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Abstract. The pupal stage of ten Coelometopini species occurring in Australia,
New Guinea, Southeast Asia and the Pacific region are described and a key for
their identification is provided. The species are Chrysopeplus expolitus Broun,
Derosphaerus hirtipes Kaszab, Hypaulax crenata (Boisduval), Leprocaulus
borneensis Kaszab, Metisopus purpureipennis Bates, Promethis carteri Kaszab,
P. nigra (Blessig), P. quadraticollis (Gebien), P. quadricollis Pascoe and P. sulcigera
(Boisduval). The gin trap structures of D. hirtipes and P. quadraticollis are
described in detail using scanning electron micrographs. A summary of anti-
predator structures of all known Coelometopini pupae is given. The phylogenetic
value of pupal characters is assessed at intra- and intergeneric levels within the
tribe.

Introduction

The evolution of a pupal stage in the life history of holo-

metabolous insects has been of great importance for the

success of insects. This critical transformation stage has

enabled members of Holometabola to dissociate the larval

and adult stages and, as a consequence, promoted the

exploitation of a wide variety of environments. Although

most insect pupae are immotile, a small number of clades

have preserved the use of larval abdominal muscles in the

pupal stage to operate antipredator mechanisms. Most

entomologists react with scepticism when introduced to

the potential defence function of the ‘gin trap’ and other

sclerotized structures found on insect pupae. Because pupae

are rarely observed in their natural environments, the func-

tional success of cuticular projections described as having

antipredator attributes is often left to the imagination of the

systematist describing the structures. In this paper, we

attempt to shed light on the adaptive significance of

nonpassive antipredator mechanisms in pupae. More

specifically, we use structures on pupae of the beetle

tribe Coelometopini (Tenebrionidae: Coelometopinae) to

address this question.

Antipredator adaptations in insect pupae

Hinton (1955) identified two main types of antipredator

device in pupae of holometabolous insects: passive and

nonpassive. Passive pupal devices include a variety of pro-

tective setae or spines as well as cryptic, aposematic and

mimetic colours and shapes. The majority of passive anti-

predator devices have been recorded in Lepidoptera and

Coleoptera (Hinton, 1955). Protection against potential

predators in pupae with passive devices is achieved without

any movement by the pupa itself. Alternatively, nonpassive

devices always involve some kind of movement or activity

by the pupa to be effective (Hinton, 1955). Examples of

nonpassive antipredator devices include abdominal gin

traps and stridulatory organs.

The structures known as gin traps were first described by

Hinton (1946) and are defined here as pairs of coapted,

sclerotized ‘jaws’ that can close with great speed and

power to damage potential small predators (e.g. mites, pre-

daceous larvae) by crushing, cutting or piercing them. Gin

traps have been recorded in a few lepidopteran and coleop-

teran families (Hinton, 1955; Crowson, 1981). These can
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appear medially (e.g. Dermestidae, Psephenidae, Ceram-

bycidae, Noctuidae) or laterally (e.g. Tenebrionidae, Geo-

metridae, Sphingidae) on the abdomen of pupae. The opposed

structures forming the gin trap come together by the action

of abdominal muscles which remain active during the

larval–pupal metamorphosis (Wilson, 1971).

Manduca sexta, a model for studies on pupal gin trap

behaviour

In the past 30 years, the tobacco hornworm Manduca

sexta has been used as a model for the study of pupal

gin trap reflex. These studies have provided significant

insights into the evolution of pupal antipredator behaviour,

insect metamorphosis and neurobiology (Bate, 1973a, b, c;

Levine & Truman, 1983; Levine et al., 1985; Waldrop &

Levine, 1989, 1992; Lemon & Levine, 1997a, b; Consulas

et al., 2000; Baker et al., 2001). Below, we summarize briefly

the results of these investigations, which are generally not

widely known among systematists but are highly relevant to

the topics discussed in this paper.

The pupa of Manduca sexta has three pairs of gin traps

that appear as dorsoventrally elongated cavities on the sides

of the abdominal segments. The margins of the cavities are

bordered by sclerotized jaws and are similar to other pupal

gin traps described by Hinton (1946, 1955). Rapid closure

of the gin trap from the resting position is triggered by the

stimulation of one or several mechanoreceptors (hair sen-

silla) found within the gin trap cavity itself, or near it. The

sensilla that line the abdominal segments in Manduca sexta

pupae (including those located in the gin trap cavities) are

Table 1. Summary of antipredator structures recorded in pupae of Tenebrionidae (modified from Steiner, 1995). Listed for each taxon are the

type of habitat where the pupa occurs, whether gin traps are present, reduced or absent, as well as additional structures potentially used in

defence mechanisms.

Taxon Microhabitat Gin traps Other

Lagriinae

Most genera Soil, litter, under bark, dead plant tissue Absent LS, PU, FU

Adelonia Dead plant tissue Present PU

Phrenapatinae Moist dead plant tissue Absent LS, PU, FU

Pimeliinaea Loose sand, sandy soil Present PU

Zolodinae Under bark, dead plant tissue Present PU

Tenebrioninae

Toxicini Fungi, dead plant tissue Present PU

Most Bolitophagini Fungi Present PU

Bolitonaeus Fungi Reduced PU, LS

Rhipidandrus Fungi Absent PU

Tenebrionini Stored grain, dead plant tissue, under bark, mammal nests Present PU

Ulomini Dead plant tissue, litter Present PU

Amarygmini Dead plant tissue Present PU

Most Opatrini Litter, sand Present PU, FU

Platyscelis Litter, sand Absent PU

Eleodini, Blaptini Sandy soil, sand Present PU

Scotobiini, Scaurini Loose soil Present PU

Eulabini Loose soil Reduced LS, PU

Apocryphini Litter Absent

Tarpela Moist soil/humus Present PU

Helops Sandy soil/humus Absent LS, PU

Alleculinae Loose soil, sand, under bark, treeholes Present LS, PU

Diaperinae

Most Diaperini Woody fungi, litter Present PU

Diaperis, Pentaphyllus, Heterophyllus Hard fungal tissue Absent PU

Crypticini, Phaleriini Soil Present PU, FU

Phaleromela Soil Absent

Hypophloeini, Gnathidiini Under bark Absent PU

Nilionini Under surfaces Absent CS

Coelometopinae

Coelometopini Dead plant tissue (soft) See Table 2

Strongyliini Dead plant tissue (hard) Present/absent LS, PU, DR

CS, chemical secretion; DR, dorsal ridge on tergite 9; FU, fused urogomphi or single pointed projection on tergite 9; LS, laterally projecting spines on abdominal
processes; PU, paired urogomphi on tergite 9.
aThe cutting gin traps of most species of Pimeliinae are located on typical lateral processes of the abdominal segments except for Bothrotes, Epitragodes,
Schoenicus, Stenochara, Troglogeneion and Metriopus, in which lateral extensions are absent or reduced and the cutting gin traps are located on the dorsolateral
surface of the abdomen.
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derived from larval sensilla present on the same segments.

