and Stmulum
1nd1cates that this latter state is ples10typ1c (0). The only other pr051muhmes with a short

_median tooth are members of Parahelodon and Distosimulium (figs. 38, 39) however

other differences in the hypostoma squ\gbests that this nught be an mdedendent mod1ﬁcatxon

the fanless prommuhmes .

uCharacter27 o et '

Ne 7

Postgenal clq’t rudzmentary or absent — I have argued prev1ously the postgenal

. e cleft isa constltuuve feature of members of Slmuhmae (see ¢ 'scussion Of.char_acter‘_SO frt -

chapter 2) ThlS feature of the larval head 1S present in mos

muljines, and'all fanned :

' 'proStmuhlnes W1th1n this Iatter group, the cleft is either mverted U-or V-shaped oris in

the form of a s’hallow subrectangular notckr(O) (flgs 32- 34) In fanless members of .

T ;medlally and posteromedxally, and the cut1cle of the posteroventral margm of the

-0

'headcapsule appears wrmkled 1 have suggested that the cleft has become lost from
members of the fanless Pr051mu11m1 and that the loss is conelated with loss’ of the labral
fans (1) (see discussion of character 50in chapter 2). The postgenal cleft has evxdently

become lost mdependently in members of the 51mu1nne genus Gigantodax (in part).

o , . 'xg‘fr

x .
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: Prosmrulum (l‘ e. Levmma Twmma Gymnopazs) the postgenae are COmpI et ely sclerouze d ; S
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Character ‘28 ’

| - Abdomen of larva with segments 1-4 narrow and ventrally "corrugated”, expanded
abruptly at segment S, and tapered posteriorly to a small posterior proleg — This type of.
abdomen which prov1des the flexibility necessary for the body to bend in a trght U-shape,

s an adaptatton of scrapmg simuliids (Currie and Craig 1987) ). It allows the browsmgv :

of a broad C-shaped (rather than a narrow U-shaped) area around the larva s point of. " * ‘
attachment The fanless larvae of Levitinia, Twmma and Gymnopazs all have this- type of : -:'"t
body form. The larval body of fanned prosimuliines is typically more evenly tapered !
postelnorly, and the abdomen is not-"corrugated"” ventrally (0). Further the post‘enor

P .
prole% is proportronally larger than in members of the ﬁanleu 'Prosimuliini. Although most'

fanned larvae occasionally resort fo browsmg, they cannot forage as efficiently at any given
point of attachment. Ev1dently, the denved body form has been evolved 1ndependently in

. fanless \members of Slmulnnu (Crozena Dav1es members of the Simulium ovicers

Edwards group) Lo ~

3

o

3.75, onophyly of Parahelodon +Distosimulium ‘ ‘o

Character31 & s S A o K : : RN

lgv l3) Ind d, the termmal plate of Dzstoszmullum females 8 SO large that it pro;ects
consprcuousl beyond the posterior margm of the hypogymal valves. In other Prosxmulum

females the rm of the genital fork is' typrcally rather broad, and the termmal plate is |

!
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comparatively small (i.e. never projecting poste?'orly beyond the posterior margin of the
hypogymal valves) (figs. 10, 11, 14, 15). Out-group comparison with Paraszmullum and
simuliine females indicates that this latter condition is prnmnve (0) The combmanon ofa"
slender arm and a greatly pronounced terminal plate must therefore be derived (1), and is

 -taken as evidence of the common ancestory of Parahelodon and Distosimuliuni.

fom

Charactef32. ~ < C
. o \

Medza?z sclertteof aedeagus wzth arms fused together aptcally — The median
”}’ sclente isa strap-hke ex@nswn of
’ 22) : It is arﬁﬁated medlobasally

' ';;_;, surface of the ventral plate (figs. 16-18, 2Q-
' plate, and projects'posterodo‘rsally asa
rrudventral support for a cone- like st i \3' that bears at 1ts apex the extensible gonopore

‘(W ood and Borkent 1982) Prumnvely, the medran sclente isaY- -shaped structure that has

its srmple end arnculated with the. ventral plate (0) (ﬁgs 16, 17, 21, 22) In Parasxmuhmae |

® -
, the sclerite is only shaﬂ&i&y notched apically, and this may\posmbly represent the .
[<:B
grOundplan condition for S1muh1dae In Sunulunae the arms are typlcally drstmetly
ad separated 'I'he medran sclente of Dzsz‘oszmulzum and Farahelodon defer from those of

o

' \1 % most othetts1mu1uds in. that the arms fused together aplcally (ﬁgs 18 20). However there

,,v

e still remams a vanably dasunct spaee or: groove between the two arms.- This condmon 1s.

1 ~

clearly unique among prosunulunes and is taken as evrde cg of the common ancestty'of
g §

: Dtstoszmulzum and Parahelodon (1)

w
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Chameerdse o T

| .. Paramere not conn:zcted 10 anterolateral apodeme of vemgf plate — In the 51muh1d
groundplan'the paramere is cennected to both the anterolateral apodeme of the ventral pIate

| and the anterodorsal rnargm of the gonocoxite (the gonocoxal apodeme) As discussed
under character 60 of chapter 2, the paramere is typlcally connected to the anterolateral

apodeme by a vanously srzed, scIerotlzed strap. - A long, distinct "strap like connecuon i«

\

Iz i . ( ' ’/



charactensnc of most male prosimuliines except Distosimulium Parahelodon and

- Levitinia (0) (figs 16, 17, 21, 22) The paramere in these latterrthree groups lacks any -

suggestion of a strap—hke connection with the anterolateral apodeme and they are instead

simply fused to the gonocoxal apodeme (1) (figs. 18, 20) Other characters suggest that

' the apotyp1c condmon has been derived twice in Prosrrnulnm once in Levitinia (character

L2

38), and once in Parahelqdon + Dlst0s1mu11um The parameral connectron has also been

lost 1ndependently from certain members of Sunulum

Character 34.

,Hypostomavwith median tooth relatively short, i@ apex not extended anteriorly

| beyond apex of shortest lateral or sublateral tooth. — The form of the ilarval hypostoma of
‘ Dzstoszmulzum and Parahelodon is drstmctwe among the fanned Prosimuliini. The median |

tooth is relatively short compared to the lateral and sublateral teeth, grvmg the hypostoma a

~ concave appearance medral]y (ﬁgs 38, 39). In other fanned prosrmulunes the medlan tooth

RS & typlcally longer than the one Jusadescnbed with its apex extended anterrorly beyond the

K _apex of the shortest lateral or sublateral tooth Indeed, the medlan hypostomal tooth of

Helodfm S.5tr. is typtcally the: longest'(ﬁg,37) In companson w1th other fanned f'

prosrmuhmes therefore a short medran hypostomal tooth 1s-c1early denved (1) A short o

medlan hypostomal tooth is also ev1dent irr the fanless prosrmuhmes (figs. 30, 31), and 50

it is posmble that the apotyptc state is indicative of a more inclusive monophyletlc group
44

. However there are other drfferen s in the hypostoma that rmght suggest mdedendent
T development of the denved condmon (see dlscussmn o%haracter 25) ‘For reasons | ,
' descnbed rnore fully bclow L have mterpreted the apotyplc state as bemg denved twice —

‘ 'once in Dzstoszmulmm + Parahelodon and once in the fanless prosunulunes
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; F lage&lium of antenna of 7 artzcle.s — Adults of Twmma and Gymnopazs are

' :~d.1sungu1shcd from most other Prosunulum by their 7-art1c1ed ﬂagellum (ﬁg 23) A 9-

- art1c1ed ﬂagellum is the most common condition in Prosxmuhmx, although 8- arucles

B ‘-,_A.bcharactenze isolated species [HeIodon (Parahelodon) decemarnculazus (Twmn),

| : Pros:mulzum unicum Twmn] A9- arucled flagellum has been mterpreted as the

groundplan condition for Slmulndae and so the lesser number must be con51dered

Lo denvattve in Twinnia and Gymnopais (see d1scu531on of character 2 in chapter 2). The

7

" Character 44. , ot ‘ : o

| _ only other prosunulune with a 7-articled flagellum is Helodon (Parahelodon ) glbsom

however other characters mdlcate that there i is no close relauonshlp between. this species

_ and Twinnia and Gymnopazrngha”,ctcr states are coded as follows: (0) ag- arucled

ﬂagellum (1) an 8-articled ﬂagellum (2) a 7-articled flagellum.

a

Stemmanc bulla near posterior margin of compound eye. — As already dlscussed
. “a \ .

(under rharacter 24 of dhapter 2, the stemmatlc bulla 1s a remnant of the larval eye (f1g 23)

A promment bulla apparently has been developed thce in Sunuhrdae —once m

. Paraszmulzum andonce n Twznma and Gymnopats (1\)/The pnrrutlve condmon in ¥

)

Tarsal claw of. female without basal or subbasal tooth — A tarsal claw with a

dlStht basal or subbasal tooth is presumed to be the groundplan condition for

o Prosunulum excluswe of Proszmulzum s.str. (see d1scu551on of character 10) (flg 27)

Such a condltton charactenzes the female of Levitinia, whrch has a tooth about 174 the tOtal

Ty

Slmulndae is for the the, stemmatlc bulla to be absent .. - T el
» o SRV . . : Coe e B
Character 45. R ' - :

A



L f-'female claw wrth basal tooth lost.

