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The bracing and fusing pattern o longitudinal veins at base
in living mayflies ( Insecta : Ephemer optera)

ZHOU Chang-Fa
(Jiangsu Key Laboratory for Bioreource Techrology , Qollege of Life Sciences, Nanjing Normdl Univerdty , Nanjing 210097 , China)

Abgract: The bracing and mergng pattern of basd longtudind veins plays an importart role in phylogeny
recongruction within Rerygota. Urfortunately , the basd venation pattern of living mayflies has changed from the
ancedra date in nog gecies, but in very rare cases, the origns of some iongitudina vein bases are preserved and
visble. Thewing based Siphluriscus chinensis has an independent subcogal Yrace , partid semd the media, vishle
gemd the cubitus, and indicatiions of the origns of MA and Rs. This kind of wing base plus those of Ephemera
rufomaculata and Chromarcys magnifica show the venaion groundplan of modern Ephemeroptera (sem of M pardld

to or fused with R basdly , MA and Rsfused together for certain distance then separate, Cu independent a bass .

This pattern seems close to that of Neoptera while different from Odonata. In the latter , the M fused with Cu basaly.
The hypotheszed function of subcoga brace in mayflies is to grengthen the connection between digantly separated
longtudind veins because of <lerite plate a radius vein base. This hypothess d< can be used to explain

conplicated and unique venation of dragorfly.
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1 INTRODUCTION

The living mayfly wing base has been invedigated
by a number of researchers (Needham et al. , 1935;
Edmunds and Traver , 1954 ; Brodsky , 1970, 1974,
1994 ; Tsui and Peters, 1972; Hau, 1991; Kuge,
1994, 2000; Wbotton and Kukaové Peck , 2000) .
Urfortunately , these sudies did not concentrate their
atention on origin and evol ution of the main veinsin the
wing base, in particular those o Rs, MA, MP, CuA
and CuP. Thewing basesdf nog extant mayfly goecies
have changed drametically from the ancestral wings. In
various evol utionary lineage representatives of mayflies
dudied, orignation of main longitudind veins can
rarely be seen.

Fossl maflies show diverse vein paterns.
Kukalové Peck (1985) proposed that the Carboniferous
Bojophlebiidae, Syntoropteridae and Triplosohidae are
mayflies or a leas the ancedors o Perman
Proterel aretidae, which were generdlly conddered the
direct ancedors of recent mayflies (Needham e al. ,
1935; Snitchenkova, 1984; Kukaova Peck, 1985,
1991). Sme resarchers bdieved that  the
Triplosobidae may be the procesor of Proterei smetidae
(Hennig, 1981; 9nitchenkova, 1984; Carpenter,
1992) , but Kluge (1995) proposed that the larva of
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Bojophlehiidae sensu Kukdovéa Peck was not a true
mayfly.

Based on fossl and extant evidences, Kukaove
Peck (1983, 1985, 1991, 1997) provided a wing
gound-plan for mayflies, dragorflies and neopterans
respectively , and noted that bracing and/or fusng of a
sctiondf M (or MA) and RP (or R) , Cu (or CuA)
and M, RA and RP occurs in nog Palasoptera and is
typicd for the odonato-ephemeroid clade. However , in
her hypothetica nmodern mayfly wing, the sgems of M
and Cu were hypotheszed from wing base grooves
ingead of vishle veins, becaus these have become
desclerotized in her view. In my opinion, because of
wing twiging, there are different grooves in different
views o the same gpecimen , 0 they can not be used for
further deduction.

Siphluriscus  chinensis Ulmer  ( Ephemeroptera:
dphluriscidae) may originate from at least the Jurassic
era, and has a large number of plesonorphic characters
in both the adult and immature sages (Zhou and
Peters, 2003). This species resrves me dear
longtudina vein traces a thewing base. Basedonit , a
pattern of mayfly venation can be hypothedzed. |
conpared it with additiona meyfly gecies in other
aewlutionary lineages; none of them oorflicted with my
hypothess and al provided further corfirmetion. The
wing base of S. chinensis is described and figured
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here, as are two other typica representative ecies.
And in my view , the basad pattern of longitudind veins
in this theory is usfful to recondruct the phylogeny
between Ephemeroptera, Odonata and Neoptera, and
discuss the evolution of ingsect flight.