The sensilla that can elicit the gin trap closure behaviour in

the pupa are shorter than other sensilla found in areas away

from the gin traps in the pupa or on the entire abdomen in

the larva. The longer sensilla elicit only a weak flexion reflex

toward the stimulus. At the larval–pupal transition in Man-

duca sexta, the larval nervous system is reorganized allow-

ing the generation of the pupal gin trap behaviour.

Antipredator structures in tenebrionid pupae

As in Manduca sexta, behavioural experiments with live

tenebrionid specimens have shown that the pupal gin trap

closure occurs consistently when specific tactile setae are

stimulated and that the force between the opposing gin

trap components can be considerable (e.g. Wilson, 1971;

Steiner, 1995). In addition to the lateral closure of the gin

traps, tenebrionid pupae are capable of two other abdom-

inal movements when disturbed (Hollis, 1963; Wilson, 1971;

Askew & Kurtz, 1974). The first consists of a dorsoventral

flexion of the abdomen (e.g. when the pupa is stimulated in

areas other than the gin trap). The second type of move-

ment consists of circular rotations of the entire abdomen.

Gin traps and other antipredator structures (e.g. lateral

spines on lateral processes of the abdomen, urogomphi on

abdominal tergite 9) were used recently for the first time to

test hypotheses of relationships previously proposed for

Tenebrionidae (Steiner, 1995). The results showed that

sclerotized structures thought to be involved in antipredator

reflexes in tenebrionid pupae varied more or less consist-

ently between higher groups (subfamilies, tribes), although

several exceptions were noticed (Steiner, 1995; see summary

in Table 1). Steiner (1995) suggested that although pupal

characters show great potential for future phylogenetic

studies, the small number of formally described tenebrionid

pupae and the lack of basic understanding of the variation

of these cuticular structures seriously impede their broader

use.

The objectives of this paper are to: (1) describe the pupae

of ten Coelometopini species occurring in Australia, South-

east Asia and the Pacific region; (2) describe in detail the

pupal gin traps of two species of Coelometopini using scan-

ning electron micrographs; (3) compare the antipredator

structures of all known Coelometopini pupae; and (4)

present information on the variation in pupal characters

(at both inter- and intrageneric levels) and assess their

phylogenetic potential within Coelometopini.

Materials and methods

The specimens included in this study were obtained from

the following collections: Australian National Insect Collec-

tion, Canberra, Australia (ANIC); National Museum of

Natural History, Smithsonian Institution, Washington

DC, U.S.A. (USNM) and Landcare Research, New

Zealand Arthropod Collection, Auckland, New Zealand

(NZAC). Measurements (BL¼ greatest body length taken

from the apex of urogomphi to head, BD¼ greatest abdom-

inal width including lateral processes) were taken with a

graticule mounted on a Wild M3Z (Wild Heerbrugg Ltd,

Heerbrugg, Switzerland). When more than one pupa for a

taxon was used, the range of values is given. It should be

noted that the total length of the pupa can be affected by the

methods used for killing and preserving it. All pupae were

studied in 70% ethanol and drawn using a camera lucida

mounted on a Zeiss Stemi SV 6 microscope (Carl Zeiss

Microscopy, Jena, Germany). The structures used for

Figs 1 and 7 were cut from the specimens in ethanol,

critical-point dried, mounted on stubs, coated with gold

and studied with a JEOL JMS-6400 scanning electron

microscope (JEOL Ltd, Tokyo, Japan) at 15 kv.

Key to the known Coelometopini pupae from Australia,

Southeast Asia and the Pacific region

1. Anterior spine of lateral process of abdominal

segment 5 elongate, conical, acutely pointed ( Fig. 1B,

F); lateral processes of abdominal segments 4 and 5

bearing 2 stiff setae (Figs 1B; 2A) ............................ 2

– Anterior spine of lateral process of abdominal

segment 5 broadly triangular, dorsoventrally flattened

(Fig. 1A, E); lateral processes of abdominal segments

4 and 5 bearing 3 stiff setae (Fig. 2G)...................... 5

2(1). Tergite 9 with a pair of reflexed urogomphi (Figs 3E;

4D); base of urogomphi broad; dorsal surface of

tergite 9 without setose tubercles or spines (Figs 3A;

4A, D) ...................................................................... 3

– Tergite 9 with urogomphi projecting horizontally

(Fig. 3F); base of urogomphi narrow; dorsal surface

of tergite 9 with at least one pair of setose tubercles or

spines (Fig. 3B, D, F)............................................... 4

3(2). Tergite of abdominal segments 4 and 5 bearing

a single pair of setae (Fig. 2E); Norfolk/Philip

Islands .................................Metisopus purpureipennis

– Tergite of abdominal segments 4 and 5 bearing 2 pairs

of setae (Fig. 2A); New Zealand ................................

............................................... Chrysopeplus expolitus

4(2). Projection near antennal insertion broadly rounded,

without tubercles (Fig. 5E); tergite of abdominal

segments 4 and 5 bearing more than 5 pairs of setae each

(Fig. 2B); abdominal tergite 9 with a pair of prominent,

sclerotized, dorsally projecting spines (Fig. 3B, F);

Papua New Guinea .................. Derosphaerus hirtipes

– Projection near antennal insertion triangular, bearing

several small tubercles (Fig. 5C); tergite of abdominal

segments 4 and 5 bearing 4 pairs of setae each

(Fig. 2D); abdominal tergite 9 without dorsally

projecting spines (Fig. 3H); Borneo ...........................

............................................... Leprocaulus borneensis

5(1). Length of metanotum shorter than mesonotum;

Australia.........................................Hypaulax crenata

– Length of metanotum longer than mesonotum

(Fig. 5A); (Promethis spp.) ....................................... 6
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6(5). Tergites of abdominal segments 4 and 5 with 5 or

fewer pairs of fine setae (Fig. 2F, I); tergite of

abdominal segment 9 with sparse setation throughout

(Fig. 4E, H); dorsal surface of urogomphi without

seta ........................................................................... 7

– Tergites of abdominal segments 4 and 5 with 8 or

more pairs of fine setae (Fig. 2J); tergite of abdominal

segment 9 heavily setose (Fig. 4F, I); dorsal surface of

urogomphi bearing a single seta (Fig. 4C,

F) .............................................................P. sulcigera

7(6). Head without prominent, apically acute, sclerotized

projections near antennal insertions......................... 8

– Head with prominent, apically acute and sclerotized

projections near antennal insertions (Fig. 5D); Papua

New Guinea ......................................P. quadraticollis

8(7). Tergites of abdominal segments 4 and 5 with 4 or 5

pairs of fine setae (Fig. 2F, H); Australia ..................