‘ length of the claw If Twmma and Gymnopazs share an imthediate common ancestor with
: Levmma (and all avallable information pomts to this conclusron), then absence ofa
subbasal tooth must be mterpreted as d loss (ﬁg 26). Character states are coded as

follows (D) female cl'aw sunple (1) femnale claw wrth a distipct basal or subbasal tooth; (2)

Character 46. ' ‘ %,3} ‘
‘ Segment3 of pupal abdomen ring-like, the terga and sterna of that segment fu.sed
together laterally. — Pupae of Twinniq and Gymnopai.g,’%r‘e unique among Prosimuliini in

' havmg the terg1te and sternite of abdominal segmen s e d together laterally (1) (figs. 6c,

6d). In all other prosimuliine pupae abdommal seg diVided laterally by pleural

membrane. This latter condrtron has- been mterpret of the prosimuliine
- groundplan and must be considered primitive (0). Fe;t : :‘of the prosimuliine pupal
‘pleuron have been consrdered In greater detall under the drscussmn of character 39. The’

eVolutronary tran;‘.'ormaﬂons discussed above are illustrated in ﬁgure 6.
| .*Cha-racter 47. © % , :

Terga 3 and 4 of pupal abdomen with recurved hook.s' reduced or lost, occupymg a

position between the mzddle of the tergum and its posterzor margin. — A charactensuc "

; feature sunulud pupae | 1s the presence of 4 pairs of antenorly dlrected hooks along the
v'posteno margm of cach of abdeminal tergmes 3 4nd 4. ‘This pattem is probably ba51c to"
. Pr051mu1um as suggested by 1ts presence in the followmg lmeages Proszmulzum Helodon ]
‘ .s lat., Uroszmulzum,and Levitinia (0) (ﬁgs 7a 7b). Twmma and G’ymnopazs pup;e can
be drstmgurshed from those of other Prosrmulum by presence of a maximum of 3 pairs of .
hooks per tergrte and instead of the hooks occupymg the postenor-most margin of the, "y

' tergrte as in most other Sunuludae , they are 51tuated between the middle and posterlor edge-

~ of the tergrte (figs 7c 7d). Thrs arrangement is clearly umque and is evrdence of the

. ¢

4
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monophyly of Twinnia + Gymnopals The tergal hooks of Gymnopaxs pupae ﬁ,less well
developed than they are in Twinnia pupae and Wood (1978) has supgested that they may
have become vestigial because there i is no"longér‘a cocoon for the hooks to be attached to.
s .~~~<j ~
Character 48. . ~ ' e
‘Terga 5-9 of pupal abdomen each without an ante;ior row of posteriorly directed
spines (= spine combs). — 'l'his is the third stage of a transformati'on,series that begins
with the complete pupal onchotaxy of Prosimulium ;str and ‘Helodon s.lat. '(Spine combs
on each of abdominal terga 4 - 9) (0) (fig. 7a). An mtermed1ate condmon charactertﬂs the :
pupa of Levxtzma which only has spine combs on terga 6 - 9 (1) (fig. 7b) If thlS latter
state is mterpreted as the groundplan condmon for the fanless prosunulunes then complete
- absence of spine combs from Twinnia and Gymnopais must be con51dered a further
"denved state (2) (figs. 7c 7d). The transformatrons discussed above are considered in |

greater detail under character 18.

' Character 49.
. Anal sclerite with posteroventral arms rudimentary or absent. — The Y-shaped . ,F
" anal sclerites of Twinnia and Gymnopais larvae are distinguished by the rudtmentary L
h appearance of the posterovenlral arms They are either lacking enttrely, or are represgnted
- bya short protuberance on etther 31de of the stem near the ba (f1g 9d) As dlscussed"’”i"R
' '.”._‘under character 13 the posterovenu'al arms are- presumed to be well developed inthe =~ ~ ; :

Pros1mu111n1 groundplan (0) (figs 9a—9b) The rud1mentary form of the posteroventral

o arms must therefore be the result of reductlon or loss, and thus 1S evxdence of the common ' f

'ancestry of Twinnia and Gymnopazs (1). Larvae of Helodon (Parahelodgn) . 4
decemarnculatus and H. (P.) gzbsoru evrdently have lost both the anterodorsal and
' posterovenu'al arms of the anal sclente (resultmg ina subrectangular—shaped sclerite), but ’

there is no evidence to suggest that. tlns i$in any way homologous with the arrangement



found in Twinnia and Gymnopais. Indeed, thc most plesmtypxc spccms of H.
| (Parahelodon) has the hypothesized pmmtvc type of anal sclerite for Prosimuliini (ﬁgs 5.
9a).

Character 50. |

Anal sclerite with anterodorsal arms borne on an elongate common stalk (= median
sclerite), resulting in a Y-shaped structure. — The Y-shaped appearance of the anal
sclerites of Twinnia and'Gymnopais is largely owing to the form of the median sclerite.
The median sclerite typically is in thc. form of a rec'tangular- or subrectangular—shapcd plate
that gives rise to the anterodorsal and posterovemral arms (figs. 9a, 9b) (0). In Twinnia
and Gymnopazs larvae, the median sclerite is con51derab1y narrower and longer than the
' ones found in other Prosimuliini, with the effect of displacing the anterodorsal arms
anteriorly (fig. 9d). No other simuliid that I am aware of has the anterodorsal arms situated
so far antenorly Combined with the rud1mentary form of the the posterodorsal arms (see
dlscussmn of character 49 above), the: anal sclerite appears Y-shaped in dorsal view. This
arrangement is clcarly unique, and is strong evidence of. the monophyly of Twinnia +

Gymnopazs (1)
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3.7.7 Summary

Monophyl_;; of genus-groups of Prosimuliini

Analysis of external structural characters, mcludmg features of the male and female

terrmna.ha, pr0v1des evidence' of the monophyly of the eight genus-group taxa recognized in o

-

Prosimuliini: Proszmulzum Roubaud, HeIodon Enderlem Parahelodon Peterson @
e e Dzstoszmulzum Peterson Urosimulium Contini, Levitinia Chubareva & Petrova, Twmma
. | 'Stone & Jamnback Gymnopazs Stone. Monophyly“in each instance is supported by 2or
more hypothesrzed synapotypies, of wh1ch at least one is apparently autapotyplc Because
- .of homoplasy, the monophyly of Helodon Temains tenuous — at least as defined by
- structural characters. o o o _ o \.s

Cytologlcal information prov1des evidence of the monophyly of five geﬂﬂS{W\,/

)

recognized in Prosimuliini viz. Helodon, Parahelodon, Dzstoszmullum Twmnla .and

Gymnopazs (Rothfels 1979). Levitinia and Urosimulium are known cytologically from

only one species each, and so hypotheses about monophyly are derived from structural

characters alone. The cytologrcal u'ansformau n series of Proszmulzum s.str. shows that
Sy

‘, five major hneages can be derived mdependentl from the same standard sequence — the

hypothencal ‘Prosimulium standard" (Rothfels loc cit., fig. 4) This same standard

~sequence gives rise to the "Helodon stand ich Ty turn gives rise to all the other
genus groups of Prosimuliini. There is thus no single‘cytological feature that defines
Prosimulium s.str. , exclusive of all other Prosimuliini. However, the monophyly of
Prosimulium is clearly supported by four hypothesrzed structural synapotyples described _

under characters 6 - 9 \'

[
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| " 267. ﬁ
This combination of morphological and cytological mformatron makes possible a % |

reevaluatxon of curnently held notions about prosimuliine genus group definitions. Of all
the definitions currently in use, Peterson'’s (1970, 1981) concept of Nearctic genus groups

> mcluded in Prosimuliini most closely approximates the system adopted here, based on the
world fauna Most concepts of Helodon s. str. and Proszmulzum s.str. have proven
difficult to define — at least ﬁ inferred from the assemblages of species prevrously
included under those names. In a system based on monophyletic lineages, males, females
and larv:e of all genus groups are readily drsungurshed. Pupae lack features that permit
characterization of all genus groups, with only the segregates Gymnopais, Twinnia and .

L]

Levitinia being drstmgulshed reliably in that stage.

