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A cladistic analysis of Curculionidae was performed results the hypothesis of monophyly of broad-nosed

using 49 characters (41 from larvae, three from pupae,
and five from adults). Illustrations of characters of
immatures are provided. The analysis involved 19
terminal units and a hypothetical ancestor determined
by the outgroup comparison method used to root the
tree. One most parsimonious cladogram was obtained
based on the complete data set and the following
phylogenetic hypothesis is proposed: Ithycerinae,
Microcerinae, and Brachycrinae sensu stricto are
broad-nosed weevils placed sequentially at the base of
the cladogram. The remaining weevil subfamilies form
two major natural groups: one constituted by the sister
taxa Rhynchophorinae—Platypodinae; the other with
Erirhininae at the base, as sister taxon of the “Curculion-
idae sensu stricto” which show an unresolved trichotomy
involving Curculioninae, Cossoninae—Scolytinae, and
the clade including the Entiminae and allied subfamilies.
This latter clade of broad-nosed weevils has Thecestern-
inae at the base; the next branch is Amycterinae, the
sister taxon of the clade comprising two groups: one con-
stituted by Aterpinae, Rhytirrhininae, and Gonipterinae;
the other is Entiminae whose units form two main
clades: one constituted by the sister tribes Pachyrhyn-
chini—Ectemnorhinini, and the other by Alophini,
Sitonini, and Entimini. When the analysis was done
using only immature characters, results congruent with
those based on the complete data set were obtained,
except for the placement of Erirhininae. According to the

weevils is not accepted; the Entiminae are justified as
monophyletic and their natural classification into tribes
is proposed and the phylogenetic position and relation-
ships of higher taxa of Curculionidae are discussed. This
paper shows the importance of immature characters in
recognition of natural groups and relationships in
Curculionidae.  
© 1997 The Willi Hennig Society

INTRODUCTION 

Weevils (Coleoptera: Curculionidae), with about
48,000 valid species, are the largest family of known
organisms (Anderson, 1993, 1995). Higher-level classi-
fication of weevils is difficult, and the subject of debate
and disagreement among specialists (Morimoto, 1962;
Crowson, 1967; Thompson, 1992; Kuschel, 1995).
Because knowledge of immature stages is relatively
poor, most of these studies are focused on adults.
There is increasing interest in reconstructing phyloge-
nies and discovering natural groups, and the use of
characters from immature stages may prove helpful to
reach this goal. 
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One such difficulty concerns the monophyly of
“broad-nosed” weevils, that group of curculionids
which have a relatively short and stout rostrum not
used to prepare oviposition sites. Taxa sharing this fea-
ture include Ithycerinae, Microcerinae, Brachycerinae
sensu stricto, Thecesterninae, Amycterinae, Aterpinae,
Rhytirrhininae, Gonipterinae, and Entiminae. Kuschel
(1990, 1995) merged the broad-nosed weevils into the
subfamily Brachycerinae, which he treated as a single
terminal unit in his phylogenetic analysis of families
and subfamilies of Curculionidae. Thompson (1992),
however, questioned the monophyly of Brachycerinae
sensu Kuschel because the subfamily contains taxa
with both the orthocerous and gonatocerous type of
male genitalia, and the latter character is deemed as the
synapomorphy defining Curculionidae senus stricto.
On the other hand, my own research (Marvaldi, 1995)
on immature stages representative of several family
groups of broad-nosed weevils led me to suspect that
they probably do not constitute a monophyletic group.
Kuschel (1995) admitted that the classification of
Curculionidae into six subfamilies was far from satis-
factory. Thus I decided not to assume a priori the
monophyly of Brachycerinae sensu Kuschel, but to test
this hypothesis using cladistic methodology and by
including other weevil subfamilies as terminal units in
the analysis. 

My main objective was to use evidence from the
immature stages to conduct a phylogenetic analysis of
the higher taxa placed within Curculionidae, in order
to test the monophyly of broad-nosed weevils. I was
also interested in analysing the phylogenetic position
and relationships of this group of weevils, as well as of
other Curculionidae, with the goal of explaining some
aspects of their evolutionary history. Finally, I also
wanted to test the monophyly of Entiminae, the largest
subfamily of broad-nosed weevils, and to propose a
natural tribal classification. 

MATERIALS AND METHODS 

Taxa 

The cladistic analysis involves 20 terminal taxa,
including a hypothetical ancestor constructed by

outgroup comparison. Nine of these terminal taxa are
broad-nosed weevils belonging to Brachycerinae sensu
Kuschel (1995): Ithycerinae, Microcerinae, Brachyceri-
nae sensu stricto, Thecesterninae, Amycterinae,
Aterpinae, Rhytirrhininae, Gonipterinae, and Entimi-
nae. For the last I considered there to be five tribes:
Pachyrhynchini, Ectemnorhinini, Alophini, Sitonini,
and Entimini. All these taxa, except for Microcerinae,
were defined on the basis of larval descriptions (Mar-
valdi, 1995, in press). Mature larvae, and sometimes
first-instar larvae if available, of about 95 species of
broad-nosed weevils were studied (Appendix I).
Pupae were examined for some of these species. Infor-
mation on larvae of Microcerinae was taken from
Louw (1995). 

The terminal taxa that do not correspond to
broad-nosed weevils  are:  Rhynchophorinae,
Platypodinae, Erirhininae, Curculioninae, Cossoninae,
and Scolytinae. These taxa were defined on the basis of
published information and on larval material (and also
pupae if available) of about 35 species examined
(Appendix I). Erirhininae (in the restricted sense of
Kuschel, 1971, 1987) are treated as a separate subfamily
(Kuschel ,  1985,  1988) ,  not  as  a  tr ibe  within
Curculioninae (Kuschel, 1995). On the other hand
Hyperini, though considered as a tribe of the enlarged
Brachycerinae (May, 1993), are excluded as a terminal
unit in the present analysis because their larval and
adult characters correspond to Curculioninae, proba-
bly close to Cionini (Marvaldi, pers. obs.). The
subfamily Curculioninae, in the broad sense of Kuschel
(1995) and as here defined, comprise nearly 50% of the
species of Curculionidae. 

Characters, Polarity and Coding 

Forty-nine characters were selected (Table 1). Most
of them (84%) are taken from larval morphology (char-
acters 1–41), three from the pupa (characters 42–44),
and five from the adult, including the type of oviposi-
tion (characters 45–49). 

Larval and Pupal Characters 

The selection of immature characters was based on a
previous morphological study of broad-nosed weevils
(Marvaldi, 1995). The information on larvae and pupae
Copyright © 1997 by The Willi Hennig Society
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of non-broad-nosed weevils and the outgroup was
taken from the material examined and from several
bibliographical sources, mainly Böving and Craighead
(1931), Gardner (1932, 1934a, b, 1938), Kuschel (1943),
Scherf (1964), Costa et al. (1988), Anderson (1991) and
May (1993, 1994). Information about the larval Mal-
pighian tubules (character 41 in Table 1) was obtained
from Sanborne (1981), Louw (1990), and May (1993,

1994). These papers were also used to compile data on
the pupal stage. 

The larval characters 1, 3, 7, 15 and 33 (Table 1) were
also used by Kuschel (1995) and correspond to his
characters 39, 40, 126, 32, and 81 respectively. How-
ever, the assignment of the character states is different,
except for character 1.
Table 1. Character List Used in the Cladistic Analysis of Curculionidae (Plesiomorphic State=0; Apomorphic States=1–3)
Larva  
1. Frontal lines [0] complete, reaching articulating

membrane of mandibles (see Emden, 1938: fig-
ures 2, 3); [1] incomplete, not extending to
mandibles (Fig. 1; see Emden, 1938: figures 1, 4). 

2. Epicranial areas [0] without longitudinal furrows
(Fig. 3); [1] with a longitudinal furrow coincident
with dorsoepicranial seta 2; [2] with three longi-
tudinal furrows coincident with dorsoepicranial
setae 1, 2 and 5 (Fig. 4). 

3. Postoccipital margin of head [0] simple (Fig. 5);
[1] with condyle or sclerotized subtriangular
flange on each side (Fig. 6); [2] with postoccipital
condyles inconspicuous and represented by
thickened ridge along margin (Fig. 7). 

4. Head [0] lacking posterior lamina with two
attachment points or apodemes (Figs 5-7); [1]
bearing posterior lamina with two attachment
points or apodemes (Figs 8, 9). 