..................................... P. carteri and P. quadricollis

– Tergites of abdominal segments 4 and 5 with 2 pairs

of fine setae (Fig. 2I); Australia .................... P. nigra

Chrysopeplus expolitus Broun (Figs 2A; 3A, E, I; 6A)

Description. BL: 14.5mm; BW: 3.1mm; white except for

darker apices of spines on lateral processes and urogomphi;

body sparsely setose, setae nearly translucent; lateral

processes of abdominal tergites well developed, bearing 2

stiff setae; tergite 9 with pair of reflexed urogomphi

(Fig. 3E).

Head prominent in dorsal view, sparsely setose through-

out; without projections near antennal insertion. Pronotum

wider than long, with lateral borders broadly convex, widest

on posterior half, anterior angles rounded, projecting

slightly further than anterior border (Fig. 6A); with fine

setae along lateral border; pronotal disc with few, sparsely
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Fig. 1. Scanning electron micrographs of

Coelometopini gin traps in dorsal view.

A, C, E, Promethis quadraticollis; B, D, F,

Derosphaerus hirtipes. A, B, Dorsal view

of structures forming the gin trap between

abdominal segments 4 and 5; C, close-up

of the posterior border of the lateral

process; D, hair sensillum near the base

of the anterior spine on the lateral

extension of tergite 5; E, F, close-up

of the anterior spine. Arrows indicate

hair sensilla. ac ¼ anterior callus;

ant ¼ anterior; as ¼ anterior spine;

hs¼hair sensillum; ls= lateral spine;

pb¼posterior border; pd¼posterior

depression; pos¼posterior; pr¼ posterior

terior ridge; t4–t5¼ tergites 4 and 5.
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distributed setae (Fig. 6A). Elytral sheath with pair of setae

near humerus, slightly longer than metathoracic wing

sheath; mesonotum slightly longer than metanotum; meso-

and metanota shorter than first abdominal tergum; meso-

and metanota with small number of fine setae; metaventrite

short, subequal to length of mesocoxa. Abdominal spiracles

ovate, present on segments 1–6; tergite of segments 4 and 5

with 2 pairs of setae (Fig. 2A); lateral processes of abdomen

bearing apically sclerotized spines on segments 1–7; lateral

processes of segments 4 and 5 bearing 2 stiff setae (Fig. 2A);

gin trap between segments 4 and 5 as in D. hirtipes (Figs 1B;

2A) except for absence of posteriorly projecting barbs on

anterior spine; abdominal sternites 2–8 sparsely setose;

abdominal sternite 8 with 2 pairs of seta-bearing tubercles

medially near posterior border (Fig. 3I); abdominal tergite 9

with pair of prominent, apically sclerotized urogomphi

(Fig. 3A, E), sparsely setose throughout except for dorsal

surface, glabrous (Fig. 3A). Legs same colour as body, with

small number of sparsely distributed, fine setae.

Distribution. The genus Chrysopeplus contains two spe-

cies, both of which are restricted to New Zealand (Watt,

1992). Chrysopeplus expolitus has been recorded from the

northern tip of North Island (Watt, 1992).

Material studied. NEW ZEALAND: Auckland; Noises

Is. David Rocks, ex. dead branch Pseudopanax lessonii,

15.xii. 1977, J.C. Watt leg. Single pupa with exuvium from

last instar larva (NZAC).

Comments. The pupa of C. expolitus is most similar to

M. purpureipennis. Both have reflexed urogomphi with broad

bases as well as a glabrous dorsal surface of tergite 9.

Chrysopeplus expolitus has two pairs of setae on the dorsal

surface of most abdominal tergites compared with only one

in M. purpureipennis.

Derosphaerus hirtipes Kaszab (Figs 1B, D, F; 2B; 3B,
F, J; 5E; 6B; 7B)

Description. BL: 17.9mm; BW: 4.0mm; pale yellow; body

heavily setose, setae dark, fine; lateral processes of abdom-

inal tergites bearing 2 stiff setae, with prominent anterior

spines (Figs 1B, F; 2B); tergite 9 with pair of horizontally

projecting urogomphi, with pair of apically sclerotized,

prominent, dorsal spines (Fig. 3B, F).

Head visible in dorsal view, heavily setose throughout;

with small, apically subquadrate projections near antennal

insertion (Fig. 5E). Pronotum wider than long, widest near

middle, with lateral borders broadly convex, anterior angles

broadly rounded, not projecting further than anterior bor-

der (Fig. 6B); with long, fine setae throughout, setae densest

on anterior half, setae originating from small tubercles

along lateral border and near anterior angles; hypomeron

with several dark setae. Elytral and metathoracic wing

sheaths glabrous, subequal in length; metanotum slightly

longer than mesonotum; meso- and metanota subequal or

slightly longer than first abdominal tergum; meso- and

Fig. 2. Right half of fourth and fifth

abdominal segments in dorsal view. A,

Chrysopeplus expolitus; B, Derosphaerus

hirtipes; C, Hypaulax crenata; D, Lepro-

caulus borneensis; E, Metisopus pupurei-

pennis ; F, Promethis carteri ; G,

P. quadraticollis; H, P. quadricollis; I,

P. nigra; J, P. sulcigera. Arrows indicate

which setae are retained on the surface of

tergite 8 when different from the pattern

shown on tergite 5. ant¼ anterior;

pos¼ posterior; t4–t5¼ tergites 4 and 5.
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metanota with several pairs of dark, fine setae; metaventrite

elongate, much longer than length of mesocoxa; meso- and

metaventrite glabrous. Abdominal spiracles ovate, present

on segments 1–6; tergite of segments 4 and 5 with several

pairs of setae (Fig. 2B); tergite 7 with 5 pairs of setae only

(see Fig. 2B); lateral processes of abdomen bearing apically

sclerotized spines on segments 1–8; lateral processes of seg-

ments 4 and 5 bearing 2 stiff setae (Figs 1B; 2B); gin trap

between segments 4 and 5 as in Figs 1(B) and 7(B); segments

1–8 with small number of laterosternal setae; abdominal

sternites 2–8 with several pairs of setae; abdominal tergite

9 with pair of prominent, apically sclerotized, horizontally

projecting urogomphi (Fig. 3F), with several setae through-

out, with pair of sclerotized setiferous spines on dorsal sur-

face (Fig. 3B, F). Legs same colour as body; procoxae

glabrous; femora with several dark, fine setae near distal

apex; foretibiae with 8–10 fine setae, meso- and metatibiae

with 2 setae only; tarsi with small number of dark setae near

distal apex.