2 MATERIALS EXAMINED AND TERMS

Siphluriscus chinensis Ulmer (1920) : 1 ¢,
Zhgiiang Province, Bai-Shan-zZhu, Qingyuan county
(27.37N, 119.04°FE) , 20 -1993 leg. WU Hong; 1
¢, Zhdiang Povince, TiarMu-Shan nountain
(30.26°N , 119. 34°F) , 2 -1999, leg. ZHAO Mingr
Shui; 1 ¢ subimagp, Quangk Povince, Rongshui
Qounty , JirWan Mt. , We-LinrJiang foregry dation,
5 -2003, leg. JIANG Quo- Fang (In Nanjing Normal
Univerdgty , China) .

Ephemera rufomaculata Zrau e Zheng, 2003 : 10
¢ 20 ¢ ¢, Feng-Shan village, Jinggu county
(23.45°N, 100. 37°E) , Yunnan province , China, leg.
by ZHOU Chang-Faon 2001 -8 (In Nanjing Normal
Universty , China) .

Chromarcys magnifica Navas, 1932: 3 ¢ ¢ (in
dide) , THAILAND : Chiengmai Province, Eagt Fork,
Meae Ang, 21- -30- -1964,leg. W. L. andJ. G
Peters (In Horida A & M University , USA) .

And many other gecies deposted in Nanjing

“sL]’

4 /

Normal Univerdty and Horida A & M Universty.
Terms are followed ater Kukalovd Peck (1983,
1991) : precosa (PC, PCA + , PCP- ) , coda (C,
CA+,CP-) , subooxta (S, SSA + , SP- )
radius (R, RA + , RP- ), media (M, MA + , MP
-) , cubitus (Cu, CUA + , CuP- ) , and (A, AA
+ ,AP-) and jugd (J,JA +,JP-) . A=
anterior , P=poderior, + =oonvex, - =ooncave.

3 RESW TS

The forewing and hindwing bases of Siphluriscus
chinensis,, Chromarcys magnifica Navas, and Ephemera
rufomaculata Zhou & Zheng are shown in Fgs. 1- 6.
The characterigics of Siphluriscus chinensis include the
following:

1) A smdl , serrated precogd vein (fusonof Rc,
CA and CPin Kukalovar Peck , 1985) isvishle anterior
to the cogtd veinin the basa section of thewing (Fgs.
5,8,9). Although Sodgrass (1935) thought that this
condition was not present in extant insects, it is clearly
indicated in Siphluriscus chinensis and Chromarcys
magnifica (Fg. 3 ) but gppears only as an anterior
saration in many other mayflies ( Kukalovér Peck ,
1985). In the hind wing of Siphluriscus and other

gecies, aprecoda veinis not didinguishable.

Fgs. 1- 6 Thewing base o three mayfly gecies (dorsa view)
1- 2. Ephemera rdfomaculata Zhou e Zheng: 1. Forening; 2. Hindwing. 3- 4. Chromarcys megnifica Navas: 3. Forewing; 4. Hindwing.
5- 6. Siphluriscus chinensis Ulmer : 5. Forening; 6. Hindwing. Goncave veins and vein traces dotted.
Suboodd brace did not fused with C conpletely. The gemtracesof S, R, M and Cu are cdlear , and that of Cu bent remarkably.
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2) The subcostadl brace (SCA, = SA3 4 in
venation pattern sensu Kukalovér Peck , 1985) does ot
meet the coga vein. The membrarous area between
A and Cintheforening islightly sclerotized but cross
veins are vishle in the regon between SA and C
(Fgs. 5, 9). A dmilar ocondition is present in
Chromarcys (Fig. 3). In nogs Ephemeroptera, the
subcoga brace meets the coda, or the sparation of the
two isindiginct. Inthe hind wing, the subcoga brace
is conplete and well separated from the cogta (Figs. 2,

4,6). In many other mayflies with large hind wings,
for exanple Chromarcys or Siphlonurus mirus ( Eaton)
(illugtrated in Sartori and Peters, 2004) , the subcogtd
brace is dmilaly egresed, dthough dften

inconpl etely formed.

3) The subcogtd brace (ScA) separates from
(%P) near the wing base (Figs. 5, 7). The gemof
< does ot fuse with R but runs pardld to it. The
same istruefor the hind wing and al gecieswith clear
hind wing venation.