‘Relationships among genug-group taxa of Prosimuliini °

booe ' ‘ o ' . &
Analysis of su'ucmral characters alone does not fully resolne phylogenetic
_ relatronshlps among the eight genus-group taxa included in Prosrmulum (fig. 1) The basrc .
topology of the cladogram was generated usmg structural characters, which in turn
provided the mformatxon necessary to "root’, the cytol’ogical nansformation series of
Rothfels (1979) (fig. 2). This combination of morphological and cytological inforrnation
was instrumental in reconstrut:ting the phytogeny of the prosimuliine genera in figure 3.
The hypothesxs of a close relatronshrp among the fanless prosﬁnuhme genera is
almost universally agreed upon. Gymnopais and Twinnia have lpng been recognized as
v shanng an unmedlate common ancestry (e.g. Wood 1978), and the recently described |
Xevztmza has been attributed to that hne as well (Chubareva & Petrova 1981, Beaucoumu-

Saguez & Braverman 1987).. Uemoto (1980) disrrlisses similarities between Gymno\pais '

i_“.‘ .-
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~and Twmma as the result of convergence, an‘d ranks the lattcr as a subgenys of
B Proszmu?xum s. Iat whrle reta.mmg Gymnopazs as a separate genus Howev,er his

) .
conclusrons are based on the assumpuon that Gymnapazs is the most pnrmtrve

.-

prosunuhme and most of the features hsted in common w1th Twmma and Proszmulzum are

-\s,tnct_ly'symplesrotyplc, o B ' - S

d ®

| Twelve hypothesized synapotypres (characters 17- 28) support the monophyly of
" the fanless Pros1mulnn1 Levitinia has been compared to both Gymnopaxs and Twinnia,
but no defimte conclusions about the relauonshrps of these three genera have yet been
adduced. Evidence presented here suggests that Levznma is the 31ster taxon of Gymnopazs
| and Twinnia together The monophyly of this latter clade is supported by elght .
hypothesized synapotypies (characters 43 - 50). Two characters suggest a close °
relationship between Levitinia and Gymrtopais namely', lack of a connection between the
terminal plate of the genital fork (= sternum 9) and tergum 9, and presence on the
: ."anteroventral surface of the larval mandrble of aseries of rows of spme -like scales (— aplcal |
;mandrbu.lar brush) However sheer weight of charafters suggests that the fust mentioned
hypothesrs is to-be favored. Lack ofa connectron between the prgum and stemum of -
segment 9%s a regressive feature, and 1s therefore not convincing as a phylogenetrc
indicator. Shared presence of numerous rows of spine-like scales on the larval mandible is
more problematlc as no Such feature is ev1dent in any other s1mulud. I have suggested

under the discussion of characters 63 and 64 that the form of the larval mandible i is unique

: 'm Twmma and that the anteroventral margm of that structure is probably not brought into

o e

_contact w1th the substrate (asitis in Gymnopazs ‘and presumably Levmnza as well) It
seems possible therefore that spine-like scales are in the groundplan of the entire clade,
-wrth subsequent loss or reducnon in Twinnia. A single row of 3 or 4 spine- 11ke scales on

the Twmma larval mandible lends credence to this hypothesrs
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Cytologrcal mfonnauon conﬁmis the’ monophyly of Levmma, Twzmua anﬁ
'-?:_ .Gymnopazs but apparently docs not prOV1de the resolutlorr necessary to determme o
: mtérreladoit)shlps among these segregates (Chubareva and Petrova 1981) These authors :

/ .
suggest that Levirinia occuples an "mtermedrate" posrtlon between Gymnopazs and .,

i
Twinnia, but farled to elaborate further Unfortunately, ther chromosome map pubhshed in

j that wﬁrk 1s.not of sufficiently high quahty to draw any meanmgful compansons with ~  »

- chrothosome maps prepared for Gymnopazs and Twmma (Rothfels, persona.l
commumcaUOn) A parually resolved cytologrcal transformanon senes of N earcttc specxes v

' of Gymnopais and Twmma and the relatlonshrp of these specres tq other Prosunulum has

been pubhshed by Rothfels (1979)

« . . v .‘|

The monophyly of Helodon s.lat. remains unsupported by extemal structural )
synapotypxes although the overall close relationship between mcluded genus groups
_ (Helodon s.str., Parahelodon, Dzstos:mulzurﬁ) has not been quesuoned Most oﬁ the
' sumlarmes used suggest relauonshlps are apparently symplesrotyp1c and cannot be |
accepted ina cladrstxc system Evidence for the monophyly of Helodon s lat. is therefore
based on purely cytologxcal grounds. Members of Helodon S. lag are defined by havmg
. "‘fixed mversrons IHL 1 and lxIIS and ﬂoatmg inversion IHS 3 (Rothfels & Freeman
5 1966, Rothfels 1979) (fig.2. . .

If cytologrcal mformat10n is accepted as ev1dence of the monophyly of Helodon
s.lat. (and all. available information mdlcates that chromosomal information is a powerful
mdlcator of relatronshlp) this prov1des the ba51s for more fully resolving relationships

- among mcluded genus groups There is.a well supported srster group. relatronshxp between
| Parahelodon and Distosimulium, based on four hypothesrzed synapotypres (characters 31-
34) and these two aggregates: together are hypothe51zed to be the sister group of Helodon
's ser. This set of relauonshrps is fully corroborated by chromosomal evrdence (Rothfels

" loc. cit.) (fig. 2) The arrangement of hypostomal teeth in larvae of Parahelodon and’
L3 B
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Dfstosunulmm is similar to the condmon in fanless prosimuliines (Levxnma, Twznma, :

. Gymnopazs) The medJan hypostomal tooth i both groups is charactenstlcally very short,

| w1th 1ts ‘apex not extended antenorly beyond the : apex of the shortest lateral or sublateial

tooth. Although tlus state is hypotl1e51zed to be apotyplc for Prosunulum there is httle

evidence to suggest a close relationship between the fanless black ﬂles and Parahelodonv-t-' .

| Dl‘stosirhuliwn 'q-le hypostomae of fanless black flies have an array of specrahzauons that

- adapts them for scrapmg algae-afd other organic matter from the substrate, and are readily
’dlsttgmshable from the hypostomae of other Prosrmulnm (see characters 25 and 26) It

| therefore seems possrble that a short medran tooth has been evolvedgndependently at least. ‘

: tw1ce m‘Prosunulum |

The foregomg drscussron has established that two maJor monophyletrc groups can -

 be recogmzed within Pnosrmulum — the fanless Prosunulunr (Levztzitza + Twinnia +

Gymnopazs), and Helodon s. Iat (Helodon s. str + Parahelodon + Dzstoszmulzum) What

\

is the relat.lonshrp of these two lineages to each othen and to the rernalmng two genus-
’ groups of Pros1mulum (Proszmultwn Uroszmulzum)" Ewdence presented under the

drscuss1on of character 10 suggests that presence of a- dlsunct‘basal or subbasal tooth onthe ‘

‘female tarsal claw is a groundplan apotypy of the fanless: Prosrmulum + Helodon s. lat el

However, the character is subject to homoplasy, apparently havmg been evolved and lost .
several times 1ndependently in Simuliidaé. Indeed if a toothed female eslaw is ascribed to

the groundplan of the fanless Prosrmulum + Helodon . lat then the’%ondltlon must have
been lost at least} twice in that clade —once in Twinnia + Gymnopazs and one or more

" times in Helodon s.str. (relationships among;of Helodon S.Str. specres are ,not well enough K
resolved to determme how many times’ the tooth has been lost in that lmeage) However, - .
as 1nd1cated by Shewe_llr( 1955,1958), the toothed claw seems to havesgroup srgmﬁTance,
apparently being related to the ornithophilic habit of adult feﬁes. Females that have
re’verte'_d to blood feeding upon mammals (Twinnia in part), or that have become

-
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autogenous (Gymnopaxs Twmrua in part, Helodon in part), are apparently subject to-

‘_-loSmgthetootﬂedcondmon “ . / B "" R Vo

S

Although the monophyly of the fanless Prosrmuhmr + Helodon s.lat. 1} only - .

weakly supported by structural characters there is sn'ong cytologrcal evidence to 1nd1cate

' the recent common ancestory of these two hneages "Helodon standard”, the hypothetrcal ,

4, .
central sequence from wh1ch both hneages are denved, is chstingurshed from "Proszmulzum

) standard" by fixed inversion’ IHS-2 and by floating inversion TIIS-3 (ﬁg 2)

Furthermore ‘members for Wthh cytologrcal information is available all share a basic -

AR

mversron in II[L (Rothfels and Freeman 1966, Rothfels 1979)

The monophyly of the largest single clade of ProsunuI(um Prosimuium s.str., is -

strongly supported by four hypothesized synapotyples (characters 6 -9). Three of the four

: synapotypres are unique among Prosrmulunr with one of these (character 9) being umque

- among Srmulndae Because females of Proszmulzum S5.Str: lack a basal or subbasal tooth

on their tarsal claw and none are knowh to- blood feed upon blrds itis suggested that this

monophyletlc assemblage forms the sister taxon of all other Prosimuliini.. Unfortunately,

: cytolog1ca1 mformatron does not provrde a single common inversion that could be

construed as a synapotypy of Prosimulium s.str. Instead the Prosz‘mulium standard

sequerice is shown to give. rise to ﬁve 1ndependently deand lmeages of Proszmulzum s.lat.