Distribution. Derosphaerus contains approximately

seventy-five species distributed in Africa, Asia, New

Guinea, the Pacific region and Australia (Bouchard,

2002). Derosphaerus hirtipes is known only from Papua

New Guinea (Kaszab, 1987).

Material studied. PAPUA NEW GUINEA: Morobe

Prov., Mt. Gumi, 2400m, 07�1005200S; 46�2801600E, 14.vii.
1999, P. Bouchard, D. Yeates, S. Winterton leg. Two adults,

three mature larvae and a single pupa were collected near

each other in a dead log. All material deposited in ANIC.

Comments. The pupa that most closely resembles that

of D. hirtipes is that of L. borneensis. Both of these pupae

have a pair of elongate, horizontally projecting urogomphi.

Derosphaerus hirtipes is the only pupa treated here

with a pair of sclerotized, setiferous, dorsal spines on

tergite 9.

Hypaulax crenata (Boisduval) (Figs 2C; 3C, G, K; 6C)

Description. BL: 23.9–26.7mm; BW: 7.6–7.8mm; pale

yellow; body sparsely setose, setae dark; lateral processes

Fig. 3. Features of abdominal segment 9.

A, E, I, Chrysopeplus expolitus; B, F, J,

Derosphaerus hirtipes; C, G, K, Hypaulax

crenata; D, H, L, Leprocaulus borneensis.

A–D, Dorsal view; E–H, lateral view;

I–L, ventral view. ds¼dorsal spine;

s8–s9¼ abdominal sternites 8 and 9;

t8–t9¼ tergites 8 and 9; ur¼ urogomphi.
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of abdominal tergites prominent, bearing 3 stiff setae;

tergite 9 with pair of reflexed urogomphi (Fig. 3G).

Head almost entirely concealed in dorsal view, sparsely

setose throughout; with small, broadly rounded projections

near antennal insertion. Pronotum wider than long, widest

near middle, with lateral borders broadly convex, anterior

angles rounded, projecting slightly further than anterior

border (Fig. 6C); with small number of long, fine setae

along lateral border; with shorter, thicker setae on anterior

half of lateral border; pronotal disc with few, sparsely

distributed fine setae (Fig. 6C); hypomeron with small

number of setae. Elytral and metathoracic wing sheaths

glabrous, latter slightly shorter apically; mesonotum slightly

longer than metanotum; meso- and metanota shorter than

first abdominal tergum; meso- and metanota with 2 pairs of

setae (one specimen with one additional pair of setae near

base of elytral sheath); metaventrite short, shorter than

length of mesocoxa; meso- and metaventrite glabrous.

Abdominal spiracles ovate, present on segments 1–6; tergite

of segments 4 and 5 with 5 pairs of setae (Fig. 2C); lateral

processes of abdomen bearing apically sclerotized spines on

segments 1–8; lateral processes of segments 4 and 5 bearing

3 stiff setae (Fig. 2C); gin trap between segments 4 and 5 as

in P. quadraticollis (Figs 1A; 7A); segments 2–8 with small

number of sternolateral setae; abdominal sternites 2–8 with

5–7 pairs of setae; abdominal sternite 8 with 2 pairs of

small, seta-bearing tubercles medially near posterior border

(Fig. 3K); abdominal tergite 9 with pair of prominent,

apically sclerotized urogomphi (Fig. 3G), with several setae

throughout (Fig. 3C, G, K). Legs same colour as body;

procoxae with small number of fine setae; femora bearing

small number of sparsely distributed, fine setae; tibiae with

5–10 fine setae; tarsi with small number of dark setae near

distal apex.

Distribution. Hypaulax contains sixteen species and is

endemic to Australia (Bouchard, 2002).

Material studied. AUSTRALIA: Queensland; 5 km

south by west of Rounded Hill, 7.x.1980, T. Weir leg. Two

pupae were collected with a single adult (pinned) and two

mature larvae. All specimens are in ANIC.

Comments. The pupa ofH. crenata closely resembles those

of the genus Promethis in the features of the gin traps

(Figs 1A, C, E; 7A) and the abdominal tergite 9. The meta-

notum and metaventrite in the pupa of the flightless

H. crenata are shorter than those of the fully winged

species of Promethis described here (see Spilman, 1979 for a

discussion on the variation in pupal structures in tenebrionids

with macropterous vs brachypterous metathoracic wings).

Fig. 4. Features of abdominal segment 9.

A, D, G, Metisopus pupureipennis; B, E, H,

Promethis quadraticollis; C, F, I, P. sulcigera.

A–C, Dorsal view; D–F, lateral view; G–I,

ventral view. Arrow indicates position of

seta on dorsal surface of urogomphi.
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Leprocaulus borneensis Kaszab (Figs2D; 3D, H, L; 5C;
6D)

Description. BL: 12.3–13.2mm; BW: 3.0–3.9mm; whitish;

body sparsely setose, setae light brown, fine; lateral

processes of abdominal tergites bearing 2 stiff setae,

with prominent anterior spines (Fig. 2D); tergite 9

with pair of elongate, horizontally projecting urogomphi

(Fig. 3D, H).

Head only slightly visible in dorsal view, sparsely setose

throughout; with prominent, triangular projections near

antennal insertion bearing small, slightly darker tubercles

(Fig. 5C). Pronotum wider than long, widest just posterior

of middle, with lateral borders broadly convex, anterior

angles broadly rounded, not projecting further than anter-

ior border (Fig. 6D); with small number of long, fine setae

throughout; with several shorter, thicker spines along lat-

eral border, anterior border and near posterior angles

(Fig. 6D); hypomeron with small number of thick spines.