5. Frontal seta 5 [0] well developed (Figs 2-4); [1]
very reduced or vestigial.

6. Dorsoepicranial seta 2 [0] well developed (Fig.
2-4); [1] very reduced or vestigial.

7. Dorsoepicranial seta 3 [0] on epicranium; [1] in
frontal line or on frons (Figs 2-4).

8. Epicranial sensillum next to dorsoepicranial seta
2 [0] present (Fig. 2); [1] absent (Figs 3, 4). 

9. Antennal sensorium [0] circular in apical view
(Fig. 10B); [1] elliptical in apical view (Fig. 13B). 

10. Antennal position on anterior margin of head [0]
oblique (Figs 2, 4, 10, 11, 14); [1] transverse (Figs
3, 12, 13).

11. Antennal sensorium [0] longer than wide, ogival
or conical (Fig. 10A); [1] flat, almost depressed
(Fig. 11; see Louw, 1995: figure 4); [2] wider than
long, dorsoventrally compressed, cushion-like

(Figs 12, 13A); [3] about as long as wide, hardly
compressed dorsoventrally, slightly pointed at
apex (Fig. 14).

12. Antennal sensorium of larva I [0] symmetrical;
[1] asymmetrical, projected outwards (see Mar-
valdi and Loiácono, 1994: figure 1).

13. Antennal sensorium of mature larva [0] symmet-
rical; [1] asymmetrical, projected outwards (Fig.
13A).

14. Clypeus [0] with three pairs of setae (Fig. 15); [1]
with two pairs of setae (Fig. 16).

15. Labrum [0] with four pairs of setae (Fig. 15); [1]
with three pairs of setae (Fig. 16).

16. Lateral labral seta [0] well developed (Figs 15,
16); [1] very reduced or vestigial (Fig. 17).

17. Labrum [0] uniformly pigmented (Figs 15, 17); [1]
pigmented on two subtriangular areas (Fig. 16). 

18. Epipharynx with anteromedian setae 1 [0] sub-
equal or of smaller size than anterolateral setae
(Fig. 18); [1] very conspicuous, of greater size
than anterolateral setae (Fig. 19).

19. Epipharynx with sensillum clusters [0] between
median epipharyngeal setae 1 and 2 (Fig. 18); [1]
between median epipharyngeal setae 2 and 3. 

20. Mandibular apex [0] bidentate (Figs 20, 21); [1]
unidentate (Fig. 22); [2] tridentate (Fig. 23).

21. Mandibular cutting-edge [0] with accessory teeth
on its intermediate part (Figs 20, 22); [1] without
accessory teeth on its intermediate part (Figs 21,
23).

22. Mandibular scrobe [0] sclerotized as the rest of
the mandible (Figs 20, 22, 23); [1] weakly sclero-
tized, pale (Fig. 21). 

23. Maxillary mala [0] with five ventral setae (Figs
24, 25A-29A); [1] with four ventral setae (Figs
30A-34A). 
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All rights of reproduction in any form reserved



 

288

 

Marvaldi 

      
24. Maxillae and epipharynx [0] with simple setae
(Figs 18, 27B); [1] with some branched setae (Fig.
26B).

25. Dorsal malar setae [0] regularly aligned in one file
(Figs 26B-34B); [1] irregularly distributed (Fig.
25).

26. Postmentum [0] not pigmented (Figs 28, 32-34);
[1] pigmented (Fig. 29).

27. Labium with posterior extension of premental
sclerite [0] subtriangular, with convergent sides
and acute apex (Figs 28, 29, 32); [1] subrectangu-
lar, with subparallel sides and truncate or
expanded apex (Figs 33, 34).

28. Legs [0] present and bisegmented (see Sanborne,
1981: figures 33, 42, 136); [1] vestigial with faint
segmentation; [2] absent (Fig. 35).

29. Pedal areas [0] not sclerotized; [1] sclerotized (see
May, 1970: figure 9).

30. Pronotum [0] simple (Fig. 35); [1] projected as a
hood over head (see May, 1993: figure 569).

31. Pronotal setae 2 and 6 [0] not conspicuously
longer and thicker than the others (Fig. 35); [1]
markedly longer and thicker than all others (see
Chown and Scholtz, 1989: figure 1). 

32. Prodorsum of thoracic and abdominal segment
[0] with one to two setae (Fig. 35); [1] with four or
more setae (see Louw, 1990: figure 11).

33. Abdominal segments [0] with two dorsal folds
(see Sanborne, 1981; figures 33, 61; Louw, 1995:
figures 1-3); [1] with three to four dorsal folds
(Fig. 35).

34. Prodorsal seta on abdominal segment VIII [0]
present (Fig. 35); [1] absent (Fig. 37).

35. Postdorsal seta 5 on abdominal segment VIII [0]
present (Figs 35, 37); [1] absent (Fig. 36).

36. Spiracular airtubes on abdominal segments I-VII
[0] dorsoposteriorly directed (Fig. 35); [1] posteri-
orly directed (Fig. 36); [2] dorsally directed (Fig.
37).

37. Spiracle of abdominal segment VIII [0] lateral
(Fig. 35); [1] laterodorsal or dorsal (Figs 36, 37). 

38. Spiracular airtubes on abdominal segment VIII
[0] dorsoposteriorly directed; [1] posteriorly
directed; [2] dorsally directed.

39. Abdominal pleura [0] entire (Fig. 35); [1]
subdivided into two or more superimposed lobes
(see Anderson, 1991: figures 34.883a, 34.897a;
May, 1994: figure L925).

40. Intersegmental pockets between epipleura and
pleura [0] absent (Fig. 35); [1] present (see May,
1994: figure L829).

41. Malpighian tubules [0] four in number; [1] six in
number.  

Pupa
42. Mandibular theca [0] lacking setae (Fig. 38); [1]

with one to two setae (Fig. 39).
43. Femoral apex [0] with three or more setae (see

Sanborne, 1981; figures 86, 87; Costa et al., 1988:
figures 2, 3; Louw, 1990: figure 16; May, 1994: fig-
ure P1190); [1] with one to two setae (Figs 38, 39). 

44. Last pair of legs [0] covered by pterothecae (Figs
38, 39; May, 1994: figures P585, P1065); [1] not
covered by pterothecae (May, 1994: figures P924,
P936).  

Adult  
45. Antennae [0] straight (Kissinger, 1964: figure 6);

[1] geniculate (Kissinger, 1964: figure 1).
46. Mouthparts [0] phanerognathous, with maxillae

exposed at the sides of the prementum (Crowson,
1967: figure 204); [1] adelognathous, with maxil-
lae covered by enlarged prementum (Crowson,
1967: figure 205).

47. Deciduous mandibular processes [0] absent; [1]
present (Kissinger, 1964: figures 2, 3; Thompson,
1992: figures 120-166).

48. Male genitalia [0] of the orthocerous type, with
aedeagal tectum or dorsal plate present (Morim-
oto, 1962; Figs. XVII5-7, XVIII12, 13, XIX13; see
Thompson, 1992: 879); [1] of the gonatocerous
type, lacking aedeagal tectum or dorsal plate
(Morimoto, 1962: figure 8; see Thompson, 1992:
880).

49. Oviposition [0] endophytic in a site prepared
with rostrum; [1] ectophytic without participa-
tion of rostrum. 
Copyright © 1997 by The Willi Hennig Society
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FIG. 1. Larval head in frontolateral view (Entiminae-Entimini: 
Otiorhyncus sulcatus). 

FIG. 2. Larval head in dorsal view (Brachycerinae sensu stricto: 
Brachycerus albidentatus). des: dorsoepicranial seta. 

FIG. 3. Larval head in dorsal view (Entiminae-Entimini: Malvinius 
compressiventris). des: dorsoepicranial seta; frons: frontal seta. 

FIG. 4. Larval head in dorsal view (Amycterinae: Cubicorhyncus 
crenicollis). 
Copyright © 1997 by The Willi Hennig Society
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FIG. 9. Larval head in ventral view (Platypodinae: Platypus sp.). FIG. 10. Larval antennae of Amycterinae: Sosytelus pubescens. A: 
lateral view, B: apical view of sensorium. 

FIG. 11. Larval antennae of Brachycerinae: Brachycerus albidentatus. FIG. 12. Larval antennae of Entiminae-Entimini: Trachyphloeus 
bifoveolatus. 

B

A
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B
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FIG. 13. Larval antennae of Entiminae-Sitonini: Sitona 
cylindricollis. A: lateral view, B: apical view of sensorium. 

FIG. 14. Larval antennae of Entiminae-Alophini: Trichalophus 
didymus. 
Copyright © 1997 by The Willi Hennig Society
All rights of reproduction in any form reserved



 

292

 

Marvaldi 

                                 
FIG. 15. Larval clypeus and labrum of Ithycerinae: Ithycerus 
noveboracensis. 

FIG. 16. Larval clypeus and labrum of Entiminae-Entimini: 
Baryotus obscurus. 

Lateral
 seta

Labrum

Clypeus

Labrum

Clypeus

Sensillum
cluster

mes
1
2
3

ams als

Apical teeth

Accessory teeth

FIG. 17. Larval clypeus and labrum of Rhytirrhininae: Listronotus 
bonariensis. 