‘ \«

| ‘(and also to the Helodon standard, which ultlmately glves rise to all otherJProsrmulum

:cytologlc’ally exarmned)(cf Rothfels 1979 fig. 4). Cytological mformatlon by itself -

nieither corroborates nor. refutes the hypothes1s of a sister- group relatronshlp between

Proszmulzum and all other Prosunuhm1 However if we accept the four extemal structural

' -synapotypres as strong phylogenehc evrdence and join together the cytologically

1ndependently" denved lmeages of Prosimulium s.str., the resultin g "rooted"
cytophylogeny shows a c’;lear sister group relatmnshlp between that taxon and all other

Pr031mu1un1.

7
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The only genus group that has not been cpnsrdered so faris the emgmat1c
Urosimulium. Relationships of thrs well-defincd monophyletrc assemblge (characters 14 -
16) have remained unresolved since.its drscovery in 1963 Rothfels (1979) suggested that
there mrght be cytologrc;al grounds for 1nclud1ng Urostmulzum stefanii (= aculeatum
Rrvosecchr) among the Palaearctic Présimulium s. str:"hirtipes group The problem wrth ’
this interpretation is that Urosimulium shares none of the apotyples hypothesrzed for .
Prosimulium, and mstead has the smgle structural apotypy hypothesrzed for Prosrmulum | .
exclusrve of Pros:mulzum Ican only assume that Rothfels comclusrons are basedona

survey of chromosomal maps provrded by Fnzzx et al. (1970), which are msuffrcrently

-~ clear to draw any definite conclusrons about the relationships of Urosimulium (P. H

Adler personal commumcatron)

3

el Based on over all phenetic similarities it is tempting to include Urosimulium among

members of Helodon s.lat. However, as indicated above, there are no apparent structural
characters that can be interpreted aa synapotyby of'that lineage (either with or without.

Urosimulium). In the absence of convincing cytologrcal mformanon the hypothesis of a .

close relatronshrp between Urosimulium and Helodon s.lat. can not be rejected solely on

the basrs of lack of shared structural apotypies. Apparent'stnkmg drfferences between the

" immature stages of Urosimulium and the fanless Prosrmulum mrght inhibit some from

<k

. suggesting a close rclat10nsh1p between these two groups. Nevertheless, characters 12 13

are here proposed as as possible synapotypres Shared presence of a modified aprcal brush
(character 12) i 1s a tenuous synapotypy because features of the larvalt mandrble have not
been widely surveyed in Prosimuliini. The other hypothesized synapotypy, presence of &
supemumerary arm projecting posterrorly from the anal sclente (character 13), seems ‘more
promising, but I have had to draw some of my conclusmns from illustrations in the

literature (Contini 1963, 1966; Rivosecchi 19_63, Bernardv_ft al. 1972). Th_'e.hypothesis of
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- on the hypothes1zed relatlonshtps

L R X Classification.

e X . : . ' X
v o ‘ .
; . B .
: 2
‘.

’ »
The monophyly and 51ster-group relattonshlps of Pfosunulum genus groups is

_ reasonably well estabhshed based on structural grounds Cytologlcal 1nformat10n

'corroborates most of the hypothe51zcd relattonsh1ps and provrdes resolutlon of what
A

would otherwxse have remamed an unresolved tnchotomy in Prosxmulum excluswe of
b

'Proszmulzum .S, Gtven the close agreement between morphologlcally- and cytologrcally-

_ denved cladograms, it seems desxrable to forward a reclassrﬁcanon of Prosunulum based

¢
T

- There has not been a serious attempt to class1fy Stmulndae based on a.

comprehensrve hypothesxs of phylogeneuc relauonshrp Desp1te claJms to the contrary

Rubtsov's (1974) class1ficat10n is really not founded on phylogenettc relattonshap at all., but

is rather a compilation of branchmg d1agrams 1llusu'at1ng preconceived notlons about

) relatlonshlp As in most systems proposed to date genera or groups of genera are

4 .
arranged accordmg to percetved morpholog1cal dtscontmumes between them. 'I'hus

relatively aberrant groups of specxes ‘such as those'belongmg to the fanless Prostmulnm ‘
are accorded relat1vely high taxonomlc rank, desptte the fact they belong to the most
dertvauve lmeage of Prosimuliini. In a phylogenetlc system such spec1es could ‘be ranked _

only at the level of other segregates in that clade (Wood 1978) Accordtngly, dtstantly

_ related spec1es nught be mcluded in the same segregate because they look sumlar on

overall ba.lanceokaracters The problem with v1ewmg all character states sunultaneously
(and with equal we;ght) is that the majonty are pleswtyptc and cannot be rehed upon to

dernonstrate telattonshlp Clasmﬁcahons based on a dtalectlcal or non~clad1st1c approach to

' systemat cs are less 1nformat1ve than ones based on cladlsnc relattOnsths because (a) they

¢
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do not accurately reﬂect mlauonshrps among mcluded segregates, and (b) 'often recogniZe_

non monophyletlc assemblages of specxes ST ‘ T 4

wh
\\,

In formulaung a classxﬁcauon of Prosrmulum one must take into account drfferent
phrlosophres concermng the rankmg of supraspecrﬁc aggregates Rubtsov's (1974) system
' .recogmzes a large number of relatlvely small genera, wh@as Crosskey $ (1981 1987)
classifications recogrpze fewer, larger, genera, of which the largest are divided into a
| number of subgenera. If a classification of Simuliidae is to be balanced relative to other
. Diptera, and in partrcular with other families of Cuhcomorpha, itis clear that. a conservative
: approach 1s to be: favored ¥his is partlcularly true if the structural homogeneity of black |

flies is to be taken mto con51derauon

One possrble approach would be to recogmze only a single genus in Pr051mu1um
namely, Proszmulzum Roubaud. The eight genus groups could then all be ranked at the
subgenenc level 'I‘he problems wrth this approach are (a) there is no mdrcatton about how -
~ the subgenera are related tp one another, and (b), as already 1nd1cated by Wood (1978)

: phenetlc dlfferences between the fanless black flies and other Prosunuhmr would 1nh1b1t

many workers from rankmg these segregates as subgenera of Proszmulmm The insistence
of many workers that members of the fanless Prosimuliini should be accorded an espemally

h1gh rank 1s not entlrely Justlﬁed Flrst mstar Iarvae of Pros1mu111m are all effect1Vely

fanless, and the vanous genus groups that have been examined are v1rtually P | o
" mdrsngurshable in that stage (Cralg l974) Unlike other s1muluds that have well developedt‘ @
fans in the ﬁrst mstar the prosrmulune fan (when present) does not become expressed untxl
the second instar; The apparently aberrant condmon of larvae of Levitinia, Twmma and :
Gymnopazs 1s no more than neotemc retentron of the fanless state through second- and later- v
| | mstars (Wood 1978) Recent dlscovery of adults and pupae of Levitinia reduces even o

' »further the apparent drsnnctrveness of members of that clade Levztmza adults are even

" more smular to Proszmulzum s. lat than to Twmma adults, and so the "gap" between the«
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~ fanless black flies and other prosunuhmes is lessened further st111 Should Urosimulium
eventually prove to be the well-corroborated srster taxon of the fanless black flies, I suggest
that there would be no srgmficant structural gap, and that it would be impossible justify the
specral status tradmonally given to members of th_ group Itis mterestmg to note that it has .
- not been found necessary to give spec1a1 status to the fanless Tahman srmuluds (oviceps
Edwards, neovzceps Craig), which have been mcluded w1th thelr fanned relatives in the

Simulium subgenus Inselzellum Rubtsov (Cran 1987).

r

These comments not w1thstand1ng, I have attempted to adopt a classrﬁcatxon '
‘acceptable to the largest number of workers, but reﬂectmg phylogenettc relat10nsh1ps as .
| mdrcated in ﬁgure 3. The problem w1th thrs approach is that a larger number of genera W1ll
- 'have to be recognized in what is otherw13e an extremely homogeneous assemblage of black

flies. Levmma Twinnia, and Gymnopars are all ranked at the generic level as are the

S .segregates Proszmulzum s.str. and Urosimulium. Helodon s.str., Parahelodon and

- Distosimulium are all ranked as subgenera of Helodon s. lat in accordance wrth the
opinion of Rothfels (1979) that they are cytologrcally denved from an immediate common ‘
_ ancestor. With the possible exceptions of Helodon s.lat. and >P.r0simu1ium s.str., the
generic concepts proposed In the present work are widely used already. In many respects

it bndges the gap between the two systems currently n use (Rubtsov 1974, Crosskey
© 1981, 1987) . |

~. .