Elytral and metathoracic wing sheaths glabrous, latter

slightly shorter; metanotum slightly longer than meso-

notum; meso- and metanota with small number of fine setae;

metaventrite short, subequal to length of mesocoxa; meso-

and metaventrite glabrous. Abdominal spiracles ovate, pre-

sent on segments 1–6; tergite of segments 4 and 5 with 4

pairs of setae (Fig. 2D); lateral processes of abdomen bear-

ing apically sclerotized spines on segments 1–8; lateral pro-

cesses of segments 4 and 5 bearing 2 stiff setae (Fig. 2D); gin

trap between segments 4 and 5 as in D. hirtipes (Figs 1B;

7B); segments 1–8 with small number of laterosternal

setae; abdominal sternites 2–7 with 2–4 pairs of setae;

abdominal tergite 9 with pair of prominent, apically sclerot-

ized, horizontally projecting urogomphi, with small number

of setae throughout (Fig. 3D, H, L). Legs same colour as

body; procoxae glabrous; femora with fine setae near distal

apex; meso- and metatibiae with 2 setae, protibiae with few

more setae; tarsi with small number of setae near distal

apex.

Distribution. Leprocaulus contains fifteen species distrib-

uted in Southeast Asia (Kaszab, 1983). Leprocaulus bor-

neensis is known only from Mount Kinabalu on the island

of Borneo (Kaszab, 1982b, 1983).

Material studied.MALAYSIA: Sabah, Kinabalu National

Park, summit trail, Paka Cave to Panar Laban, 3200–3350m,

16.ix. 1983, W. Steiner & G. & J. Hevel leg. Four larvae

collected in rotting wood of Phyllocladus (Podocarpaceae),

associated with nine adults; one mature larva reared to

pupa. Pupa killed on 16.x. 1983. MALAYSIA: Sabah,

Kinabalu National Park, Panar Laban area, el. 3350m, 15.ix.

1983, W. E. Steiner & G. F. & J. F. Hevel leg. Eleven

mature larvae, fifteen adults and one partly deformed pupa

together with exuvium from last instar larva. Field notes

by W.E.S. indicate that specimens taken on 15.ix.1983

were found in rotten wood of Leptospermum (Myrtaceae)

and Dacrydium (Podocarpaceae). All material deposited in

USNM.
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Fig. 5. Pupa of Promethis quadraticollis. A, Ventral view; B, dorsal

view. Pupal head in lateral view (arrows indicate position of

projections near antennal insertions). C, Leprocaulus borneensis; D,

P. quadraticollis; E, Derosphaerus hirtipes. Note: the specimen of P.

quadraticollis used for (A) and (B) is more distended than other

specimens which have the elytral and metathoracic wing sheaths

closely fitted against the body. an¼ antenna; el¼ elytral sheath;

hd¼head; ms¼mesonotum; mt¼metanotum; mv¼metaventrite;

mw ¼metathoracic wing sheath; pn ¼pronotum; s3–

s9¼ abdominal sternites 2–9; t1–t9¼ tergites 1–9; ur¼urogomphi.
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Fig. 6. Right half of pronotum in dorsal view. A, Chrysopeplus

expolitus; B, Derosphaerus hirtipes; C, Hypaulax crenata; D,

Leprocaulus borneensis; E, Metisopus pupureipennis; F, Promethis

quadricollis.
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Comments. The pupa that most closely resembles that of

L. borneensis is that of D. hirtipes. Both of these pupae have

a pair of elongate, horizontally projecting urogomphi.

Leprocaulus borneensis has both fine setae and short, thick

spines on the pronotum, whereas D. hirtipes only has long,

fine setae on the pronotum.

Metisopus purpureipennis Bates (Figs 2E; 4A, D, G;
6E)

Description. BL: 10.7–13.4mm; BW: 3.4–3.5mm; pale

yellow; body covered with both long and shorter, fine

setae, setae slightly darker than body; lateral processes of

abdominal tergites bearing 2 stiff setae, with prominent

anterior spines (Fig. 2E); tergite 9 with pair of reflexed

urogomphi (Fig. 4D).

Head not prominent in dorsal view, with small number of

long, fine setae throughout, with several shorter setae

throughout; without projections near antennal insertion.

Pronotum wider than long, with lateral borders broadly

convex, widest on posterior half, anterior angles broadly

rounded, not projecting anteriorly (Fig. 6E); with several

large seta-bearing tubercles along lateral border, seta-

bearing tubercles sparse on disc, shorter and finer setae

originating from small tubercles throughout (not illustrated

on Fig. 6E). Elytral sheath with small number of setae on

basal half, slightly longer than metathoracic wing sheath;

mesonotum slightly longer than metanotum; meso- and

metanota slightly shorter than first abdominal tergum;

mesonotum with 3 pairs of setae; metanotum with single

pair of fine setae; metaventrite short, not longer than length

of mesocoxa. Abdominal spiracles ovate, present on seg-

ments 1–6; tergite of segments 4 and 5 with single pair of

setae (Fig. 2E); lateral processes of abdomen bearing apic-

ally sclerotized spines on segments 1–7; lateral processes of

segments 4 and 5 bearing 2 stiff setae (Fig. 2E); gin trap

between segments 4 and 5 as in D. hirtipes (Figs 1B; 7B)

except for absence of posteriorly projecting barbs; abdom-

inal sternites 2–8 with 2 or 3 pairs of setae; abdominal

sternite 8 with 2 pairs of seta-bearing tubercles medially

near posterior border (Fig. 4G); abdominal tergite 9 with

pair of prominent, apically sclerotized urogomphi (Fig. 4D),

sparsely setose throughout except for dorsal surface, glab-

rous (Fig. 4A, D). Legs same colour as body, femora heavily

setose on apical half.

Distribution. Metisopus contains two species, both found

on Pacific islands (Bouchard, 2002). Metisopus purpurei-

pennis is known only from Norfolk and neighbouring Philip

Island.

Material studied. PHILIP ISLAND: Hut Valley, 29�070S;
167�570E, 20–24.xi.1984, T.A. Weir leg. One pupa with two

adults. PHILIP ISLAND: between Red Road and White-

wood Valleys, 29�070S; 167�570E, 20–24.xi.1984, T.A. Weir

leg. One pupa (slightly mangled) with several larvae and

adults.

Comments. The pupa of M. purpureipennis is closest to

C. expolitus among the species described here. Both of these

species have broad, reflexed urogomphi and a glabrous

dorsal surface of tergite 9. Metisopus purpureipennis has

only one pair of setae on each abdominal tergite.
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Fig. 7. Scanning electron micrographs of Coelometopini gin traps in lateral view. A, Promethis quadraticollis; B, Derosphaerus hirtipes.

ac¼ anterior callus; ad¼ anterior depression; ant¼ anterior; as¼ anterior spine; dor¼ dorsal; pb¼ posterior border; pd¼ posterior

depression; pos¼ posterior; pr¼posterior ridge; t4–t5¼ tergites 4 and 5; ven¼ ventral.
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Promethis carteri Kaszab (Fig. 2F)

Description. BL: 20.8–22.0mm; BW: 7.4–7.7mm; pale yellow;

body sparsely setose, setae slightly darker than body; lateral

processes of abdominal tergites prominent, bearing 3

stiff setae; tergite 9 with pair of reflexed urogomphi (see

Fig. 4E).