FIG. 18. Larval epipharynx of Entiminae-Entimini: Barynotus 
obscurus. ams: anteromedian setae; als: anterolateral setae; mes: 
median epipharyngeal setae. 

FIG. 19. Larval epipharynx of Entiminae-Sitonini: Sitona 
gressorius. FIG. 20. Larval mandibles of Rhytirrhininae: Rhigopsidius piercei. 
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All rights of reproduction in any form reserved



 

Higher Level Phylogeny of Curculionidae 

 

293

                   
Scrobe

FIG. 21. Larval mandibles of Entiminae-Entimini: Barypeithes 
mollicomus. 

FIG. 22. Larval mandibles of Entiminae-Pachyrhynchini: 
Pantorhytes biplagiatus. 

FIG. 23. Larval mandibles of Entiminae-Sitonini: Sitona gressorius. 

FIG. 24. Larval maxilliary mala of Ithycerinae: Ithycerus 
noveboracensis. A: ventral setae; B: dorsal setae. 
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FIG. 25. Larval maxilliary mala of Brachycerinae sensu stricto: 
Brachycerus albidentatus. A: ventral setae, B: dorsal setae. 

FIG. 26. Larval maxilliary mala of Rhynchophoridae: Cosmopolites 
sordidus. A: ventral setae; B: dorsal setae. 

FIG. 27. Larval maxilliary mala of Amycterinae: Cubicorhynchus 
crenicollis. A: ventral setae; B: dorsal setae. 

FIG. 28. A: larval maxilla and labium, ventral view; and B: larval 
maxilla, dorsal view, of Rhytirrhininae: Rhigopsidius piercei. 
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FIG. 29. A: larval maxilla and labium, ventral view; and B: larval 
maxilla, dorsal view, of Gonipterinae: Gonipterus gibberus. 

FIG. 30. Larval maxilliary mala of Entiminae-Pachyrhynchini: 
Pantorytes biplagiatus. A: ventral setae; B: dorsal setae. 

FIG. 31. Larval maxilliary mala of Entiminae-Alophini: 
Trichalophus didymus. A: ventral setae; B: dorsal setae. 

FIG. 32. A: larval maxilla and labium, ventral view; and B: larval 
maxilla, dorsal view, of Entiminae-Sitonini: Sitona gressorius. 
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FIG. 34. A: larval maxilla and labium, ventral view; and B: larval 
maxilla, dorsal view, of Entiminae-Entimini: Asynonychus cervinus. 

FIG. 35. Larva in lateral view of Entiminae-Entimini: Otiorhyncus sulcatus. pns: pronotal seta; prs: prodorsal seta; pds: postdorsal seta; A: 
abdominal segment. 

A B

FIG. 33. A: larval maxilla and labium, ventral view; and B: larval 
maxilla, dorsal view, of Entiminae-Entimini: Barynotus obscurus. 
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FIG. 37. Larval abdominal segments V-VIII of 
Entiminae-Pachyrhynchini: Pantorhytes biplagiatus. pds: postdorsal 
seta; A: abdominal segment. 

FIG. 38. Pupae in ventral view of Rhytirrhininae: Listroderes 
costirostris. 

FIG. 39. Pupae in ventral view of Entiminae-Entimini: 
Eurymetopus oblongus. 

FIG. 36. Larval abdominal segments VII and VIII of 
Rhytirrhininae: Tristanodes sp. in dorsal view. pds: postdorsal seta; 
A: abdominal segment. 
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Adult Characters 

Although I was mainly concerned with using evi-
dence from the immature stages, five adult characters
(45-49 in Table 1) were also included in the final analy-
sis in order to obtain a phylogenetic hypothesis based
on more evidence and because combining data, i.e.
immature plus adult characters, can allow the discov-
ery of relationships that would have been missed by
analysing different data sets separately (Chippindale
and Wiens, 1994: 281). Characters 45-48 have been used
previously by authors in forming primary divisions of
weevils (Schoenherr, 1826; Lacordaire, 1863, 1866; Kus-
chel, 1985; Thompson, 1992), and they are well
documented and illustrated, especially by Morimoto
(1962), Kissinger (1964), Crowson (1967), Thompson
(1992), and Zimmerman (1993, 1994), among others. I
also included the oviposition type (character 49 in
Table 1), on which the proposal to combine all the
broad-nosed weevils into a single subfamily is mainly
based (May, 1993). Although the oviposition habits of
weevils are highly diverse (see Howden, 1995, for
examples), two main types can be recognized depend-
ing on whether or not the rostrum is used in
oviposition site preparation (character 49 in Table 1).
Adult synapomorphies of Curculionidae and adult
autapomorphies of the terminal taxa were not included
in the present data set (Table 2).

 Polarity of characters was determined by the out-
group comparison method (Watrous and Wheeler,
1981; Maddison et al., 1984; Nixon and Carpenter,
1993). Brentidae, the sister family of Curculionidae
(according to Kuschel, 1995), was used as the out-
group. The larvae of Curculionidae and Brentidae
share the antenna reduced to a single article, the max-
illary palp lacking seta on the distal segment, and more
or less standard numbers of setae on the body areas
(May, 1993). Outgroup comparison in its simplest form
(Watrous and Wheeler, 1981:5) was difficult to apply
for characters 14, 15, 28, 33, 41, 43, 45 because the out-
group is heterogeneous, so the method of Maddison et
al. (1984) was used to assign the character state of the
outgroup node. Although the outgroup interrelation-
ships proposed by Kuschel (1995) (for subfamilies of
Brentidae and other families of Curculionidae) were
accepted, the larval and pupal characters of Car,
recently described by May (1994), suggest two other

possible outgroup resolutions: Caridae standing alone
either before Brentidae-Curculionidae, or before Cur-
culionidae. Finally, when such an assignment had
more than one equally parsimonious alternative state
(“equivocal”), the plesiomorphic state (for characters
14, 41, 43) was estimated by using the “functional
ingroup/outgroup” technique (Watrous and Wheeler,
1981). Ithycerus, the only genus included in Ithycerinae,
was used as a functional outgroup. As a final result of
polarity determination, a hypothetical ancestor was
constructed using all plesiomorphic states (scored
zero) to root the tree. 

A missing data code, “?”, was used when the charac-
ter state was unknown or when the terminal taxon was
polymorphic for the character. Multistate characters 3
and 28 were treated as additive and multistate charac-
ters 2, 11, 36, and 38 as non-additive. 

A data matrix of 20 terminal units, including the out-
group, by 49 characters was constructed (Table 2). 

Analysis 

The data were analysed using Hennig86 version 1.5
(Farris, 1988), applying the implicit enumeration
option (Farris, 1988; Platnick, 1989). Tree length and
consistency (Kluge and Farris, 1969) and retention
(Farris, 1989) indices were calculated excluding auta-
pomorphies and the synapomorphy of Curculionidae
to avoid artificially increasing these indices. The suc-
cessive weighting procedure was applied if more
thanone tree was initially obtained. When the analysis
yielded more than one cladogram, a strict consensus
tree was calculated with the nelsen option of
Hennig86. 
 

    Two analyses were performed:

1. analysis based only on characters from the imma-
ture stages. The data matrix (Table 2) was analysed
including the larval and pupal characters (1-44) and
excluding the adult characters (45-49);

2. analysis based on characters from both the imma-
ture and adult stages. The complete data matrix (Table
2) was analysed.
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RESULTS 

Cladogram Based on Characters from the 
Immature Stages (Fig. 40)  

The analysis of the data matrix including only
characters from the immature stages yielded three
most parsimonious cladograms of 51 steps, a CI of
0.72 and a RI of 0.80. The successive weighting

procedure did not reduce the number of mini-
mum-length cladograms. The cladogram shown in
Fig. 40 coincides with the strict consensus tree. The
other two cladograms differ from the chosen one in
that  the  re lat ionships  between Erirhininae,
Aterpinae and Rhytirrhininae-Gonipterinae are
resolved, with Erirhininae and Aterpinae being the
basal taxon of the clade respectively. The distribu-
tion of the immature characters corresponds to the
cladogram in Fig. 41.

