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state as plesiomorphic and its much smaller version in Hymen-

optera as an autapomorphy (a reduction). It is quite possible that

the basalare in ancestral Endoneoptera was larger than in

modern Hymenoptera, nevertheless the condition appears to be

quite significantly closer to the groundplan level than a unique,

greatly enlarged BA knob at the end of a long projection.

62. Posterior wing process (PWP): 0, short and at least

proximally broad; 1, long, narrow and distally expanded. The

posterior wing process is homologous with 4Ax, which like all

other articular sclerites, is part of the wing structure and is origi-

nally articulated with the tergum (Stenzhorn, 1974; Kukalová-

Peck, 1983). Although 4Ax is present as a separate sclerite in

basal members of some orders, it is very often secondarily fused

with the tergum and transformed into the posterior wing

process. In most Neoptera, 4Ax/PWP is short to moderately

long, and broad at least at “base” (proximal edge, which may or

may not be fused with tergum); this is also the case in the cole-

opteran suborders Myxophaga and Polyphaga. In Archostemata

and Adephaga (Figs 75 and 78 in Kukalová-Peck & Lawrence,

1993), however, PWP is long, narrow and expanded at the apex.

We interpret this as a synapomorphy and the condition in

Myxophaga as an autapomorphic reduction. Hörnschemeyer

(1998, 2002) considered the condition in Archostemata and

Adephaga to be plesiomorphic, and the short PWP in Myxo-

phaga and Polyphaga to be a synapomorphy.

Cladistic analysis

A cladistic analysis of the above data set (Table 1) was

carried out using Winclada 0.9.9 (Nixon, 1999) with

Nona 2.0 (Goloboff 1999). All characters were consid-

ered to be unordered. A single tree was produced (Fig.

36) with a length of 99, CI and RI of 0.96. Bootstrap

values were calculated using Winclada with Nona. The

low Bootstrap value for the Archostemata + Myxophaga

+ Adephaga node may reflect the fact that most of the

important hind wing synapomorphies supporting coleop-

teran suborders are involved in or reflect changes in the

mechanism of transverse wing folding; as a result these

are coded as unknown or inapplicable for all non-

coleopteran taxa.

Nodal support

Suppport for the various nodes is given below (U =

unambiguous changes only; A & D = additional changes

using accelerated or delayed transformation, respec-

tively).

Adephaga (U2): 28,1 – RA3+4 and RA3 forming right

angle; 55,1 – triangular folding area very close to r1.

(D1): 62,1 – posterior wing process long, narrow and dis-

tally expanded (also in Archostemata).

Myxophaga (U2): 26,1 – RA3+4 membranized

basally; 49,1 – AA4 absent. (A1): 62,0 – posterior wing

process short and at least proximally broad (reversal)

Myxophaga + Adephaga (U4): 23,1 – reinforced

cross-vein r3 highly reduced or absent; 44,2 – MP-CuA

fusion involving MP3+4 & CuA1; 45,1 – CuA2 absent;

50,1 – AP3+4 simple (also in Strepsiptera).

Archostemata (U1): 29,2 – RA3 reduced to short

stump. (D1): 62,1 – posterior wing process long, narrow

and distally expanded (also in Adephaga).

Archostemata + Myxophaga + Adephaga (U2): 20,1

– pterostigma supported by reinforced cross-veins; 31,1 –

RA3 and RA4 forming right angle. (A5): 27,1 –

RA3-RA4 fork far from anterior margin; 35,1 – RP

reduced to short stump; 52,2 – medial bending zone

replaced by hinge; 54,2 – triangular folding area bisect-

ing RA3+4; 62,1 – posterior wing process long, narrow

and distally expanded. (D7): 27,1 – RA3-RA4 fork far

from anterior margin; 30,1 – RA4 long, parallel to ante-

rior margin, independent; 35,1 – RP reduced to short

stump; 40,1 – reinforced radio-medial cross-veins two,

usually long; 52,2 – medial bending zone replaced by

hinge; 53,1 – medial loop formed by oblongum cell; 54,2

– triangular folding area bisecting RA3+4.

Polyphaga (U1): 24,1 – radial cell present. (A4): 22,1

– reinforced cross-vein r1 absent; 30,2 – RA2 long, par-

allel to anterior margin and fused at length with RP1; 40,2

– reinforced medial cross-veins one, usually short; 53,2 –

medial loop formed by medial hook. (D6): 22,1 – rein-

forced cross-vein r1 absent; 30,2 – RA2 long, parallel to

anterior margin and fused at length with RP1; 40,2 – rein-

forced medial cross-veins one, usually short; 52,1 –

medial bending zone present; 53,2 – medial loop formed

by medial hook; 54,1 – triangular folding area very close

to r1 which supports its proximal side.

Coleoptera (U3): 29,1 – RA3 long, parallel to anterior

margin; 51,1 – radial bending zone present; 58,1 – 2Ax

proximo-ventral projection present. (A5): 30,1 – RA4

long, parallel to anterior margin; 40,1 – reinforced radio-

medial cross-veins two, usually long; 52,1 – medial

bending zone present; 53,1 – medial loop formed by

oblongum cell; 54,1 – triangular folding area present, not

bisecting RA3+4. (D2): 21,1 – radial cross-veins forming

braces r1, r2, r3, r4; 46,2 – CP and CuA3+4 both curved,

ending on AA3.

Strepsiptera (U3): 1,2 – hind wing apex well in front

of anterior edge of wing base; 42,0 – MP-CuA brace

absent (reversal); 50,1 – AP3+4 simple (also in Myxo-

phaga + Adephaga). (A2): 21,2 – radial cross-veins

128

Fig. 36. Phylogenetic relationships: the single most parsimo-

nious tree based on 63 hind wing characters (tree length = 99,

CI & RI = 0.96). Branch lengths are above the lines and Boot-

strap values below them.
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