Head almost entirely concealed in dorsal view, sparsely

setose throughout; with small, rounded projections near

antennal insertion. Pronotum wider than long, widest near

middle or slightly anterior of middle, with lateral borders

broadly convex, anterior angles broadly rounded, project-

ing slightly further than anterior border; with small number

of long, fine setae along lateral border; with shorter, thicker

setae on anterior half of lateral border; pronotal disc with

few, sparsely distributed fine setae; hypomeron with small

number of fine setae. Elytral and metathoracic wing sheaths

glabrous, latter slightly shorter apically; mesonotum shorter

than metanotum; meso- and metanota with small number

of setae; metaventrite longer than length of mesocoxa;

meso- and metaventrite glabrous. Abdominal spiracles

ovate, present on segments 1–6; tergite of segments 4 and

5 with 4 pairs of setae (Fig. 2F); lateral processes of

abdomen bearing apically sclerotized spines on segments

1–8; lateral processes of segments 4 and 5 bearing 3 stiff

setae (Fig. 2F); gin trap between segments 4 and 5 as in

P. quadraticollis (Figs 1A; 7A); segments 2–8 with small

number of sternolateral setae; abdominal sternites 5–8

with 2 pairs of setae near posterior border; abdominal tergite

9 with pair of prominent, apically sclerotized urogomphi,

with several setae throughout (see Fig. 4B, E, H). Legs same

colour as body, sparsely covered with fine setae; procoxae

glabrous.

Distribution. Promethis contains 139 species and is

distributed in Asia, New Guinea, the Pacific region and

Australia (Kaszab, 1988a, b). Promethis carteri is known

from eastern and southeastern Australia, although the

range of this species may extend north to New Guinea (see

comments in Kaszab, 1988b).

Material studied. AUSTRALIA: Queensland, Moses Ck.,

4 km north by east Mt. Finnigan, 14–16.x.1980, T. Weir &

R. Barrett leg. Two pupae with four mature larvae in one

vial (ANIC). One pinned adult with the same label data and

identified by Kaszab is in the same collection.

Comments. The pupa of P. quadricollis is essentially

identical to that of P. carteri. However, Fig. 2(F, H) shows

slightly different numbers of setae on the tergum of abdom-

inal segments 4 and 5. Because slight variations in the num-

ber of setae have been observed in some Promethis

species with more than one pupa available (� one seta), we

decided that P. carteri and P. quadricollis should key out

together.

Promethis nigra (Blessig) (Fig. 2I)

Description. BL: 29.0mm; BW: 7.9mm; same as P. carteri

except for number of setae on tergites of abdominal

segments 4 and 5 (Fig. 2I).

Distribution. See comments under P. carteri for dis-

tribution of genus. Promethis nigra is known from most

Australian states (Kaszab, 1988b).

Material studied. AUSTRALIA: Lake George shore, 7.i.

1971, from old hawthorn trunk, E. Riek leg. One pupa and

one mature larva in a vial. One adult pinned in the collec-

tion. All specimens in ANIC.

Comments. This is the only Promethis species with only

two setae on the tergites of abdominal segments 4 and 5 in

the pupa (Fig. 2I).

Promethis quadraticollis (Gebien) (Figs 1A, C, E; 2G;
4B, E, H; 5A, B, D; 7A)

Description. BL: 37.7mm; BW: 10.1mm; same as P. carteri

except for number of setae on tergites of abdominal

segments 4 and 5 (Fig. 2G) and prominent projection near

antennal insertion (Fig. 5D).

Distribution. See comments under P. carteri for distribu-

tion of genus. Promethis quadraticollis is known only from

New Guinea (both Irian and Papua New Guinea; Kaszab,

1988b).

Material studied. PAPUA NEW GUINEA: Morobe

Prov. Mt. Gumi, 2400m, 07�100520S; 46�2801600E, 14.vii.

1999, at night, on and under bark, P. Bouchard, D. Yeates,

S. Winterton leg. One pupa, three mature larvae, one

teneral adult and several adults were found near each

other in rotten wood. Specimens in ANIC.

Comments. This pupa is the only one described here with

the prominent structures near the antennal insertion shown

in Fig. 5(D).

Promethis quadricollis Pascoe (Figs 2H; 6F)

Description. BL: 22.5–27.9mm; BW: 7.1–7.4mm; same as

P. carteri except for number of setae on tergites of abdom-

inal segments 4 and 5 (Fig. 2H).

Distribution. See comments under P. carteri for overall

distribution of Promethis. Promethis quadricollis is known

from several Australian states, although the range of this

species may extend to Fiji and New Guinea (see comments

in Kaszab, 1988b).
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Material studied. AUSTRALIA: New South Wales,

Ponto Falls, near Wellington, 3.xi.1982, in punky wood,

J.T. Doyen leg. One pupa and one pharate adult. Same

locality, 18.vii.1982, in rotten logs, J.F. Lawrence leg.

One pupa, five larvae and one adult. All specimens in

ANIC.

Comments. See notes under P. carteri.

Promethis sulcigera (Boisduval) (Figs 2J; 4C, F, I)

Description. BL: 27.8mm; BW: 9.1mm; same as P. carteri

except that pupa generally more setose throughout (see

Fig. 4F, I) and with an additional seta on dorsal surface of

urogomphi (Fig. 4C, F).

Distribution. See comments under P. carteri for distribu-

tion of genus. Promethis sulcigera is known from Taiwan,

the Philippines, the Moluccas, New Guinea and northeast-

ern Australia (Kaszab, 1988b).

Material studied. The single pupa studied was collected in

wooden packing cases. PHILIPPINE ISLANDS, Samar,

3.iii.1947, det. P. W. Weber (USNM).

Comments. This is the only Promethis species with a seta

on the dorsal surface of the urogomphi (Fig. 4C, F).