  Table 2. Data Matrix Used in the Cladistic Analysis of Curculionidae. Refer to Table 1 for Characters 

– – – – – – – – – 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 

1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 

Outgroup 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ithycerinae 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 

Microcerinae 1 ? ? ? ? ? ? ? 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 0 ? 0 ? 0 ? ? ? ? ? 0 ? ? ? ? ? 0 1 1 0 1 

Brachycerinae 1 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0 0 0 ? 0 0 0 0 0 1 0 0 2 0 0 0 1 1 0 0 ? 0 ? 0 0 1 0 0 0 0 1 1 0 1

Rhynchophorinae 1 0 ? 1 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 1 0 ? 2 1 1 1 0 1 0 1 1 1 0 0 0 0 

Platypodinae 1 0 0 1 0 0 0 1 0 0 0 0 0 1 1 0 0 0 ? ? 0 0 0 1 0 0 ? 2 0 0 0 0 1 0 ? 2 0 2 1 0 1 0 1 1 1 0 0 ? 0 

Erirhininae 1 0 1 0 ? 0 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 0 ? ? ? 0 0 1 0 1 0 1 0 0 0 0 

Curculioninae 1 0 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 ? 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 ? ? ? ? 0 0 1 0 1 0 1 0 0 1 0 

Cossoninae 1 0 2 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 

Scolytinae 1 0 2 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 

Thecesterninae 1 0 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 ? 0 0 0 0 0 0 1 1 1 0 1 0 0 1 1 

Amycterinae 1 2 1 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 1 0 0 1 1 

Gonipterinae 1 0 1 0 1 0 1 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 2 0 1 0 0 1 0 ? 1 1 1 0 1 1 0 1 0 1 0 0 1 1 

Rhytirrhininae 1 0 1 0 ? 0 1 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 1 1 1 1 0 0 1 0 1 0 1 0 0 1 1 

Aterpinae 1 1 1 0 ? 0 1 1 0 0 0 0 0 1 1 0 0 0 0 ? 0 0 0 0 0 0 0 2 0 0 0 0 1 0 ? 1 1 1 0 0 1 0 1 0 1 0 0 1 1 

Pachyrhynchini 1 0 1 0 1 0 1 1 0 0 2 0 0 1 1 0 0 0 1 1 0 0 1 0 0 0 0 2 0 0 0 0 1 1 0 2 1 2 0 0 1 1 1 0 1 1 0 1 1 

Ectemnorhinini 1 0 1 0 1 1 1 1 0 0 2 0 0 1 1 0 0 0 1 0 0 0 1 0 0 0 0 2 1 0 1 0 1 1 0 2 0 2 0 0 1 1 1 0 1 0 ? 1 1 

Alophini 1 0 1 0 0 0 1 1 0 0 3 0 0 1 1 0 1 0 ? 0 1 0 1 0 0 0 0 2 0 0 0 0 1 0 0 1 0 1 0 0 1 ? 1 0 1 0 1 1 1 

Sitonini 1 0 1 0 0 0 1 1 1 1 2 1 1 1 1 0 1 1 0 2 1 0 1 0 0 0 0 2 0 0 0 0 1 0 0 1 0 1 0 0 1 0 1 0 1 0 1 1 1 

Entimini 1 0 1 0 0 0 1 1 1 1 2 1 0 1 1 0 1 0 0 0 1 1 1 0 0 0 1 2 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 1 
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Cladogram Based on Characters from 
Immature and Adult Stages (Fig. 41) 

The analysis of the complete data matrix yielded one
most parsimonious cladogram of 64 steps, a CI of 0.65
and a RI of 0.76 (Fig. 41). This tree has almost the same
topology as the one in Fig. 40, both trees being highly
congruent and differing only in the placement of
Erirhininae. The inclusion of adult characters allowed
a clearer resolution, since a single tree with less polyto-
mies was obtained (Fig. 41). 

The cladogram in Fig. 41 depicts the distribution of
the characters and represents the phylogenetic hypoth-
esis discussed in the next section. 

DISCUSSION 

On the Monophyly of the Broad-Nosed Weevils 

The broad-nosed weevils (marked * in Fig. 41)
present an ecological strategy different from that of the
majority of weevils (Zwölfer, 1975) because they do not
use the rostrum to prepare the oviposition site inside
plant tissues (May, 1993; Howden, 1995). Not having
an “ovipositor function”, their rostrum is relatively
short, broad, and without sexual dimorphism (Ander-
son, 1995). 

According to the results of the cladistic analysis (Fig.
41), the hypothesis of monophyly of broad-nosed wee-
vils is not accepted, because they constitute at least
four monophyletic groups: Ithycerinae, Microcerinae,
Brachycerinae sensu stricto, and the clade comprising
Thecesterninae, Amycterinae, Aterpinae—Rhytirrhini-
nae—Gonipterinae, and Entiminae (hereafter
informally called “Entiminae and allied subfamilies”).
The change toward an ectophytic oviposition mode
without rostrum participation has occurred more than
once in the evolutionary history of Curculionidae. This
mode probably appeared early, in the ancestor of Cur-
culionidae, remaining in that state in Ithycerinae,
Microcerinae, and Brachycerinae sensu stricto, revert-
ing to the use of the rostrum in oviposition site
preparation, and appearing again at the base of the

clade formed by Entiminae and allied subfamilies. I do
not discard the hypothesis that, at least in the past, the
basal taxa Ithycerinae, Microcerinae, and Brachyceri-
nae sensu stricto may have been members of greater
groups also including long-nosed weevils that used the
rostrum for oviposition site preparation. It is precisely
the oviposition and larval development in soil that
must have allowed them to tolerate extreme climate
changes and other adverse factors to survive until
present times. Furthermore, the Entiminae and allied
subfamilies include the species that make up the bulk
of the weevil faunas in deserts, mountains, and cold
climates (Kuschel, 1995). 

The present cladogram (Fig. 41), which does not sup-
port the hypothesis of monophyly of the broad-nosed
weevils, contrasts with Kuschel’s cladogram (1995). It
is worth noting, however, that Kuschel considered all
the broad-nosed weevils as a single terminal unit
(Brachycerinae sensu lacto) in his analysis, while in the
present study, 13 broad-nosed weevil taxa were
treated as terminal units, enabling me to test such a
hypothesis. On the other hand, it seems that in Kus-
chel’s paper several polymorphic character states were
assigned to Brachycerinae sensu lacto according to the
predominant state. This is because I note that states
present in large groups (e.g. Entiminae) included in his
enlarged Brachycerinae are considered as defining the
whole last subfamily, even though such states are dif-
ferent in smaller included groups, such as Ithycerinae,
Microcerinae or Brachycerinae sensu stricto. 

Results of the cladistic analysis suggest that there are
certain characters present in all or a majority of the
broad-nosed weevils that have arisen as a common
adaptive response to similar selective pressures. Cer-
tain environmental, climatic (e.g. aridification, colder
temperatures) and/or biotic (e.g. parasitoids) condi-
tions probably favoured the fixation of characters
associated with the ectophytic oviposition and subter-
ranean life of immature stages. Such characters are
adelognathous mouthparts, presence of mandibular
processes in the teneral adult, and pupal mandibular
theca with setae. The expanded prementum covering
the  maxillae is frequent among broad-nosed species,
and the mandibular processes are deemed to assist the
adult in emerging to the surface from its pupal cell in
the soil. 
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The presence of pupal mandibular setae is proposed
by May (1970, 1978) as associated with the mandibular
processes in the adult, and she interprets the presence
of these pupal setae in species with adults lacking man-
dibular processes as evidence of secondary loss of such
processes. Results of the cladistic analysis (Fig. 41) lead
to consideration of an alternative hypothesis: that the
pupal mandibular setae (42.1) and the adult mandibu-
lar processes (47.1) are independent features. I note,
however, that they seem to be correlated with the
increased overall mandibular size of shortened rostra.
In addition, Anderson (1991) discusses the occurrence
of pupal mandibular setae in some species of Lixini
sensu Kuschel (Curculioninae), which have no mandib-
ular processes in the adults, also suggesting that they
are independent character states. It is worth noting
that, outside Curculionidae, pupae with mandibular
setae are also found in Nemonychidae (May, 1994:
table 3, figure P74), but have not been reported for
Brentidae or other curculionoids. Thus, by outgroup
comparison, this feature was coded here as apomor-
phic in Curculionidae, contrasting with Anderson’s
(1991) proposal of its being plesiomorphic to explain
that not all taxa having this feature share a common
ancestor. This seems to be better explained by the
homoplastic nature of the pupal mandibular setae,
which suffered parallel evolution and reversals, as
depicted in the cladogram (Fig. 41). 

Some of the characters mentioned above, especially
the adelognathous and phanerognathous conditions
(maxillae covered versus not covered by the premen-
tum) and the presence/absence of mandibular
processes, have been used by authors in weevil classi-
fication; however, specialists (e.g. Thompson 1992;
Zimmerman, 1994) consider that too much taxonomic
importance has been given to such features. According
to the present cladistic analysis, these characters are
highly homoplastic. The adelognathous and phanerog-
nathous conditions are two extremes of variation
between which many intermediate states exist
(Thompson, 1992). In fact, an intermediate state
“Mesognatha” has been proposed by Kuschel (1985).
Finally, the adelognathous condition is also displayed
by some Brentidae (Zimmerman, 1993: 30). 

The deciduous mandibular processes also show
homoplasy, not only among Curculionidae but in
other Curculionoidea, for instance in some Attela-
bidae—Rhynchitinae (Thompson, 1992). The examples

of taxa with mandibular processes known to date have
a biological feature in common: pupation in soil
(though not all weevils that pupate in soil show such
processes). In the tribe Pachyrhynchini of the Entimi-
nae (Fig. 41) these processes are absent, though the
setae in the mandibular theca are present. This lack of
mandibular processes can be accounted for by the fact
that larvae and pupae of Pachyrhynchini develop in
aerial parts of plants rather than in the soil (May, 1978). 