Fgs. 7- 11 Digtd photogrgphs of wing base of Siphluriscus chinensis Ulmer
7. Whole view (arrow shows the postion of Cu) ; 8. Basedf PCand C; 9. PC, Cand SA (showing that ScA does ot fuse with PC+ C) ;
10. Bae o Rs, gemdf M, MA and MP; 11. Cuand A; 12. Wingbase o Ephemera rfomaculata (showing the gemsof M and Cu) .

4) Ry and Rs (RA and RP of Kukalovar Peck ,
1985) appear to have a common sem or to be fused
baslly; then, dter gsgparation from R, RP is
desclerotized for ome digdance before and &ter joining
with MA (Fgs. 5, 10). Inthe hind wing, RP joins
MA diga to the subcoga brace (Fg. 6). In other
Pecies dudied, the separation of RP from RA is
indiginct , and RP never reaches the subcogd brace.

5 MA and MP diverge from the gem of M, the
basal section of M isweak but dear (Figs. 5, 10).
The gem of M is present and vishle for much of its
length. Inthe hind wing, MA and RA are sgparate but
goproximete each other diga to the subcogd brace
(Fg. 6) . This hindwing condition is highly variable in
other mayflies.

6) CuA and CuP have a comnon, long, curved

?

gem in the forening and hind wing (Fgs. 5, 6, 7,
11) . The forening condition is characterigic of al
mayflies gudied , but the Cu gem is varioudy reduced
in other hind wings.

7) The gemaf the and veinisdnmog draight. In
the forening, only a srdl prong may or may ot
represent the remains of AA1 reaching toward CuP. In
the hind wing, this vein prong reaches CuP. The
condition is highly variable in other mayflies.

4 DISCUSSION

The basd vein of Siphluriscus chinensis supports
the longtudina-vein’ s pattern in ground-plan of insect
wing venation sensu Kukalovéa Peck (1983, 1991).
The subcoda brace fusngwith Cis a derived character
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because it is separate from C in Siphluriscus chinensis
and Chromarcys magnifica, but fuses with C in nmog
nodern gecies. In addition , the anterior sector of each
pair of longitudina veins (S, R, M, Cu) is convex,
the poderior sector is concave, and they have a
comnon gem in mayflies.

In the former gudies usng only nodern mayflies,
the origin and interrdlationsof R1, Rs, MA , MP, CuA
and CuP were ot clearly indicated, dthough some
figures in me previous literatures showed this
oondition to some degree (see Fg. 1 o Kluge, 1994 ;
Hg. 53A of Kluge, 2000) . Wootton and Kukaovéa
Peck (2000) described and figured the wing of
Ephemera danica showing the cogd and subooga
veins, together with the RA | forming a srondy three-
dimendond leading-edge far. In this figure, four
other longitudind veins (semd RP+MA , MP, CuA
and CuP) radiate anog from a snge point. In the
foremingsof Siphluriscus chinensis, the gem of MA and
MP gopears to orignate in or near R; then M and R
sparate into two veins (R1 and Rs, MA and MP
regpectively) ; and findly MA joinswith Rs. Theorigin
o the MA and MP gem can not be seen in nog
gecies, but in Ephemera rufomaculata, it is vishle
ocoming from the basal sclerites (Fgs. 1, 12). After
that , it bends forwards drameticaly; in Siphluriscus
chinensis Ulmer , it can be seen beore separating into
MA and MP (Figs. 5, 7, 10) . Thus, the progressve
pattern of the media vein (dter issuing from the base)
is hypothesized as follows: 1) fusing with or running
cloe to the gemof R; 2) M and R sparate; 3) M
detached into MA and MP as well as R detached into
Rl and Rs; 4) MA oonnects with Rs for some
digance , and 5) MA sparatesfrom MP conpletely (as
in hindnving of Siphluriscus chinensis) . The firg two
points has been shown in the figures of Kukalové Peck
(1983, 1997) .