Results and discussion

Antipredator structures in pupae of the tribe Coelometopini

Two main types of gin trap mechanism can be identified

in the pupae described in this paper (Figs 1, 7). The gin traps

in H. crenata and the five species of Promethis are essen-

tially identical. In these species the lateral processes com-

prise one broad, dorsoventrally flattened, triangular spine

projecting anteriorly, a pair of laterally projecting spines

and a sclerotized, slightly curved, posterior border (Fig. 1A,

C, E). Manual manipulation of the pupae shows that the

triangular anterior spine of each lateral process fits tightly

under the posterior border of the previous abdominal

segment when the abdomen is bent laterally (Fig. 2I, J;

described as the tenebrionine type of gin trap closure by

Steiner, 1995: fig. 104).

The pupae of H. crenata and the five species of Promethis

have additional structures on the abdominal wall that may

be involved in antipredator defence. In these species, the

anterior angles of the tergites are more sclerotized than

neighbouring areas and appear as slightly rounded calluses

(‘ac’ in Fig. 1A). These calluses fit tightly into the posterior

depression found on the abdominal wall of the previous

segment when the abdomen is bent laterally. Two add-

itional structures slightly ventral to the lateral processes

can also be found. These are composed of a longitudinally

elongated posterior ridge and a matching anterior depres-

sion on the following abdominal segments (Figs 1A; 7A).

The posterior ridge fits tightly into the anterior cavity when

the abdomen is bent laterally.

The second type of gin trap is exemplified by D. hirtipes

(Figs 1B, D, F; 7B). Among the species described here,

similar structures are found in C. expolitus, L. borneensis

andM. purpureipennis. In these species, the lateral processes

are composed of an elongated, cylindrical anterior spine as

well as two or three laterally to posterolaterally projecting

spines (Figs 1B, D, F; 7B). The posterior border of each

lateral process is straight or slightly curved. The anterior

spine in these species fits tightly under the posterior border

of the previous segment when the abdomen is bent laterally.

The abdominal wall in these species bears no other struc-

tures that may be involved in antipredator mechanisms.

In the pupae of the ten species of Coelometopini

described here, the anterior spine and posterior border of

the lateral processes as well as the abdominal wall between

the gin traps bear a number of hair sensilla (Fig. 1C–E) that

are much shorter than other setae on the surface of the

body. These trigger the gin trap closure response when

stimulated. Paired urogomphi with pointed, sclerotized

apices are present on tergite 9 of all species described here

(see Figs 3, 4). A pair of prominent, sharply pointed spines

on the dorsal surface of tergite 9 is only found in the pupa of

D. hirtipes (Fig. 3B, F).

After describing in detail the antipredator mechanisms of

the ten new pupae from Southeast Asia, Australia, New

Guinea and the Pacific region, we studied and characterized

the defence structures of Coelometopini pupae from other

regions (summary in Table 2). This was carried out by

examining all available specimens in the USNM collection

(this collection includes all Nearctic Coelometopini species

known to date) as well as drawings and descriptions pro-

vided in the literature. The results indicate that all known

Coelometopini pupae have a pair of urogomphi on tergite 9,

have anterior spines on abdominal processes that are either

cylindrical or dorsoventrally flattened and that the abdom-

inal processes bear either two or three stiff setae each. The

presence of dorsal setiferous spines on tergite 9 was

recorded from a total of three species.

Phylogenetic potential of pupal characters

The most recent phylogenetic treatment of Tenebrionidae

(Doyen & Tschinkel, 1982) provided much insight into the

evolution and relationships of this diverse family. Out of

the eighty characters used in Doyen & Tschinkel’s (1982)

phylogenetic analyses, seventy-three were based on adults,

seven on larvae and none on pupae. Steiner (1995) was the

first to use pupal characters to test the hypotheses of the

relationships proposed by Doyen & Tschinkel (1982). The

results showed that gin traps and other external features

of tenebrionid pupae can be very useful in assessing the

relationships of higher taxa within Tenebrionidae (Steiner,

1995), although much more descriptive work is required to

understand fully the evolution of various character systems.
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Below we discuss the phylogenetic potential of pupal char-

acters at inter- and intrageneric levels within Coelometo-

pini. It should be noted that Coelometopini was described

formally only recently (Doyen, 1989) and that the relation-

ships of the genera on a world scale are largely unknown.

Bouchard & Yeates (2001) showed that Hypaulax and

Promethis (along with Graptopezus and Rhophobas) form a

distinct clade within Coelometopini occurring in Australia

and surrounding countries. The monophyly of this clade is

supported by characteristic features of the female oviposi-

tor, female genital tube, as well as external characteristics of

adults (Bouchard & Yeates, 2001). Very similar features in

the pupae in H. crenata and the five species of Promethis,

e.g. lateral processes with three stiff setae, with a broad,

triangular anterior spine, a pair of laterally projecting spines

(Fig. 2C, G) and reflexed urogomphi with cuticular folds

near the base (Figs 3G; 4B), confirm the close relationship

between the members of these two genera. The larvae asso-

ciated with the pupae of H. crenata, P. carteri, P. quadrati-

collis, P. quadricollis and P. nigra are nearly identical, also

confirming the close relationships between the two genera.

The pupa of P. sulcigera is noticeably more setose

(especially on the abdomen) than those of other known

Promethis species. It is the only pupa described here with

setae on the dorsal surface of the urogomphi (Fig. 4C, F).

Promethis is a large genus (139 described species) that

occurs in Asia, New Guinea, the Pacific region and Australia.

In the most recent revision of the genus, P. sulcigera was

placed in the ‘sulcigera’ species group (Kaszab, 1988a, b). In

the same publication, the species P. carteri, P. quadraticollis

and P. nigra belong to the ‘angulata’ species group, whereas

P. quadricollis was placed in the ‘quadricollis’ species group.

The phylogenetic relationships among the species groups in

Promethis are unknown. However, based on our pupal data,

we propose that the ‘angulata’ and ‘quadricollis’ species

groups are related more closely to each other than to the

‘sulcigera’ species group.

It has been proposed that Metisopus, Chrysopeplus, Isopus

and Episopus form a natural clade based on internal and

external characteristics of adults (Kaszab, 1982a; Bouchard

& Yeates, 2001). The pupae of M. purpureipennis and

C. expolitus share a number of unique features, such as a pair

of broad, reflexed urogomphi without cuticular transverse

folds near the base (Figs 3E; 4D); dorsal surface of tergite

9 glabrous (Fig. 4A) and anterior spine of lateral processes

without posteriorly projecting barbs. These pupal structures

provide further evidence that support the close relationships

between Metisopus and Chrysopeplus.

Table 2. Summary of data on antipredator structures in known pupae of Coelometopini. Listed for each taxon are the distribution, the type

of gin trap, additional structures potentially used in defence mechanisms, as well as the source of data. The anterior spine involved in the gin

trap mechanism is either cylindrical or nearly so (CY; see Fig. 1F) or dorsoventrally flattened and broader (FL; see Fig. 1E).