Position of Ithycerinae 

The cladogram is consistent with the hypothesis that
the Ithycerinae, represented by the single species Ithyc-
erus noveboracensis in North America, is a relict taxon.
They may be the only survivor of a group with a
greater number of species and distribution in the past. 

The total absence of legs in larvae of all Curculion-
idae, except for the most basal taxon Ithycerinae and,
to a lesser extent, Microcerinae, suggests that the loss
of legs occurred early and only once in the evolution-
ary history of Curculionidea. The weevil larva is
preadapted to live inside the substratum and natural
selection would act against the presence of legs.
Although legless larvae occur in several other Curcu-
lionidae (in some members of Nemonychidae, certain
Anthribidae, Attelabidae and Belidae, and some Bren-
tidae (e.g. Apioninae) (Crowson, 1967)), the loss of legs
in Curculionidae occurred independently of other Cur-
culionidea. The last conclusion is based on the fact that
there is a particular pattern of setae and sensilla on the
pedal area of representatives of all curculionid legless
terminal units that is not found in other legless Curcu-
lionoidea (Marvaldi, 1995). 

Position of Microcerinae—Brachycerinae 

Microcerinae, according to the present phylogenetic
hypothesis (Fig. 41), have a basal placement, standing
as one of the less advanced Curculionidae, after Ithyc-
erinae but before Brachycerinae sensu stricto. 

The results of the cladistic analysis (Fig. 41) suggest
that Brachycerinae sensu stricto and Microcerinae form
a grade or paraphyletic group at the base of the clade,
and not a monophyletic group as proposed by
Copyright © 1997 by The Willi Hennig Society
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Thompson (1992). Although my results agree with
Louw’s (1995) taxonomic conclusion that Microcerinae
and Brachycerinae sensu stricto do not together form a
monophyletic group (since the latter taxon shares with
the remaining Curculionidae the larval synapomor-
phies of absence of legs, and abdominal segments with
3-4 dorsal folds), they do not support Louw’s proposal
of a Microcerinae sister relationship with Spartecerus
(Entiminae). According to my hypothesis (Fig. 41),
Entiminae are phylogenetically closer to more
advanced weevils, with which they share several apo-
morphic characters (see below), than to any of the basal
Curculionidae (Ithycerinae, Microcerinae or Brachyc-
erinae sensu stricto) that lack such apomorphies.
Furthermore, I disagree with the larval character inter-
pretation made by Louw to justify a Microcerinae—
Spartecerus (Entiminae) sister relationship. This is
because I note that the antenna of the Spartecerus larva
(see Louw, 1995: figure 5) has the apomorphic shape of
Entiminae (i.e. it is cushion-like and fairly dorsoven-
trally compressed; it is also elliptical in apical view),
while in Microcerinae the antenna has the plesiomor-
phic shape (i.e. it is conical, longer than wide, and
circular in apical view). The completely flat antenna of
Brachycerus is here interpreted as a different apomor-
phic state. On the other hand, the intermediate
abdominal fold narrower than the others is the usual
condition in all taxa with three to four dorsal folds, and
Brachycerus with the three folds equally broad is an
exception. 

There are some important taxa, covered by Thomp-
son (1992), and included by Kuschel (1995) in his
Brachycerinae sensu lato for which no immatures are
available. They may predictably have a basal phyloge-
netic placement on account of their orthocerous type of
male genitalia. One of these is the Desmidophorinae,
linked by Thompson (1992) with Brachycerinae sensu
stricto and Microcerinae due to their similar dorsal
plate of tegmen, but Thomas also notes significant
external differences. The oviposition mode is known
for Ocladius spp (Desmidophorinae: Ocladiini), being
endophytic in grass stems, as in Notaris spp (Erirhini-
nae) (Howden, 1995), whereas in Brachycerus spp and
Microcerus spp it is ectophytic in soil. Oviposition data
suggest that Desmidophorinae may be placed near
Erirhininae. Another odd taxon with unknown larvae
and uncertain affinities is Cryptolarynginae, but
Thompson (1992) notes that they share a similarly

shaped male sternite 8 with some Brachycerinae sensu
stricto, Microcerinae, and Desmidophorinae. Further
information on the larvae and pupae of representatives
of these problematical taxa would be valuable in
resolving weevil higher relationships, especially at the
base of the clade. 

Position of the Entiminae and Allied 
Subfamilies 

Thecesterninae, Amycterinae, Aterpinae, Rhytir-
rhininae, Gonipterinae, and Entiminae share with the
“primitive” broad-nosed weevils treated above (Ithyc-
erinae, Microcerinae and Brachycerinae sensu stricto)
the oviposition mode without rostrum participation, a
feature that shows homoplasy (Fig. 41). They have a
phylogenetic placement more advanced than the latter,
justified by their larvae with postoccipital placement
more advanced than the latter, justified by their larvae
with postoccipital condyles and lacking the sensilla
next to dorsoepicranial seta 2, their pupae with only
one or two setae on the femoral apex, and their adults
with geniculate antennae and male genitalia of the
gonatocerous type. This latter character, the derived
type of male genitalia, supports their closer relation-
ship with Curculioninae and Cossoninae—Scolytinae,
and defines the Curculionidae sensu stricto or sensu
Thompson (1992) and Zimmerman (1993). 

There are some small Etiopian taxa of broad-nosed
weevils, e.g. Brachyceropsidinae, Cyclominae (=Hip-
porhininae), Somatodinae, and Ulomascinae, for
which no immatures are described. Their adults have
geniculate antennae and the derived type of male gen-
italia (Thompson, 1992). Information on larvae and
pupae of these taxa would greatly contribute to recog-
nition of natural groups and resolution of broad-nosed
weevil relationships. For example, the sister group of
Entiminae, here constituted by Aterpinae, Rhytirrhini-
nae, and Gonipterinae, may also include Cyclominae
as suspected from adult features. When immatures of
Cyclominae become known, they will probably give
stronger evidence to this proposal. Then, this sister
group may be regarded as a single subfamily, which
should be called Cyclominae. 
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Monophyly and Classification of Entiminae 

The results of the cladistic analysis (Fig. 41) support
the monophyly of Entiminae sensu Thompson (1992).
The larvae with only four ventral setae on the maxil-
lary mala (a character that needs careful observation),
and with a particular shape of their antennal senso-
rium, provide good autapomorphies for the group. 

The cladogram (Fig. 41) allows me to propose a nat-
ural classification of Entiminae, consisting of five
monophyletic groups recognized here as tribes: Pachy-
rhynchini, Ectemnorhinini, Alophini, Sitonini, and
Entimini. 

According to the results, Pachyrhinchini are the clos-
est relative of Ectemnorhinini. This hypothesis
contrasts with two previous proposals that relate Ect-
emnorhinini with taxa from the New Zealand
Subantarctic islands. May (1993) discussed a possible
close relationship between Canonopsis (Ectemnorhin-
ini) and Gromilus (Rhytirrhininae), based on some
“similar” larval features; however, she admitted that
Gromilus pupae lack the setae on the mandibular theca
which are present in Canonopsis and other Entiminae
pupae. This hypothesis is further weakened by evi-
dence resulting from the cladistic analysis: Gromilus
larvae are true Rhytirrhininae, having the lateral labral
seta vestigial, the postdorsal seta 5 in abdominal seg-
ment VIII absent, and the spiracle of abdominal
segment VIII laterodorsal or dorsal; while Cananopsis
and other Ectemnorhinini are undoubtedly placed in
Entiminae because their larvae have a cushion-like
antennal sensorium and the maxillary mala with four
ventral setae. Furthermore, the adults in Christensenia
present deciduous mandibular processes (Chown, in
litt.). One the other hand, I think that the fact that
Canonopsis differs from other Ectemnorhinini in having
the abdominal spiracular airtubes directed dorsoposte-
riorly instead of dorsally (May, 1970, 1993) should be
considered with caution, as May’s (1970) description
was based on immature larvae and it is not uncommon
among Entiminae that mature larvae have a quite dif-
ferent orientation of the airtubes than in earlier instars
(Marvaldi, 1995). The other proposal is that of Kuschel
and Chown (1995), who consider Ectemnorhinus and its
allies to be most closely related to Heterexis and Oclan-
dius (Entimini). May (1970) discussed this latter
hypothesis, reaching the conclusion that the larvae of
the two groups are not closely related, and I agree with

her. According to the results of the cladistic analysis
(Fig. 41), Heterexis and Oclandius have several apomor-
phic larval characters (e.g. the posterior extension of
premental sclerite parallel-sided and truncate at apex,
the antennal sensorium elliptical in apical view, and
the mandibles lacking accessory teeth, among others)
that certainly place them in Entimini and not among
Ectemnorhinini which lack such apomorphies. 