Although there are sufficient grounds\for ‘unitin-g the fanless Prosimuliini into a
‘single genus (Gymnopats) I beheve that most workers prefer to ‘maintain Levitinia and
Twinnia as separate genera (Wood 1978 Crosskey 1981, 1987) Urésimulium will have :
to be ranked as a full genus as long as the hypothesis of a srster group relatlonshrp with the
fanless Pxosunulum is upheld Future work may posslbly reveal that Uroszmullum is best
: assrgned to Helodon s.lat.. whereupon it should be relegated to that genus in subgenenc

status. The genus Prosimulium is the large segregate of Pr051mu111n1 con51st1ng of a

<
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number of clearly-dcﬁned, monophylcuc lineages (Rothfels 1979) Howcver therc may

‘not be sufﬁc1ent struCtural deferencc between members of these hncages to warrent thelr '

subgencnc recogmtlon This 1s an area requmng further study

Appcndlx li isa hst of the world spec1es of Pros‘.muliim' arranged under the system .

descnbed above
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39 Zo}ogeogra‘phie Considerations

s, -

Present—day dxstnbutlonal patterns of Prosunulum genus groups are , jn. '

N
themselves, not sufficiently Lilurmnatmg to undertak; a comprehenswe zoogeographical

-

analysis. Sunply not enough is known about relationships within each of the lineages to
~_determine p0531b1e geographical sources of ongm, and subsequent vmanant events:or
routes of: dlspersal Comments are therefore restncted to general observatrons about

- ;' present day patterns

The fapless prosimuliines are widely distributed in the Holarctic region, although
the majority are situated in the eastern PalaearCtic region The genus‘Le\iitirzt‘a whicﬁh is”
hypothesxzed to be the most plesiotypic member of fanless Prosimuliini, is apparently the

most restncted in tenns of its known range However, Levmma has been known to

, | sc1ence only dunng the present decade, and soitis p0551b1e that extralimital records will be

o d1scovered The two described spemes Levitinia frexdbergz and L. tacobz are known from

' mountamous areas of Israel (Golan Heights) and Tadzhlklstan (U SSR Pamir Mountams)
‘ respectlvely This is suggestwe of a rehct d1$tnbut10n because there are no apé nt
similarities between the faunas of these two regions. Perhaps the genus was ‘once more

| widely distributed in rnountmns_ of,the southern Palaearct1c region.

Members of Gyrnncpais are, distributed farther:east than Levitinia, their western-

- most hrmts be‘mg the the Alta1 mountams of western Slbena In effect, the T1en Shan
Mounuans seem to form a barner between Gymnopals and Levmnza for I am aware of no
: records of either segre\g'ate from that reglon Whether thrs "barﬁer" is real, or is merely a -

. collectmg artifact, cannot be determmed gwen present ev1dence There are,no apparent

- bamers between the Pamlrs and Qe Tien Shan mountams and so one rmght expect to fmd

‘ ' _ ‘1 278
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_L.evitinia in:the latter region as well. Perhaps it is the dry steppe corridors (Dzungarian., -
. Gates) betwcen the Tlen Shan and Alta1 mountams that serve as a pysent-day bamer

A

From- the Alta1 Gymnopazs specres are widely encountered in mountamous regions
of Asia, east to Kamtchatka. The most southerly record known to me is from anorye
presuxnably from the chhote Ahn mountams north of Vladivostok (~44°N) (Bodrova
1975). The northern limit of Palaearcttc Gymnopais is unknown to me, although I would »
‘:—Aexpect' that species would be found in the Chukchi peninsula (= Beringia i_n part).

The five endermc Nearctrc species of Gymnopais are centered mamly in unglacrated
regions of Alaska and the Yukon Temtory (= Beringia, in part) Three of these spec1es are
bisexual, and have apparantly been unable to dlsperse out of Benngra followmg retreat of
Wxsconsmm ice (Wood 1978). The two other species, both parthenqgenetrc (Rothfels '

. .1979), are much more widely distributed than their sexual counterparts One of these

‘specxes G. holoptzcozdes Wood, is distributed from Beringia east acrOss the southem arctic
tslands to Labrador; the other species, G. dzchopncozdes Wood is drstnbuted from . _

| Benngla south along the Rocky Mountians to southem Alberta Perhaps their freedom -
from the neccessxty to mate permitted the parthenogenetxc form.s to dtsperse more easily o

‘ than thelr sexual relatlves

Ihavc suggested that water courses formed between the retreatmg ice sheets may
~ have prov1ded aroute by Wthh the parthenogenetic forms could have obtamed their’
| present-day distribution (Currie, unpubhshed) Adults of nelther spec1es are capable of
_ ~ﬂ1ght, and so it seems more hkely that dtspersal was effected in the larval stage In the
north I have hypothesrzed that G. holopticoides has dtspersed along water courses that

. "\\
must have formed between the Inuitian ice sheet11 and the northern edge of Laurentrde ice.

11England (1976) suggested that arctrc icé was not coalesced 1nto asingle large ice sheet,

but was rather compnsed of a number of smaller caps of ice, each of which were centred



» . ' 280

This rmght explam why such a poorly drspersmg black ﬂy is presently located on Vlctona
| and Banks Islands (both of whrch are presently W1de1y separated from the adjacent

mamland) In the south I h:tve hypothesized that G. dzclzopncozdes d1spersed along
| watercourses that must have formed between the Cordtlleran ice sheet and the western edge )
of Laurenude ice. An ice- free corndor between the two ice sheets i is lcnown to have
: per51sted along the front ranges of the Canad1an Rocky Mountains during late W1sconsm1n
times (Matthews 1979Y. This corndor ongmated 1n Bermgla, and extended ever farther ‘
south as the climdte amehorated This would have provided a route by Wthh larvae could
have dispersed easily. Itis 1nterest1ng to note that the most southerly representatlves of G.
dzchopncozdes are either resfncted to streams that ongma te at the bases of glaciers (actually

Aremnants of Wlscons1mn ice), or to headwaters. of permanent, hrgh alpine streams
(personal observatlon) ' ® ', o o S
: o ‘o
To test'the hypothesis that G. dichopticoides could have achié‘ved their southern .
limit viaa Rocky Mountain front-range corridor, I examined a number of suitable habitats
west of the Rocky Mountains. By sultable I mean water courses that take their sources
from areas of - permanent or serm-permanent ice, such as glaciers. The hypothe31s would be

_.faISIﬁed if any population of Gymnopais were found in the mtenorranges of Brmsh
Columbla Glacial streams in the following mountain ranges were exammed foc the-

- presence of Gymnopazs Canboo Mountains, Selkirk Mountams Purcell Mountams and
southern Coast Mountains. Since none of the numerous streams sampled yielded any @ ‘, L
specunens of G. dzchopncozdes (nor any other member of that genus) I was unable to

refute the hypothesis of a Rocky Mountam front—range dlspersal route durmg late

Wisconsinin imes. . R -
. i . , A

. on mdrvrdual arctic 1s1ands Either model of ice dlstnbutron can be used to explain the

presence of postglacxal water courses between the northern malnland and the Canadxan

arctic archrpelago i
: <
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‘The third genus of fanless Prosixnuliirri, Twinnia, is widely distributecl througl;out
the northemeorests of Eurasia and North America. Unlike members of Gymnopazs and
Levitinia, specres of Twinnia are not restncted to high elevatron- or high latitude
environments. Instead, apparently they require only thé type of condmor}that gwe rise to
permanent or semi—permanent springs (typically hilly or high relief terrain) (Wood 1§78).
‘Relationships between the described species are so inadequately understood thatitis
- impossible to discuss present-day drstnbutrons 1n a zoogeographic framevgrk Itis
.' worthy to note, however, that there seems to be an afﬁmty between some of the Japanese

A species (esp. T. Japonenszs Rubtsov), and those occurrmg in westem North America (T.

nova (Dyar & Shannon), T. hzrtrcorms Wood). B ' o

The three fanless genera of Prosrmulum are effectively allopatric in their o
drstrrbutron Both species of Levitinia are geographically well removed from their nearest
relatives i in Gymnopazs and Twznnza :Members of these latter two genera, although
occupymg the same gross geographical regions of the Holarctic, are clearly separated

altltudrnally where they occur together (W ood 1978 personal observatron)

Members of the genus Uroszmulzum have One of the mpst mmgulng distributions -

| --'bamong Prosimuliini. Included spec1es are apparently nestncted to only a few, hrgh -

S .,'elevanonal localities in the western Mediterranean. In the absence of any records of

- Uroszmulzum from the mountains of Spain, I can mterpret therr present~day distribution
only as bemg relict. The mountams?m whrch they now hve either formed part of the shores
of or were islands in, the Tethys sea. Perhaps we are now left with a few surv1v1ng relicts

of what was once a more wide- -spread and drverse assemblage

In Section 3.7.3 on relauonshrps among genus-group taxa, I suggested that there
may be a srster—group relauonshrp between Uroszmulzum and the fanless prosunulunes If

the hypothesized set of relatronshrps are .ccepted as d1agrammed in fig. 3, and if the genera
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 are substituted for the areas in which they occur, then an "area cladogram” can be generated
(;.g. Rosen 1976). The resulting area cladogram suggests thﬁ%he progem'tor of the
assemblage'might have originated in the westerp Palaéarctic region 'and that diversiﬁcatiort

- into various lmeages has occurred farther east. Hence, the most plesmtyplc member of the .
lineage (Urosxmulmm) is cenued in the westem Medlterranean, followed by the next most~ v
plesiotypic lineage (Levmma) in the Middle East and Soviet central A51a, followed by the

* more derivative lineages (Twinnia and Gymnopais) centered in the northern forests and far-

eastern mountains respectively.