Species Distribution Gin trap type Other Source of data

Alobates pennsylvanica North America FL PU, LS(3) Daggy (1946); this paper

Camaria divaricataa South America ? PU, LS(?) Costa et al. (1988)

Catapiestus indicusa India ? PU, LS(?) Gravely (1915)

Chrysopeplus expolitus New Zealand CY PU. LS(2) This paper

Derosphaerus hirtipes Papua New Guinea CY PU, LS(2), DS This paper

Glyptotus cribratus North America FL PU, LS(2) This paper

Haplandrus fulvipes North America FL PU, LS(2) Steiner (1995); this paper

Hypaulax crenata Australia FL PU, LS(3) This paper

Iphthiminus italicus Europe ? PU, LS(?) Mulsant & Revelière (1859)

Iphthiminus spp. North America FL PU, LS(3) Steiner (1995); this paper

Isicerdes sp.a South America ? PU, LS(?) Costa et al. (1988)

Leprocaulus borneensis Borneo CY PU, LS(2) Steiner (1995) (as Misolampidius sp.); this paper

Menephilus cylindricusa Europe, Asia ? PU, LS(?) Perris (1857)

Merinus laevis North America CY PU, LS(2), DS St.-George (1924); Daggy (1946); this paper

Metisopus purpureipennis Norfolk – Philip Islands CY PU, LS(2) This paper

Mylaris maximaa South America ? PU, LS(?) Costa et al. (1988)

Polopinus sp. North America FL PU, LS(3) Steiner (1995); this paper

Polypleurus perforatus North America FL PU, LS(3) Steiner (1995); this paper

Promethis carteri Australia FL PU, LS(3) This paper

P. nigra Australia FL PU, LS(3) This paper

P. quadraticollis Papua New Guinea FL PU, LS(3) This paper

P. quadricollis Australia FL PU, LS(3) This paper

P. sulcigera Southeast Asia, Australia,

Pacific Islands

FL PU, LS(3) Steiner (1995); this paper

Upis ceramboides Holarctic CY PU, LS(2), DS Saalas (1913); Steiner (1995); this paper

Xylopinus aenescens North America FL PU, LS(2) This paper

X. saperdioides North America FL PU, LS(2) Daggy (1946); this paper

DS, dorsal spines on tergite 9; LS, laterally projecting spines on abdominal processes, PU, paired urogomphi on tergite 9.
aPupa not seen by the authors. The lateral processes have either two or three stiff setae.
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The pupae of D. hirtipes and L. borneensis have lateral

processes of the abdomen that are very similar to those of

M. purpureipennis and C. expolitus (elongate, narrow anter-

ior spine; lateral processes bearing two stiff setae; absence

of cuticular structures on the body wall between gin

traps). However, the presence of posteriorly projecting

barbs on the anterior spines of the lateral processes and

the horizontally projecting urogomphi are features unique

to D. hirtipes and L. borneensis among the species described

here. Although untested phylogenetically, Derosphaerus,

Leprocaulus, Ahexaroptrum, Hexarhopalus and Asbolodes

probably form a monophyletic clade based on adult

morphology (Kaszab, 1960, 1983; Becvar, 1997). Our data

support a close relationship between Derosphaerus and

Leprocaulus.

If we compare the pupae described above with those of

the Nearctic region (Table 2), two distinct patterns emerge.

Cylindrical anterior spines involved in the gin trap mechan-

ism can be found in Chrysopeplus,Metisopus, Derosphaerus,

Leprocaulus, Merinus and Upis. Among these genera,

Chrysopeplus and Metisopus have unique broad, reflexed

urogomphi which separates them from the four others that

have narrower, horizontally projecting urogomphi. As in

Derosphaerus and Leprocaulus, the two Nearctic genera

Merinus and Upis have posteriorly pointing barbs on the

anterior spines of their abdominal processes. However, as

opposed to Derosphaerus and Leprocaulus, these barbs are

restricted to the inner side of the spine. The presence of

dorsal spines on tergite 9 was only recorded from three

of the twenty-six taxa listed in Table 2. These were

Derosphaerus, Merinus and Upis. These results seem to indi-

cate that the genera Derosphaerus, Leprocaulus, Upis and

Merinus, which have clubbed femora in the adult stage, are

quite closely related to each other. The relationships of

these four genera with Chrysopeplus and Metisopus, all of

which share similar gin trap structures, remain unclear.

A second pattern in Coelometopini involves Alobates,

Hypaulax, Iphthiminus, Polopinus, Polypleurus and

Promethis (Table 2). In the pupae of these taxa, the lateral

processes of the abdomen support three stiff setae, have

broad, flattened anterior spines and reflexed urogomphi

that are transversely wrinkled near the base (not as clear

in Polopinus and Polypleurus). The structures described on

the abdominal wall of Promethis spp. and H. crenata (pos-

terior ridge fitting into the anterior depression; Fig. 7A) are

also present in the four North American genera listed

above. According to our results based on pupae alone,

these six genera belong to a single clade within Coelometo-

pini.

As currently defined, Coelometopini comprises one of the

major groups of Tenebrionidae, especially in tropical

regions (Doyen, 1989). It is also thought to be one of the

most variable, and producing a meaningful generic classifi-

cation for this group remains a major task (Doyen, 1989;

Bouchard & Yeates, 2001). Although information on the

internal structures associated with the female genital tube,

the female ovipositor and the defence glands will be critical

in providing a stable classification, the data presented here

clearly demonstrate that characters based on pupal stages

can also be very useful in studies of intra- and intergeneric

relationships.

Conclusion

Studies on model insects (Manduca sexta, Tenebrio molitor)

have demonstrated that the holometabolan pupal gin trap

reflex is very complex and requires a dedicated central

nervous system circuitry solely for this behaviour. Although

much remains to be learned about antipredator structures

and behaviours in insect pupae, it can be argued that com-

plex abdominal movements are subject to selective pressures

and are likely to be essential for survival (see Baker et al.,

2001). Unfortunately, holometabolous pupae are largely

immotile (but see Crowson, 1981) and only occur for a

short period of the insect’s life. Because of this, pupae are

rarely collected in the field (especially in Coleoptera) and

generally very few have been described in the literature.

Systematists can only hypothesize about the potential func-

tion of sclerotized structures present in pupae. Clearly,

more taxonomic, ecological and behavioural studies are

needed in order to fully appreciate the phylogenetic and

evolutionary significance of such structures.
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