Results of the cladistic analysis (Fig. 41) support Alo-
phini and Sitonini as true Entiminae sensu Thompson
(1992), despite the doubts that previous authors may
have had (e.g. Emden, 1952: 666; Crowson, 1967: 165;
and others cited in Thompson, 1992: 885). 

The huge tribe Entimini comprises the bulk of Entim-
inae, including the subfamilies of authors Entiminae
(Leptopiinae), Brachyderinae (excluding Pachyrhyn-
chini and Sitonini), Otiorhynchinae, Tanyrhynchinae,
and Eremninae. This tribe certainly needs to be classi-
fied naturally into subtribes and the larval characters
may prove helpful in this. 

On the Position and Relationships of the 
Remaining Subfamilies of Curculionidae 

The Sister Relationship of Rhynchophorinae—
Platypodinae 

The close relationship of Rhynchophorinae and
Platypodinae is clearly supported by characters from
the immature stages (Fig. 41), but is not so obvious in
the adult stage and previously has never been pro-
posed. Rhynchophorinae and Platypodinae have, in
addition, important adult morphological differences
from other Curculionidae and between themselves,
both being very distinct subfamilies, and this is the rea-
son why some specia l is ts  consider  them as
independent families (e.g. Morimoto, 1962; Thompson,
1992; Zimmerman, 1993). Their larvae, however, share
a feature not found among any other Curculionoidea:
the abdominal pleura subdivided into two or more
superimposed lobes. Several other larval synapomor-
phies support the monophyly of these two subfamilies,
such as the head bearing a posterior lamina with two
attachment points, or apodemes, and the maxillae and
epipharynx with some setae branched; the relationship
is also supported by the larval parallelism of the spirac-
ular airtubes dorsally directed on abdominal segments
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I–VII, and by the pupal synapomorphy related to the
last pair of legs not covered by pterothecae. To the evi-
dence mentioned above I would add some other
features suggesting that Rhynchophorinae and Platy-
podinae present similar development patterns: larva I
of Platypodinae (according to Browne, 1972 and Milli-
gan, 1979) presents only the thoracic and last
abdominal (VIII) spiracles, while larvae of successive
instars have the complete complement of nine spira-
cles; similarly, in certain Rhynchophorinae, as
Dryophthorus spp (W. H. Anderson, 1948; pers. obs.),
Polytus spp, and other species described by May (1994),
the larva presents non-functional abdominal spiracles
I–VII (as in larva I of Platypus and its allies). Further-
more, larvae of several Rhynchophorinae (W. H.
Anderson, 1948; May, 1994) have unisegmented labial
palps, a condition extremely frequent in Platypodinae.
The two latter features may probably be a case of
“underlying synapomorphies” (sensu Saether, 1983,
1986) which, although not useful as evidence of group-
ing (Forey et al., 1992), may be caused by apomorphic
tendencies of the Rhynchophorinae—Platypodinae
ancestor. 

None of the immature characters mentioned above,
as shared by Rhynchophorinae and Platypodinae,
have been observed in any of the numerous larvae and
pupae of Cossoninae and Scolytinae. Cossoninae, how-
ever, have been classified close to Rhynchophorinae
for a long time (see Zimmerman, 1993; Kuschel, 1995).
On the other hand, Scolytinae and Platypodinae have
been frequently considered as separate families and
separated from Curculionidae (see Lawrence and
Newton, 1982). Crowson (1967) considers these taxa as
subfamilies within Curculionidae. 

Evidence supporting a closer relationship of Cosson-
inae  wi th  Sco ly t inae ,  ins tead  o f  wi th
Rhynchophorinae, is given later in this paper. The
close relationship between Rhynchophorinae and
Platypodinae, proposed here on a cladistic basis, may
not be so evident from the adult external morphology.
Instead, from the adult aspect a relationship between
Scolytinae and Platypodinae may be justified, because
their similar lignicole habits are reflected in superfi-
cially similar adult morphologies. For instance, a
cylindrical body form, legs with denticulate tibiae, and
a truncate head are typical of wood-boring beetles, and
are thus also present, for example, in Anobiidae and
Bostrychidae (Morimoto, 1962; Richards and Davies,

1984). In addition to the evidence presented here for a
sister relationship between Rhynchophorinae and
Platypodinae (Fig. 41), recent detailed morphological
studies on adults (Thompson, 1992; Lyal, 1995) do not
support the hypothesis of Scolytinae—Platypodinae
monophyly. Lyal (1995) refutes Wood’s (1986, 1993)
proposal of Scolytinae—Platypodinae monophyly,
based on characters from the ventral structure of the
adult head, by showing that it is a case of misinter-
preted homologies. Thompson’s morphological
studies (1992) also do not support a Scolytinae—
Platypodinae monophyly. The latter author restricts
the concept of Curculionidae for the weevils that have
male genitalia of the gonatocerous type, and conse-
quently retains Scolytinae within Curculionidae sensu
stricto and separates the Platypodinae at the family
rank on the basis of unique features from male and
female genitalia and the total loss of the rostrum.
Thompson affirms that even the less differentiated or
“primitive” taxa of Platypodidae show no clear
relationship to any Scolytinae. Since the Playtpodinae
present such reduced and simplified male genitalia, it
is difficult to determine whether they are of the ortho-
cerous or gonatocerous type (they are therefore coded
as “?” in the data matrix of Table 2). Evidence from
Morimoto (1962) and Thompson (1992) suggests that
they may be the orthocerous type, a condition that is
supported by the cladogram (Fig. 41). 

Although the recent proposal of Zherikhin and
Gratshev (1995), uniting Rhynchophorinae with
Brachycerinae because of their distinctive claw
segments, is not supported by the present study, it is
important to note that both groups occupy a relatively
close and basal phylogenetic position. 

The phylogenetic position of Playtpodinae is another
controversial problem in weevil systematics. Some
authors consider them as relatively “primitive”
weevils, suggesting that they would have separated
from the ancestral stem before the Curculionidae (e.g.
Morimoto, 1962; Wood, 1986), although part of the
evidenced for this proposal is erroneous (Lawrence
and Newton, 1982). In contrast, Kuschel (1995) consid-
ers them to be the most “advanced” subfamily of
Curculionidae. According to my phylogenetic
hypothesis resulting from the cladistic analysis (Fig.
41), Rhynchophorinae and Platypodinae are sister
groups and, although both are highly divergent, their
Copyright © 1997 by The Willi Hennig Society
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ancestor separated relatively early in the evolutionary
history of Curculionidae. 

Position of Erirhininae 

Species of Erirhininae have the orthocerous or prim-
itive type of male genitalia, but the antennae are
typically geniculate and the larvae and pupae present
their characters at the apomorphic states as present in
the Curculionidae sensu stricto or with the derived type
of male genitalia. Accordingly, Erirhininae have an
intermediate phylogenetic placement, before the
Curculionidae sensu stricto (Fig. 41). 

A different placement of Erirhininae is suggested by
the cladogram based only on characters from imma-
tures (Fig. 40). According to this tree, Erirhininae are
placed together with some broad-nosed weevils. This
is mainly due to the shared possession of the
dorsoepicranial seta 3 in the frontal line or on the frons.
On the other hand, several erirhinine characters were
coded as missing (?) as they are heterogeneous because
of larval modifications associated with aquatic habits,
leading to a character interpretation in agreement with
that placement. 

The placement of Erirhininae depicted in Fig. 41 is
accepted because the result of the first analysis (Fig. 40)
would imply that this taxon has a reversal to the ances-
tral type of male genitalia; I consider this latter
hypothesis to be less probable than the independent
acquisition by the larva of a similar location of dor-
soepicranial seta 3. 

The present cladistic analysis does not support the
inclusion of Erirhininae within Curculioninae, as in
none of the obtained cladograms (Figs 40, 41) do
Erirhininae form a monophyletic group with
Curculioninae. 

The Raymondionyminae is another interesting taxon
for which immatures are unknown. They are a group
of hypogean weevils with the orthocerous type of male
genitalia, considered by Kuschel (1995) as hypogean
derivatives of the Erirhininae sensu Kuschel (1971).
Thompson (1992) gives them family rank because of
unique tarsal features and orthocerous male genitalia,
but does not comment on their probable relationships
with other weevils. Characters given by Thompson
(1992) in his key and the similar shape of male sternite
8 shown in his figures 50–52 lead me to suspect that

Raymondionyminae might belong to or be phylogenet-
ically close to Erirhininae or Cryptolarynginae, and the
discovery of their larvae would be very important to
resolve this problem. 