The generahty of an area cladogram can be exarr\med by companson with other
unrelated groups endemic to the areas under consideration (Humphnes and Parenti 1986)
Corroboration of a parucular pattern might lead eventually to.a general statement about the
 relative recent ancestry of the thiotas under consideration. No other taxa that I am aware of |
sho»s' the same pattern as described above, .and so the utility of the area cladograrn at least
insofar as prov1d1ng a well corroborated series of vicariance hypotheses is no}z realized in
this mstance Extinction, dispersal of w1despread taxa, and restricted distrib trons of

taxonomic groups may | all lead to 1ncongruence in the general area cladog (Humphnes
- and Parentt loczir.). Simuliids have tremendous dispersal capablhtres and I'have already
suggested that d.tstnhutton of some of the genera under consrderatnon 18 rehct. It is possrble

therefore that black ﬂies.are not useful Mels for this type of investigation.

*

Members of the genus Helodon s.lat. are widely distributed throughout the -
Holarctlc reglon As with-most other:Prosimuliini, patterns attributable to v1car1ance may
be obscured by the fact that adults are generally strong ﬂyers Moreover, females of this
segregate typically possess a distinct basal or\s_xbbasal tooth on the tarsal cl_aw_, which is an
adaptatior. for clinging to the plumage of-their avian hosts. The i;ossibility- that gravrd
females have been carried long distances cannot be drsrrussed Helodon (Parahelodon)

members comprise the most narrowly dtstnbuted segregate occurring only in the northern

(
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forests of the Nearctic region; Helodon (Distosini#lium) membess also have a
‘, transconnncntal distribution-in North Amenca, but are. also known from J apan. By far the
’ \largcst- and most wide spread segregatc is Helodon s.str., whxch occurs throughout the
Pa.laearcm:- and western Nearctic regions. This latter group has an inten:sting distn'bution‘ .
masmuch as the single largest concentranon of described specms is in beena There is an
' apparcnt large d15_1unct10n between the Slbcnan spcc1es, and those occurrmg in thc western
. Palaearctic region vzz H. rufus (Meigen) (Scandmavm northwestern USSR), H
maruashwlz (Machavariani) (T ranscaucasm) and H. laamu (Beaucoumu-Saguez & Bailly-
Choumara) (Morocco). If th1s s truely md1cat1vc of the distribution of Helodon s.str., and
not merely a collecting amfact it would then seem reasonable to suppose that the three

n

‘western species are rehcts of what was a forrnerly W1de -spread chsmbuuon

Proszmulzum s.Str. members are thc most widely dlstnbuted pr051mulune segregate, ‘
mcludmg the most northerly record for Sunuludae (Bjgrngya, 74° 25° N) The genus
: apparently differentiated very early, as Judged from its hypothesized 51ster-group
relanonsmp with all other Prosimuliini. Little else can be inferred about the zoogcographlc
| history of Prosimulium s str., as mtragenenc relationships remain madequatcly
'Aunderstood |

" -

e



Figure 1. Cladogram showmg hypothemzed relatxonshlps of genus group taxa of

Prosunuhlm based on structural characters alonc
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Figure 2. Cytophylogeny,of genus group taxa denved frorn 'Helodon standard" and
"Twinnia standard"1> as dlSCUSSCd in text (redrawn from Rothfels 1979)
Underlined symbols on connectmg lines show fixed changes hke inversions,
coded by numbers from chromosomes (I-III) and arms (S vs. L), or interch'anges,
as in IIS+IIIS. Symbols in brackets show floating inversions "NO transp"'"
denotes- change i posmon of nucleolar organizer. The origin of the cytophylogeny
is arbltrary chosen on the basis of its centrality (i.e. it ex1sts as suchina
considerable number of P1_’os1mu!un1 species, and gives rise to the largest nu’mbef‘of
independantly 'derived lineages). Inversion symbols read from the origin are |
addmve The fate of floatmg mvers10ns is 1nd1cated following a branch point
(camed floating, becoming ﬁxed or dropped). Proszmulzum standard is the origin,

- and the diagram should be read from that point. @

<y
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Flgure 3. Cladogram showing hypothes1zed relat10nsh1ps of genus group taxa of

' Prosimuliini, based on structural and cytologieal characters
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F igurés 4 - 5, Relationships among species of Helodon (Parahelodon) Peterson and

Uroszmulzum Contini: (4) cladogram showing hypothe51zed relatlonshlps of spe01es

- of Helodon (Parahelodon) Petcrson (5) cladogram showmg hypothe51zed

relanonshlps of species (}Vllroszmullum Contini.
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F igure 6. Hypothesized transformations of the Prosimuliini pupal pleuroh, as discussed

in text (diagrammatic representation of left side of abdomen; segments 3 - 9).
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Figure 7. Hypothemzed transformanons of the Pr051muhm1 pupal abdominal tergum, as .

dxscussed n text (dxagrammalnc)
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F lgure 8 Arrangement of recurved hooks on the Pr051muhm1 pupal abdomma:l stemum

“as dlscussed 1n text (dlagrammaUC)
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Figure 9. Hypothesized transformations of the Prosimuliini anal sclerite, as discussed.in
. ) -

text (semi—diagrammatic). ' o o ,.,:"*j'i"' -
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Figures 10 -l 13. Female terminalia (a , ventral view with left hypogynié.l,valve
removed; b, right lateral view at right vangles to plane of ventral view) of (10) |

| Prosimulium mixtwﬁ Syvm,e.réc Davies; '(1 D Helodo'r-l (Helodoﬁ) b}zy(_;hodactylus -

~ (Dyar & Shannon) complex; (‘12) H. .(Parahe{odon) decemarticulatul_s (Twinn); (13)
H. (Distosimulium) pleuralis (Malloch). | .
Abb‘rcviations: an Ib = anal lobe; cerc = ce;cus;gen fk = genital fork; hyp vlv =

hypogyﬁia.l valveﬁ spmth = spermatheca; st = stemtfm; tm plt = terminal plate.

(Figurés feproduced from McAlpiné, J.F. et al. (Eds.), Manual of
Nearctic Diptera, Volume 1, with permission of the Minister of Supply
and Services Canada) )






@'gurés 14 - 16 Female and male terminalia: female temlinélia' (a , ventral view with
left hyl;ogilnial valve removed; b, right lateral view at right angles to plane of
ventral vxew) of (14) Twinnia tibblesi Stone & Jamnback and (15) Gymnopazs
holopticus Stone (16) male termmaha (a, ventral V1ew with Jeft gonocox1te and

»  gonostylus removed; b, left lateral view of ventral plate median sclerite, paramere
'» and aedeagal membrane,aa, terminal (end) view of same structures:; d, dorsal (inner) |

N4
view or right gonosyrus) of Prosynulzum mixtum Syme ‘& Davies.

Abbreviations: ‘an Ib =anal lobe; cerc = cercus; gonst = gonostylus; pm =
paramere; spmth = spermatheca; stp Ik conn = strap-like connection; tmplt= - &

terminal plate; v plt = ventral plate.

(Figures reproduced from McAlpine, 1. F. er al..(Eds.), Manual of
Nearctic Diptera, Volume 1, with permission of the ’thster of Supply
. and Services Canada)
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. g ]
., F igurés‘ 17 - 18.. Male tcrtﬁihaiia (a, ventral view:with left gonocokite and gonostylus |
removed; b, left lateré.l"view of ventfal plat_c,‘m‘edian‘ sclerite, paramere, anqcf'
aedeagal membrane; c, terminal (énd) view of same stmchire‘s; d, dorsal (inner)
view or right gonosylus) of (17) Helodon (Helodon) onychodactylus (Dyar &

: AShannon‘\) complex and (18) H. (Parahelodon) decemarticulatus (Twinn).

Abbreviations: ant lat apd = anterolateral apodeme; m scl = median sclerite; pm =
paramere; stp lk conn = strap-like connection; v plt = ventral plate.

»
1

(Figures rép‘roduced from McAfpine, J.F. et al. (Eds.), Manual of
Nearctic Diptera, Volume 1, with permission of the Minister of Supply
and Services Canada)
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. Figures 19 - 21. Male terminalia: (19) Helodon (Distosim_ulium) pleurdlis ("Malloch)

(lateral view); (20) H. (D.) pleuralis (a, ventral view with left gonocoxite and

‘ _\ gonostylus removed; b, left lateral view of ventral plate, median sclerite, paramere,

- and“aedeagal _mcmbr&_ne‘; c, terminal' (end) view of same structures); (21) Twinnia i

tibblesiFSA'tone & Jamnback '(a, ventral view with left gomﬁcoxitg and gbnb’stylus
removed; b,.'lcf,t lateral view of ve“r’ltral plate, median sclerite, paramere, and
aedeagal membrane; c, terminal (end) ‘ViveOf same structures; d, dorsal (inner)

© view of right gongs‘)ylus). -

Abbreviations: ant lat apd = antegllgtc_ral apbdeme; gonst = gonostylus; m scl =

" median sclerite; pm = paramere; v plt = ventral plate.

