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A. F. Newton, Jr., unpublished]. Agyrtids are the least specialized of all
staphylinoids and closely resemble the Mesozoic genus Mesagyrtes (2); only
the aedeagus, asymmetrical and with parameres fused or absent, is a derived
feature relative to other staphylinoids. Most agyrtid adults have an open,
sensilla-filled periarticular gutter on the penultimate antennal segments, an
apparent precursor to the nearly enclosed gutter and internal vesicles of
most Leiodidae (17); but they differ from leiodids in retaining an anal flap
on the wing and have six (rather than five or fewer) pairs of larval stemmata.
Leiodidae is a large and diverse family of primarily mycophagous beetles,
often divided into as many as five families (here considered subfamilies):
Leiodidae (= Anisotomidae), Colonidae, Camiaridae, Cholevidae (=
Catopidae, = Leptodiridae) and Leptinidae (= Platypsyllidae) (35, 41).
Their interrelationships, together with those of Catopocerinae and
Glacicavicolinae (117) are not yet clear.

Most members of the staphylinid group share abbreviated elytra and a
suite of correlated modifications permitting high abdominal motility, such
as wings with a hinge and compact, usually characteristically asymmetrical,
folding pattern and abdomen well sclerotized from about second or third
tergum, usually with paratergites and with long intersegmental membranes
bearing a pattern of minute sclerites (11, 50). The aedeagus is characteristic,
with a large basal bulb and internal muscles for evagination of the internal
sac, and is usually everted asymmetrically (108). Larvae have the following
head specializations probably correlated with the ancestral aquisition of
predatory feeding habits: (a) labrum (if free) divided into three or five
sclerites and lacking tormae; () mandibles long and slender, without mola;
and (c) tentorium with posterior arms attached directly to ventral surface
of head and bridge directed posteriorly [(12); A. F. Newton, Jr., unpub-
lished]. Fundamental to our understanding of the evolution of this large
group is the question of primary versus secondary nature of moderately long
elytra and nonpredatory feeding habits, both of which occur in several of
the included families but not necessarily in combination. The secondarily
developed hindwing hinge common to all members of the group is probably
a response to shortened elytra and the resultant need for compactly folded
wings. Thus the common ancestor may have resembled typical Recent
Staphylinidae having short elytra, with lengthened elytra being secondarily
derived, a hypothesis supported by the earliest known Mesozoic fossils
(110).

The family Staphylinidae, with over 30,000 species world wide, is mor-
phologically and biologically diverse; the remaining smaller families are
generally considered to be derived from Staphylinidae or intermediate be-
tween that family and “lower” staphylinoids. There is growing evidence
that four main lineages are represented among the staphylinid subfamilies,
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and that the other families in the staphylinid group may be close to or
belong within one or another of these lineages: () omaliine group (Omalii-
nae, Microsilphinae, Empelinae, Neophoninae, Proteininae, Dasyceridae,
and probably Micropeplidae and Pselaphidae); (b) tachyporine group
(Pseudopsinae, Phloeocharinae, Tachyporinae, Trichophyinae, Ha-
brocerinae, and Aleocharinae sensu lato); (c) oxyteline group (Piestinae,
Osoriinae, Oxytelinae, and probably Scaphidiidae); and (d) staphylinine
group (Oxyporinae, Megalopsidinae, Steninae, Euaesthetinae, Leptotyph-
linae, Paederinae, Staphylininae and possibly Scydmaenidae and Silphidae).
In the omaliine group, all but the last two taxa have a unique and complex
adult defense gland on sternum eight, while the last five taxa have adult
spiracles on segments three or four to six atrophied [(1); A. F. Newton,
Jr., unpublished)]. The tachyporine group has no clear synapomorphies but
is widely accepted as a natural unit of predominantly predatory species
lacking the specializations of other groups (49, 85, 110). The first three taxa
of the oxyteline group are closely associated saprophages, while the fungi-
vorous scaphidiids have been treated as a subfamily of Staphylinidae be-
cause of larval similarities to this group (61, 84). The staphylinine group
is a large assemblage whose adults and larvae, mostly predatory, utilize
extraoral digestion; Silphidae (Silphinae and Nicrophorinae only) and Scyd-
maenidae, often excluded from the staphylinid group entirely, have derived
traits in common with this staphylinine assemblage, including mode of
digestion [(35); A. F. Newton, Jr., unpublished]. If further study supports
this suggested subdivision of the staphylinid group, it will be necessary
either to merge all families in Staphylinidae or to break up the latter family.

At least Staphylinidae and probably the staphylinid group as a whole,
may have originated from “lower” mycophagous staphylinoids as preda-
tory inhabitants of the interstitial spaces of forest litter [(11, 35, 110); A.
F. Newton, Jr., unpublished]. The omaliine group is widely considered to
include the most primitive staphylinids (11, 18, 110); the taxa, often mor-
phologically isolated from one another and showing relict distribution pat-
terns, may be remnants of an early adaptive radiation of the staphylinid
group. The remaining groups may represent later and more successful
radiations of generalized predators (tachyporine group), saprophages (ox-
yteline group), and more highly specialized predators (staphylinine group).
Each of the latter three groups has produced one or more large, diverse and
successful subfamilies of highly agile species with independently evolved
abdominal defense glands (1).