In Ephemeroptera, M (gem of MA and MP)
always joinswith or runs aong R for ome digance , but
M (MA or MP) never joins Cu a the base. The semdf
CuA and CuP of severd ecies (in particular
Siphluriscus chinensis, Ephemera rufomaculata and
ome gecies in 9phlonuridee) and the M gem o
Ephemera rufomaculata are clear.  Kukalové Peck
(1985) reported that vein fuson between MA and RP
plus CuA and M are typica ephemeroid pattern. Fom
the present gudy, it is clear that the former may be,
but the later may not be. Sme fossl insects, in
paticular thoe have fused or drutted CuA and M
require further research to see whether they or ome
members of them are real mayfliesor not. Maybe ome
o them are only the precuror of BEphemeroptera.
Kukalova Peck  (1997) nodified her  previous
synaponrorphies of Pdaeoptera to the following: the
gem of M; the ¢em of Cu, dnple CuP; three

important braces: rp-ma, mrcu, and cup-aal; along
curved and brace. In my present sudy, the brace
between mrcu is mot supported as one o the
syngponorphies.

The interrelaionships of three winged insect clades
( Ephemeroptera, Odonata and Neoptera) have been
debated for many years, and al possble suggegtions
have been proposed ( Hennig, 1981; Krigensen,
1981, 1991;: Sldan, 1997) , but mone of the
arguments can be accepted generdly, even the
nolecular evidences did ot provide dmilar results
(Qribet and Ribera, 2000; Wheder e a. , 2001;
Hovmdller et al. , 2002 ; Ogden and Whiting, 2003;
Kjer , 2004 ; Ogden et al. , 2005) .

More recently, nog autgponorphies of nodern
Palasoptera ( Ephemeroptera + Odonata) are based on
wing basal sclerites and veins ( Kukalové Peck , 1983,
1991, 1997) . In Ocbnata, the basdare, fulcaare and
axdare of PC and C are fused into an anterior articular
plate , columns of scleritesof S, R, M, Cu, A andJ
are fused together into a pogerior plate , and the gem of
M is fused with Cu ( Kukalové& Peck , 1983, 1991,
1997 ; Riek and Kukalové Peck , 1984) . In Neoptera,
which have the ability to fold their wings, some lerites
o S, Rand M have fused together into 1Ax and 2Ax ,
2 that R and M are d 2 fused or in extreme proximity
( Kukalovéar Peck , 1985, 1991). The present sudy
shows that R and M of mayflies are d < fused together
or run in close proximity. This pattern is smilar to
Neoptera but different from Odonata.

Inflyingwings, R serves as an axial vein and is
aways grong and convex ( KukalovéPeck , 1983) .
Because the neopterans and mayflies have a smilar
fudon pattern between R and M, they might adopt
smilar aerodynamic sygem in flying because® brief
fuson of veins gopearsaften to be an adgptation to local
tordon of part of the wing” (Wootton and Kukalovér
Peck , 2000) . Therefore , they maybe share the sSmilar
ewlutionary trend: MP to A in forenings changed
drametically and showed diverse venations; hindwings
smdl or even log except those being used to fly.
However , in dragorflies, M is fused with Cu a base
and the wings differ from those of mayflies and
neopterans: two pairs of wings are a the same sze
(Zygpptera) or hindwings larger (Anisoptera) , and
show omewhat uniform venations (only three kinds of
wings founded in Odonata o far). The wing
aerodynamics and flight movements of dragorflies are
not Smilar to flies or bees either (Sun, 2004) .

The presence of the suboostal brace (orignated
from SA) isatypicd character of mayfly wings. What
is the function of it ?Wootton (1992) pointed out that
in wings or areas of wings that are corrugated with
abundant crossveins, longtudind veins may often
function not in isolation but as conponents of trusses,
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or latice-girders. Wootton and Kukalovéa Peck (2000)
pointed out that ar of codad , subocodd and RA
diffened by the SCA. Brodsky (1994) noted that” the
codal brace servesto shorten the costd edge of the wing
during the downgroke rether than to srengthen it.” In
my own view, the Brodsky' s suggedion may be the
dfect and result of the connectingdof C, S and R1 with
ocodal brace and making them nove as a whole. In
addition, the fuson between Rs and MA and the
connections of the main longitudina veins by means of
the subcogtd and and braces dlow them to nove
together during flight. Further , if conddering the large
basal wing sclerites of mayflies or dragorflies and their
conplicated venations together , it can be deduced that
the subcoda brace of mayflies and al unique structures
o dragorflies may serve to oonnect the men
longtudina veinswhich are separated by the scleritas at
base.
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Siphluriscus chinensis M Cu MA
Ephemera rufomacul ata Chromiarcys magnifica
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