On the Monophyly of Curculioninae 

This enormous subfamily cannot be defined as a
monophyletic group on the basis of characters from the
immature stages used in the present analysis, as it has
no autapomorphies (Fig. 41). It is suggestive that
Kuschel (1995) also recorded no adult autapomorphy.
Curculioninae may be regarded as a “metataxon”
(Archibald, 1994: 28), as it is a previously named taxon
for which positive evidence of monophyly or para-
phyly is lacking or ambiguous. Whether this subfamily
forms a monophyletic or paraphyletic group is a prob-
lem that needs further investigation, such as
subdividing this taxon into smaller units and perform-
ing other cladistic analyses with more evidence.
Difficulties in diagnosis of Curculioninae also arise
from several polymorphic characters (coded “?”)
because the larvae known for this species of this large
group show different modifications, associated with a
variety of habitats, affecting quetotaxia and position of
spiracles and airtubes. However, a particular combina-
tion of adult and immature characters allows a
definition of Curculioninae: the larvae have the dor-
soepicran ia l  se ta  3  on  the  ep ic ran ium and
well-developed postoccipital condyles; the adults have
geniculate antennae and male genitalia of the
gonatocerous type. Furthermore, adults have a
well-developed rostrum, used by females to prepare
oviposition sites; larvae are almost always endophytic,
feeding inside plant tissues (except for some taxa with
ectophytic larvae, such as Cionus or Hypera and their
allies) and adults and larvae (R. S. Anderson, 1993)
usually have a restricted range of host plants, being oli-
gophagous or monophagous. 

The Close Relationship of Cossoninae—
Scolytinae 

According to the result of the cladistic analysis (Fig.
41), Cossoninae and Scolytinae are sister groups; this
relationship is supported by the larval synapomorphy
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regarding the inconspicuous postoccipital condyles
represented by a thickened ridge. To this may be
added a feature of the alimentary canal described by
May (1993, 1994), the rectal bracon as a sclerotized
loop, not included in this analysis because, although it
is present in all Cossoninae, it is lacking in about half
of the Scolytinae. This latter character has also been
observed in zylophagous larvae of other taxa (May,
1994), all within Curculioninae, and may indicate that
Cossoninae—Scolytinae share with the former sub-
family a capacity to develop a sclerotized loop when it
is selectively advantageous to the taxon. 

The immature stages do not provide autapomor-
phies to clearly distinguish Cossoninae from
Scolytinae clearly, but their typical forms are rather
distinct at the adult stage due to their different biolo-
gies. To this difficulty is added the existence of the tribe
Araucariini of Cossoninae, whose members present
the typical biology of Scolytinae and larval and adult
characters of both subfamilies (Kuschel, 1966; May,
1993). Eventually, Thompson (1992) found that the
male sternite 8 in the less-modified members of Scoly-
tinae showed “a clear relationship” to that of
Cossoninae. 

There are some Scolytinae (“bark beetles”) that cul-
ture fungi, similar to the Platypodinae or true
“ambrosia beetles”. They possess mycetangia to carry
the spores and this capacity would have evolved inde-
pendently several times in Scolytinae (different genera
have distinct types of mycetangia in different body
parts) and in the ancestral line of Paltypodinae (Hin-
ton, 1981). In addition, in Scolytinae generally it is the
female that constructs the gallery and the male that car-
ries the spores, while in Platypodinae the reverse is the
case. See above for more evidence against the relation-
ship Scolytinae—Platypodinae. 

According to the cladistic analysis and the informa-
tion discussed here, I do not discard the possibility that
the Scolytinae represent a more advanced group
within the Cossoninae. 

CONCLUSIONS 

The use of characters from immature stages, as well
as their combination with adult ones in the final analy-
sis, leads to the conclusion that the broad-nosed

weevils do not constitute a single monophyletic group.
Their shared mode of oviposition without rostrum par-
ticipation appeared more than once in the evolutionary
history of weevils, and it is associated with the subter-
ranean life of the immature stages, together with other
homoplastic characters such as adults with adelogna-
thous mouthparts and mandibular processes, and
pupae with setae in the mandibular theca. 

The proposed phylogenetic hypothesis shows Ithyc-
erinae, Microcerinae, and Brachycerinae sensu stricto as
the most basal Curculionidae, forming a grade or para-
phyletic group. The remaining broad-nosed weevils
included in the analysis form a clade (“Entiminae and
allied subfamilies”) phylogenetically closer to other
weevil subfamilies than to any of the basal ones men-
tioned above, on the basis of larval, pupal, and adult
characters. This latter clade has Thecesterninae at the
base, followed by Amycterinae which are the sister
taxon of the clade involving two main natural groups;
one comprises Aterpinae, Rhytirrhininae, and Gonip-
terinae in that sequence, and the other comprises
Entiminae. The monophyly of Entiminae is well sup-
ported by larval autapomorphies,  as is their
classification into tribes herein proposed. The sister
group of Entiminae may become a single subfamily,
with the proposed name Cyclominae (=Hipporhini-
nae) if immatures of the latter, when they become
known, support their position in this sister group. 

The immature characters were particularly signifi-
cant  in  suppor t ing  the  monophyly  o f
Rhynchophorinae—Platypodinae, a sister relationship
not suggested by previous studies focused on adults.
Erirhininae was the only taxon that showed a different
placement depending on the data set analysed: the
taxon is among some broad-nosed weevils (Aterpinae,
Rhytirrhininae, and Gonipterinae) when only imma-
ture characters are used, but according to the
combined immature and adult data it has an interme-
diate position, as a sister taxon of the “Curculionidae
sensu stricto” (i.e. Curculioninae, Cossoninae—Scolyti-
nae, and “Entiminae and allied subfamilies”) and the
latter hypothesis seems to be better justified. There is a
need for additional data to test the monophyly or para-
phyly of the Curculioninae, and to resolve the
trichotomy involving the three main branches of Cur-
culionidae sensu stricto mentioned above. 

It is notable that the rank of the groups studied here
depends on which concept of the family Curculionidae
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is accepted: the more inclusive concept of Kuschel
(1995), which is based on that of Crowson (1967) but
including Ithycerus, or the restricted concept of Thomp-
son (1992), also applied by Zimmerman (1993). The
former represents the ingroup chosen for the present
study; the latter comprises only and exclusively the
weevils sharing the gonatocerous type of male genita-
lia. It is important to remember that the rank of a taxon
does not affect its status in the phylogenetic system,
and both concepts of Curculionidae refer to monophyl-
etic groups. Kuschel’s (1995) work has the merit of
being the first major attempt to classify the Curculion-
oidea to families and subfamilies via a rigorous,
phylogenetic methodology. My findings, however,
suggest an alternative hypothesis regarding the mono-
phyle t i c  groups  and  re la t ionsh ips  wi th in
Curculionidae. The results presented here are in agree-
ment with Thompson’s (1992) views regarding the
primary grouping of weevils on the basis of the two
basic forms of male genitalia, the derived type (48.1)
supporting the monophyly of the Curculionidae sensu
stricto. If the name “Curculionidae” is used in this
restricted sense, then the remaining clades depicted in
my cladogram should be treated with family rank as in
Thompson (1992). Microcerinae should perhaps also
be treated as such because evidence presented here,
though incomplete, does not support their inclusion in
Thompson’s Brachyceridae. There are some odd and
problematical taxa, with the primitive type of male
genitalia, for which no immatures are available, i.e.
Desmidophorinae, Cryptolarynginae, and Raymondi-
onyminae. Further knowledge of their larvae and
pupae may help in testing some of the phylogenetic
hypotheses considered in the Discussion, elucidating
whether they belong to other family groups (e.g.
Brachyceridae or Erirhinidae) or are independent
families. 

According to this study, both immature and adult
characters define higher groups in Curculionidae,
though not always at the same level. It seems that lar-
val differentiation preceded adult differentiation in the
evolutionary history of weevils. For example, the lar-
val novelties “frontal lines incomplete”, “legs absent”,
and “abdominal segments with 3-4 dorsal folds” pre-
ceded the adult novelty “geniculate antennae”;
similarly, larvae with “postoccipital condyles”
appeared before adults with the “derived type of male
genitalia”. The paper shows that immature stages

represent a valuable source of evidence for the recogni-
tion of natural groups and relationships of such a large
and phylogenetically confusing group as Curculion-
idae. Several further steps are needed to ensure the
stability of weevil higher relationships and classifica-
tion. These include discovery and detailed study of the
still unknown immature stages of some weevil taxa
and a broader survey of new adult features. I would
also emphasize the potential value, as source of new
data, of DNA sequencing on Curculionoidea. I feel
confident that an enlarged data base made available
for cladistic analyses will ultimately lead to a better
understanding of weevil phylogeny and more stable
natural classifications. I hope my findings represent a
valuable step towards this goal. 
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APPENDIX I 

List of Species Studied 

The material studied was borrowed from the follow-
ing institutions: Museo Argentino de Ciencias
Naturales, Buenos Aires, Argentina [MACN]; Museo
de La Plata, La Plata, Argentina [MLP]; National
Museum of Natural History, Washington D.C., USA

[NMNH]; New Zealand Arthropod Collection, Auck-
land, New Zealand [NZAC]; The Natural History
Museum, London, England [NHM]. The following
specialists also lent or donated specimens for this
study: Roy A. Crowson, Glasgow University, Glasgow,
Scotland [RAC]; Anne T. Howden, Carleton Univer-
sity, Ontario, Canada [ATH]; Brenda M. May,
Landcare Research, Auckland, New Zealand [BMM];
Germano H. Rosado-Neto, Universidade Federal do
Paraná, Curitiba, Brasil [GHR]; and Michael Sanborne,
McGill University, Quebec, Canada [MS]. Specimens
obtained by my collectings and rearings from various
parts of Argentina during 1991–1995 are indicated by
[AEM]. 