(Figures reproduced from McAlpine, J. F. e al. (Eds.), Manual of
Nearctic Diptera, Volume 1, with permission of the Minister of Supply
and Services Canada) S R

~%
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. _ \
Figures 22 - 29. Structural features of the adult and pupa: (22) male. terminalia_of

Gymnopazs dichopticus Stoné (a, ventral view with left gonocoxite and gonostylus
removed b, left lateral view of ventral plate, median sclerlte .paramere, and
aedeagal membrane; ¢, terminal (end) view of same structures (23) head of adult

- - female of G. dzchopncus Stone (latera(%wrew of left side); (74) thorax of female of .

G. holopncus Stone (lateral view of left 1de), (25) scutellurd and postnotym of
g éﬁ:male of

female of G. holopticus Stone (dorsal vieW); (26) hind tarsus and clawv
Prosimulium ursinum (Evaards)‘ (27) hind tarsal claw of ’female of Helodon

(Parahelodon) decemartzculatus (Twinn); (28) pupal thorax and gﬂl of Gymnopats . b
dzchopncozdes Wood (dorsolateral v1ew) (29) pupal thorax and gill of Twinnia |

nova (Dyar and Shannon) (lateral view).

AbbreV1at10ns anepst memb = aneplstemal membrane b tth = basal tooth; gonst =
,oonostylus mepm tft—meseplmeral tuft pn = postnotum; sctl—scutellum stm bul

= stemmatic bulla; t clw = tarsal claw; v plt = ventral plate

(Flgures 22 to0 27 reproduced from McAlpme J.F. et al (Eds ),
Manual of Nearctic Diptera, Volume 1, with permission of the Minister
of Supply and Services Canada)
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Figulres> 30 - 34. Latval head dapsules (ubper, do;Sal view; loWer, ventral view): (30)
B Twin;:a' nbva 2 (Dyar & Shannon); (31) Gymnopais dichopticoides Wood; (32)
Helod0(z (Dtstos:mulzum) pleuralzs (Malloch); (33) H. (Helodon) albertensis
(Peterson-& Degner) (34) H (Parahelodon) decemartzculatus (Twmn)
IO )
Abbrcv1at10ns ant = antenna; eyesé =.eyespots; labr fn = labral fan; m Sp.=.mcd‘ian

spots Pg clft—postgenal cleft. ,’ e
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Figures 35 - 41. Mo‘ufhpardts, and thoracic features of larvae: (35) left mandible of
Twinnia (ventral view); (36) left mandible of Gymnopais (ventral view); 37) |

bhypostoma of Helodon | ;‘ :,:e'llodon) (ventral view); (38) hypostoma of H.

 (Parahelodon) (ventral view); (39) hypostoma of H. (Distosimulium) (ventral
view); (40) pfothoracic proleg (j%l (Helodon) (lateral view of right side); (41)

. prothoracic proleg of Prosimuliunt¥lateral view of right sxdc)

) AbbréviationS' 1plt prig = lateral plate of proleg, 1tth = 1at_ier_a’l tooth; m tth = median
 tooth; sbl tth = sublateral tooth. |
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3.11 Appendix ' I

- Checklist of the world species of Pros:.mulnm astensk denotes specxes examined; list

Wy -f,; buturlini (Rubtsov, 1956). Comb.n.

complete to mid-1985, as checked against Crosskey's (1987) checklist of the world species

of Simuliidae. Genera and subgenera are arranged phylogenetically, with consitituent
species arranged alphabetically. Synonymies are those of Crosskey (loc. cit.). Unplaced
species are either known only from one or two life-stages, or are not described in sufficient
detail to render an informed decision. -

Family SIMULIIDAE New_man, 1843
Subfamily SIMULIINAE Newman, 1843
Tribe PROSIMULIINI Roubaud, 1906 ‘
HELLICHIINI Enderlein, 1925 o .
 GYMNOPAIDINAE Rubtsov, 1955 -
HELODONTINI [sic] Ono, 1982

Genus Helodon Enderlein, 1921
Subgenus HELODON s.str. .
“albertensis (Peterson & Depner, 1972). Comb.n.*

.- alpestris (Dorogostaisky, Rubtsov & Vlasenko, 1935). Comb.n.*

altaicus (Rubtsgv, 1956) (subspecies). Comb.n. -
relensis (Rubtsov, 1956) (subspecies). Comb.n.
komandorensis (Rubtsov, 1971) (subspecies). Comb. n.

V. chechciri Popov, 1977. Comb.n. .3

" clavarus Pctcnson 1970. Comb.n.*

czenkanowskii (Rubtsov 1956). Comb.n.

irkutensis (Rubtsov, 1956). Comb.n. :
kamtshaticus (Rubtsov, 1940). Comb.n. 3 ‘
kamui (Uemoto & Okazawa, 1980). Comb.n.

laamii (Beaucourth-Saguez & Bailly- Choumara 1981). Comb.n.
martini (Peterso':, 1970). Comb.n.*

<
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maruashvili (Machavariani, 1966). Comb.n.
muldcairlis Popov, 1968. Comb.n.
onychodactylus Dyar & Shannon, 1927 (complex). Comb n.*
- perspicuus Sommerman, 1958. Comb.n.*
rubicundus Rubtsov, 1956
ferrugineus (Wahlberg, 1842)!
rufus (Meigen, 1838) |
borealis (Zetterstedt, 1842)
susanae (Peterson, 1970). Comb.n.*

Subgenus PARAHELODON Peterson, 1970. New status in Helodon
decemarticulatus (Twinn, 1936) (complex) Comb.n.* ‘
gibsoni (Twinn, 1936) (complex). Comb.n.*
vernalis (Shewell, 1952). Comb.n.* . AN

SUbgenus DISTOSIMULIUM Peterson, 1970. New statns ‘in Helodon
daisetesensis (Uemoto, Okazawa & Onishi, 1976). Comb.n.
pleuralis (Malloch, 1914) {cSmplex)* : ' .

tenuicalx (Enderlein, 1925)
pancerastes (Dyar & Shannon, 1927) ' ' o,

a&v\

Genus Urosimulium Contini, 1963
aculeatum (Rivosecchi, 1963)*
stefanii Contini, 1963
" faurei (Bernard Grenier & Bailly- Choumara 1972). Comb.n.
quCll.éCODtlm 1966

Under the plenary powers of the International Commision on:'Zoological Nomenclature,
the specific name ferrugmea Wahlberg, 1844 as pubhshed in the bmomen Simulia .
ferrugmea is glven precedence over the spec1ﬁc names rufa Melgen as published in the
bmomen Simulia rufa, and borealis Zetterstedt® 1 842 as pubhshed in the binomen S imulia
borealzs whenever these names are con31dered synonyms of ferrugmea (Oplmon 1496

1988, Bulletin onoologzcalNom clature 45(2): 173 174) I; _
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' Genus Levitinia Chubareva & Petrova, 1981
. tacobi Chubareva & Petrova, 1981 v -
-~ freidbergi Beaucournu-Saguez & Braverman, 1987*
Genus Gymnopais Stone, 1949
andrei Vorobéts, 1984
 bifistulatus Rubtsov, 1955*
dichopticoides Wood, 1978%
dichopticus Stone, 1949%
fimbriatus Wood, 1978% -
 frontatus Yankovsky, 1982*
holopt'icoides Wood, 1978%*
holopticus Stone, 1949%
lindneri Rubtsov, 1963*
‘rubzovi Bobrova, 1967*
sexcornutus Bodtova, 1975
trifistulatus Rubtsov, 1955%

Genus Twinnia Stone & Jamnback, 1955
cannibora Ono, 1977
hirticornis Wood, 1978* E
 hydroides (Novék, 1956)* B
"japonensis Rubtsov, 1960 - -
magadensis Rubtsov, 1973
nova (Dyar & Shanngn, 1927)*
biclavata Shewell, 1959
sedecimfistulata (Rubtsov, 1955)*
. subtibbelesi [sic] Ono, 1980
ratrensis Nové'k, 1959
tibblesi Stone & Jamnback, 1955*

)

~

B

Genus Prosimulium Roubaud, 1906
albense Rivosecchi, 1961
silana Rivosecchi, 1967 (unavailable) . S »"Zg}
apoina Ono, 1977 |