Ingroup 

Ithycerinae. Ithycerus noveboracensis (Forster) [MS;
NHM]. 

Microcerinae. Material of this taxon was not avail-
able for this study, but information on larval characters
is found in Louw (1995). 

Brachycerinae sensu stricto. Brachycerus albidentatus
Gyllenhal [NMNH]; Brachycerini gen. sp. indet.
[NHM]. 

Rhynochophorinae. Cosmopolites sordidus (Germar)
[NHM]; Diocalandra frumenti (Fabricius) [NHM];
Dryophthorus corticalis (Paykull) [NHM]; Sipalinus hyp-
ocrita (Boheman) [NHM]; Sphenophorus incurrens
Gyllenhal [NHM]. 

Platypodinae. Platypus cylindrus (Fabricius) [NHM];
Platypus sp. [NHM]. 

Erirhininae. Erirhinus nereis (Paykull) [NHM];
Notaris acridulus (L.) [NHM]; Tanysphyrus lemnae
(Paykull) [NHM]. 

Curculioninae sensu lato. (Curculionini)—Curculio
glandium Marsham [NHM], C. nasicus (Say) [NHM];
(Molytini)—Hylobius abietis (L.) [NHM], Conotrachelus
quadrinotatus (Fabricius) [NHM]; (Cryptorhynchini)—
Cyrptorhynchus lapathi (L.) [NHM]; (Lixini)—Cleonis
pigra (Scopoli) [NHM], C. brevirostris Gyllenhal
[NHM];. Lixus paraplecticus (L.) [NHM]; L. algirus (L.)
[NHM]; (Cionini)—Cionus fraxini (De Geer) [NHM];
(Hyperini)—Hypera arator (L.) [NHM]; Phelypera griseo-
fasciata Capiomont [NHM]; Cepurus torridus (Olivier)
[NHM]. 

Cossoninae. Cossonus binodosus Marshall [NHM]; C.
parallelepipedus (Herbst) [NHM]. 
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Scolytinae. Scolytus scolytus (Fabricius) [NHM]. 
Thecesterninae. Material of this taxon was not avail-

able for this study, but information on immature stages
is found in McClay and Anderson (1985). 

Amycterinae. Cubicorhynchus crenicollis (Water-
house) [BMM; NZAC]; Sosytelus pubescens (Lea) [BMM;
NZAC]. 

Aterpinae. Aegorhinus phaleratus Erichson [NHM];
Anagotus helmsi Sharp [BMM; NZAC]; Anagotus occo-
nori Broun [BMM; NZAC]; Chrysolopus spectabilis
(Fabricius) [ATH]; Rhadinosomus acuminatus (Fabri-
cius) [BMM; NZAC]. 

Rhytirrhininae. Antarctobius falklandicus (enderlein)
[NHM]; Gromilus exiguus (Brookes) [BMM; NZAC]; G.
thoracicus (Broun) [BMM; NZAC]; Listeroderes abditus
Enderlein [NHM]; L. bruchi Hustache [AEM]; L.
costirostris Schoenherr [AEM; MACN]; Listronotus
bonariensis (Kuschel) [MLP; NHM]; Rhigopsidius piercei
Heller [MLP]; Tristanodes sp. [RAC]. 

Gonipterinae. Gonipterus gibberus Boisduval [GHR;
NHM]; G. scutellatus Gyllenhal [GHR; NHM]. 

Entiminae: Pachyrhynchini. Pantorhytes biplagiatus
(Guérin) [NHM]; P. plutus (Oberthür) [NHM]; P. proxi-
mus (Faust); P. szentivanyi Marshall (BMM; NHM;
NZAC]. 

Entiminae: Ectemnorhinini. Material of this taxon
was not available for this study (larvae and pupae sent
by S. L. Chown were lost in transit) but information on
immature stages is found in van Emden (1952), May
(1970), and Chown and Scholtz (1989, 1990). 

Entiminae: Alophini. Alophus triguttatus (Fabricius)
[NHM]; Trichalophus didymus (LeConte) [NHM]; Trig-
lyphulus ater LeConte [NMNH]. 

Entiminae: Sitonini. Sitona cylindricollis (Fåhraeus)
[NHM]; S. crinitus (Herbst) [NHM]; S. flavescens (Mar-
sham) [NHM]; S. gressorius (Fabricius) [NHM]; S.
griseus (Fabricius) [NHM]; S. puncticollis Stephens
[NHM]; S. lineatus (L.) [NHM]; S. regensteinensis
(Herbst) [NHM]; S. tibialis (Herbst) [NHM]. 

Entiminae: Entimini. Agasphaerops  n igra Horn
[NMNH]; Amblyrhinus poricollis Boheman; Asynony-
chus cervinus (Boheman) [AEM; NMNH]; Atrichonotus
taeniatulus (Berg) [AEM; NMNH]; Barynotus obscrurs
(Fabricius) [NHM]; Barypeithes mollicomus Ahrens

[NHM]; Callirhopalus bifasciatus (Roelofs) [NHM]; Colo-
mycterus sp. [NHM]; Chlorophanus viridis (L.) [NHM];
C. sp. [NHM]; Cylydrorhinus farinosus (Burmeister)
[AEM]; Cyrtepistomus juncundus (Redtenbacher)
[NHM]; Diaprepes abbreviatus (L.) [NHM]; D. boxi Mar-
shall [NHM]; Epicaerus cognatus Sharp [NMNH];
Eurymetopus oblongus (Hustache) [AEM]; Geoderces sp.
[NMNH]; Hormorus undulatus (Uhler) [NMNH]; Lepto-
mia s  munda l i Marsha l l  [NHM] ;  Malv in ius
compressiventris (Enderlein) [NHM]; Mesagroicus sp.
[NMNH; NHM]; Naupactus leucoloma Boheman [AEM;
MLP; NMNH]; N. peregrinus (Buchanan) [NMNH]; N.
rugosus Hustache [AEM]; N. ruizi (Brèthes) [AEM]; N.
sulphurifer Pascoe [AEM]; N tucumanensis Hustache
[AEM]; N. verecundus Hustache [AEM]; N. xanthogra-
phus (Germar) [AEM; MLP]; Neliocarus faber (Herbst)
[NHM]; Oclandius cinereus (Blanchard) [BMM; NZAC];
Otiorhynchus meridionalis Gyllenhal [NHM]; O. sulcatus
(Fabricius) [ATH]; Scythropus mustela (Herbst) [NHM];
Pachnaeus litus (Germar) [NMNH] P. sp. [NMNH];
Pachynotus globulicollis Redtenbacher [NHM]; Periteli-
nus variegatus Casey [NMNH]; Philopedon plagiatum
(Schaller) [NHM]; Phyllobius calcaratus (Fabricius)
[NHM]; P. pomaceus Gyllenhal [NHM]; Platyaspistes
argentinensis Kuschel [AEM]; Polydrusus cervinus (L.)
[NHM]; P. mollis (Stroem) [NHM]; Pororhynchus sp.
[AEM]; Premnotrypes sp. [NHM]; Psalidium maxillosum
(Fabricius) [NHM]; Rhyncogonus extraneus Perkins
[NMNH]; R. griseus Van Dyke [NMNH]; Sciaphilus
asperatus (Bonsdorff) [NHM]; Strophosoma capitatum
(Marsham); Tanymecus confusus Say [NMNH]; Thylac-
ites incanus (L.); Trachyphloeus bifoveolatus (Beck)
[NHM; NMNH]; T. scabriculus (L.) [NHM]; Trigonos-
cuta pilosa Motschulsky [NHM]. 

Outgroup 

(Brentinae)—Anisognathus csikii Bolkay [NHM];
Arrhenodes minuta (Drury) [NHM]; Lasiorhynchus barbi-
cornis (Fabricius) [RAC]; Mygaleicus vittipennis
(Fåhraeus) [NHM]; (Cyladinae) Cylas formicarius (Fab-
ricius) [NHM]; (Apioninae)—Apion spp. [NHM];
Nanophyes robustus Pic [NHM]; N. terminalia Marshall
[NHM].   
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