(’;‘B




approxirh‘atum‘ Péterson, 1970
arshanense Rubtsov, 1956
arvum Adler & Kim, 1985*
calabrum Rivosecchi, 1966
. candicans Rubtsov, 1956
caudatum Shewell, 1959%* i
~ constrictistylum Peterson, 1970* §
daviesi Peterson & DeFoliart, 1960*
dicentum Dyar & Shannon, 1927
dicum Dyar & Shannon, 1927+
diminutum Rubtsov, 1956 v
- doveri Sommerman, 1962 (complex)*

o "‘erythronotlon Rubtsov, 1956

» esselbaughz Sonunerman 1964

exigens Dyar & Shannon, 1927*

.. hardyi (Stains & Knowlton, 1940)
" flaviantennus (Stains & Knowlton, 1940)
fontanum Syme & Davies, 1958 |
formosum Shewell, 1959*
frohnei Sommerman, 1958*
frontarum Terteryan, 1956

stenopalpe Rubtsov, 1956
' fulvipes (Edwards, 1921)
. fulvithorax Shewlll, 1959
g fulvum (Coquillett, 1902)* '
JSuschm Syme & Davxcs 195 8*
‘gigas Rubtsov, 1956 - - g,
hzrtzpes (Fries, 1824) (complcx)
sibiricum (Endel’lem 1930)
impostor Peterson, 1970*
irritans Rubtsov,l 940
isos Rubtsov, 1956
italicum Rt,‘ifosecchl 1967
Jezomcwﬁ (Matsumura, 1931)
gai;poroense (Shiraki, 1935 )

~gaty
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kaszcmoto Onishi & Orif, 1973~~~

Icanbaense Ono, 1980 °
~ kiotoense Shiraki, 1935

kolymense Patrusheva

latimuc¥o (Enderlein, 1925) . -

' inflarum Davies, 1957 %
-gpidanichi Rubtsov, 1964 'o‘fi ’

" longilobum Peterson & DeFoliart, 1960%
h lugamcum Rubtsov 1956
- macropyga (Lundstrom, 191 1)
Iatzfrons (Enderlein, 1925)
:ventosurn Rubtsov, 1956 (subspec1es)
¢ zaitzevi Rubtsov 11956 (subspecies)
korshunovz Patrusheva, 1975 (subspec1es)
magnum Dyar & Shannon, 1927 - x
¢ frisoni (Dyar & Skannon, 1927)
, albionense Rothfels, 1956 ¢ -
mixnim Syme & Dayies, 1958 (complex)*
‘multidentatum (Twmn 1936)* -

mysticum Peterson 1970 , . “

' neomacropyga Petcrson 1970*
_- olzgoarzstatum Rubtsov, 1971 ,
. pecticrassum Rubtsov 1956
' petrosum Rubtsov, 1955,
nigritum Rubtsov, 1956 (sqbspecies)
pronevitschae Rubtsov, 1955
rachiliense Dzhafarov 1954
rhizophorum Stone & Jamnback 1955%
| rufipes (Melgen 1830) ‘ '
gallii (Edwards, 1921) '
conistylum Rubtsov, 1956
aestivale Knoz, 1963 (unavaﬂable)
saltus Stone & J amnback 1955 -
- sarurense Ono, 1976

s ,
arcticum RuBtsov & Carlsson, 1965 (subspec1es)
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shewelli Peterson & DeFoliart, 1960*
subrufipes Knox, 1980 . -
tomosvaryi (Enderlein, 1921)
picipes (Stephens, 1829) (nomen nudum)
Juscipes (von Roser, 1840) '
nigripes Enderlein, 1925 -
pexifrons Enderlein, 1925
balcanicum Enderlein, 1925
canbalicun (Smatt, 1944)
pseudohirtipes (Smart, 1944)
arvernense Gn:nier,‘ 1947
duodecimfiliarum Rubtsov, 1955
transbrachium Adler & Kim, 1985
travisi Stone, 1952*
tredecimfistulatum Rubtsov, 1956
tridentatum Rubtsov, 1940
uinta Peterson & DeFoliart, 1960
unicum (Twinn, 1938)
ursinum (Edwards, 1935) (complex)*

browni (Twinn, 1936) . >

woodorum Peterson, 1970%
yezoense Shiraki, 1935 : J
alpium Ogata, 1956 (unavailable) .

Unpiaced species o
aridum Rubtzov, 1971 (Helbdon s.str. 7)
intercalare Rubtsov, 1956
Jacuticum Rubtsov, 1973
mesenevi Patrusheva, 1975
pamiricum Chubareva & Petrova, 1983
phytophagum, Rubtsov, 1976 (Helodon s.str. 7)
unispinum Rubtsov, 1967
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4. CONCLUSION

- I'have attemped to show that most present-day classifications of Simuliidae are
organized into systems of A and not-A catogorics, and therefore do not reflect accurately

, pﬂlog’enen"c relationships.  Systematic research on black flies is in an enviable position, in

'%;t@hylogenetic information is derived from a variety of independent sources (cladistic*fy

cyto;axonom"&f:hemotaxonomy). As rclationships become better understood, thére is
growing cﬁssatisfaction with the unnatural classifications presently in use. If the various
levels of investigation acc,.urat.e'ly resolve relationships, it should be possible to arrive at the
same conclusions, and to derive a uniform and rational classification that serves the needs

of all students of the family (whether they be a systematist, cytolologist, physiologist,

ecologist, or applied entomologist). The process of olassifying. is still in the domain of the |

systematist, and it will remain to the systematist to take into account all available types of

data.

In order to formulatc a phylogenetic framework from which to study Simuliidae, I
have begun nocessarily at the base. Discovery of the female and immature stages of
Parasimulium Malloch made possible resolution of the initial two dichotomies of
Slmulndae which in turn providéd the basis for a reclassification at the suprageneric lovel.
Usmgﬁ%ﬁ as a starting point, I offered an initial interpretation about monophyly and
relatmné‘hlps among genus- group taxa of Prosunulum A classification that accurately
reflected hypothesized relationships among genus-group taxa was proposed.

4

ThlS work is not intended as the "complete" or "final" word on relationships among

primitive black flies, The value of a phylogentic approach to systematlcs is testabﬂlty —

hypotheses of relationship can be corroborated or falsified by additional information. This

is not to suggest that a new classification should be proposed with each new nypothesis.

Y
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: HovVevel:, a‘mone ngourous appm%ch to systemaucs will eventully lead to a better .

undetstandmg of phylogeneuc 1§laqpnsh1ps, and this will ultimately lead to a stable
classification. I have attempted to outline areas that requu'e further clanﬁcatxon though 1t is
doubtful that major mod1ficauons will be necessary in the olgtslfactlon proposed.
Independent sources of mforgtapon’ Suc/h as pubhshed cytologlcal transforrnanon series, .
have corroborated many, of. the hyﬁ)fbesued relationships.
v

In add1t10n to bringing simuliid classification more into line with current views
about phylogenehc relationships, there are other beneﬁts to thls approach as well Many
supragenenc' names have evidently been created without clear understanding about the
relationships of the group under consideration or the ramifications of recognizing such
groups at hlgh taxonomic rank. I take an example from the tribe Prosunulum to illustrate
my pomt. Ono (1982) recognized the tribe Helodonum and demgnated Helodon Enderlein

~as the genotype. If we are to accept this proposal, then it is clear that the rank of other

| Prosimuliini (as deﬁned in the present work) will have t% be adjusted to accomodate thxs

new tribe (cf. fig. 3 of chapter 3). Because Dlstos1mulzum and Parahelodon share a close
relationship with Helodon, they should be ranked at the same taxonormc (tribal) level.
These three tribes together could then be ranked at the subfarmly level. In order to balance
the classification, a separate subfamily would have to be recognized for each of the
remaining genus-group taxa, and this entire assemblage could then be designated anew
family! The i mappropnateness of Helodontini is unmedlately realized when phylogenetic

relationships are understood.

Although this is an extreme example of a nonsensical ranking, it is equally tery 5 l;;' p

to create genus-group names without regard to the phylogenetlc position of the group under

o con51derat10n Crosskey (l987a) drew attentlon to an alanmng trend in the cumulatxve

number of erected supraspec1ﬁc names since Simulium Latrellle was first d1v1ded Ifa

k4
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}balance&{:IasSiﬁcaﬁOn of Simuliidae is to be achieved, it is no longer acceptable to adopt a
strictly phcnetic approach to ranking. Splitting at the generic and subgeneric levels is

- rampant in Simuliidae, and I suggest thwhcre are already more than enough names
available to fully class1fy the family. I advocate grcater use of the "species- -group" category

when phylogcnenc relationships remain uncertain. ,

g

Some may regard my proposals as radical — that I'am t’a/mpen'ng with ¢lassificatory

systems that hav long served the every day pract1cal needs of black fly workers ( taxa
definition, 1dent1§cat10n mformanon storage- and-retneval) '@(ey word here is

systgms. There are presently as many v1eyvs about class.lﬁcanon as there are systematists.
It is perhaps fortunate that only two world classi’ﬁ‘cation; have been proposed durin g.the
past 15 years (Rubtsov 1974; Crosskey-1981, 1987b), and that the majority of workers
have adopted one or the other. Nevertheless, it is difﬁcttlt for North American specialists

- to fully c%mf;rehend the Eastern European literature, and vice versa. It is hoped that the-
present work will bridge the gap betw the two classifications,- and prov1de a fresh ba51s
from which to view the evoluuonary and geographlcal history of Simuliidae. In addmon to
testing the ideas presented in the present work the real need is to resolve phylogenetm
relationships within Simuliini. Only then can an informative and stable classification of

”S_imuliidac be achieved.
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