Elateriform Lineage

Two features commonly occurring in this group are a heterogeneous life
cycle, with long-lived larvae and short-lived adults occupying different
niches, and the development of aquatic or riparian habits and the correlated
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lack of a larval spiracular closing apparatus in all but the Eucinetoidea, a
few Scarabaeoidea, Buprestidae, Eucnemidae, and Brachypsectridae (20,
35). Most adults are surface-active, and many have evolved defensive adap-
tations for compacting and streamlining the body, including mechanisms
for coadapting the prothorax with the pterothorax and elytra, either perma-
nently in rigid body forms like Byrrhidae, Buprestidae, and Artematopidae,
or temporarily by a series of crenulations and interlocking processes, as in
most Dascilloidea, Dryopoidea, and Elateroidea (56, 57). In Elateroidea,
streamlining is highly developed and portions of the prothoracic interlock-
ing device may be transformed into a specialized clicking mechanism that
startles predators (41a, 57). Surface grade cantharoids, on the other hand,
have lost mechanical defense systems and developed a thin and flexible
cuticle, while perfecting chemical defenses and aposematic coloring (35,
57). Scarabaeoidea have evolved both surface- and substrate-inhabiting
forms, but the basic adult structure seems to have been profoundly in-
fluenced by the early evolution of burrowing habits, possibly in connection
with feeding on subterranean fungi (20, 35, 57). Mycophagy is relatively
rare, and phytophagy of algae, mosses, and various kinds of living and dead
plant tissue is dominant throughout the group, with predation having
evolved in Elateridae and most Cantharoidea.

EUCINETOIDEA-DASCILLOIDEA The families Eucinetidae, Clambidae,
and Scirtidae (= Helodidae) share a number of plesiomorphic characters,
and they lack the complex pro-mesothoracic interlocking device found in
dascilloids and most elateriforms (20, 57). The reduced prothorax, hypogna-
thous head, and type of compaction mechanism appear to be unique, al-
though analogs may be found throughout Polyphaga (57). Eucinetids and
clambids are more primitive than scirtids with respect to the abdominal
apex (complete and usually with functional eighth spiracles), trilobed
aedeagus, and type of larva, but each exhibits a suite of adult autapomor-
phies connected with saltation in the former and minute size and compac-
tion in the latter (20, 34, 57). In Scirtidae, the abdominal apex is reduced,
with no proctiger and no spiracles on segment eight, the aedeagus is highly
specialized, exhibiting extreme variation in the structure of tegmen and
penis, and the larva has a metapneustic respiratory system, a multiannulate
apical antennal segment, and specialized, filter-feeding mouthparts (12, 87).

A close relationship between Dascillidae and Rhipiceridae is supported
by the structure of the mandibles, aedeagus, and metendosternite, the lobed
tarsi, and the wing venation and folding (27, 44). Dascillid larvae, however,
are soil-inhabiting grubs very similar to those of scarabaeoids, while known
rhipicerid larvae are hypermetamorphic ectoparasites of cicada nymphs and
have little in common with those of dascillids (12). The complex pro-
thoracic interlocking device and lack of a larval spiracular closing ap-
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paratus tend to link this group with typical Elateriformia, such as
Ptilodactylidae and Callirhipidae, and may be used to refute Crowson’s
hypothesis that Scarabaeoidea evolved from a dascilloid ancestor (20, 27,
57). Larval similarities between scarabaeoids and dascillids may be plesi-
omorphic or convergent, while the divided penis of dascilloids and some
scarabaeoids may be homologous to the condition in some Scirtidae and
Psephenidae (27, 87).

SCARABAEOIDEA This is a relatively isolated and uniform group charac-
terized by a unique set of coxal and tibial adaptations for burrowing, a
complex wingfolding mechanism combining a strong intrinsic spring with
patches of abdominal tergal spicules, a lamellate antennal club, and a
distinctive grub-like larva (18, 50, 57, 93). The scarabaeoids fall into two
sections according to the structure of the abdominal apex: Lucanidae,
Trogidae and Passalidae, in which the eighth segment is retracted, and the
remaining families, in which this segment is exposed (18). Members of the
first group often have a trilobed aedeagus with a well-developed penis, a
more or less complete ovipositor with styli, and a larval spiracular closing
apparatus, while in the genus T7ox the larval spiracles are biforous instead
of cribriform; all of these primitive features, however, occur in one or more
members of the second group (5, 55, 58, 95, 108).

Species of Pleocoma are the only scarabaeoids with posteriorly open
procoxal cavities (94) and a large and variable number of ovarioles (97); are
similar to Lucanidae in the number of plesiomorphic characters involving
adult spiracles (96); and have an undivided ninth tergite in the male and
an ovipositor with styli (J. F. Lawrence, unpublished). The genus has been
placed in Geotrupidae on the basis of symplesiomorphies, such as 11-
segmented antennae (18), but more recently it has been accorded family
rank (35, 69). Larvae resemble those of geotrupids, trogids, and most luca-
nids in having three-segmented antennae, but they differ in having a rela-
tively simple and symmetrical epipharynx without fused tormae (93).
Diphyllostoma was described as a lucanid but has a number of characters
in common with both Geotrupidae and Pleocomidae. Except for Pleocoma,
this is the only scarabaeoid genus in which the protrochantin is exposed,
but the ninth tergite is divided in the male and the ovipositor is at the
geotrupid stage of reduction; the exposed second abdominal sternite is
unique (58). Geotrupidae is a large and variable family with an advanced
type of aedeagus (reduced penis and enlarged phallobase) and an ovipositor
without styli, but almost always with 11-segmented antennae and a suite of
plesiomorphic characters occurring also in the Jurassic Geotrupoides (2,
18). The South American Taurocerastinae have only ten antennal segments,
but the general form and spiracular structure, as well as characters of the
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undescribed larva of Frickius support their inclusion within this family
[(95); H. F. Howden, personal communication].

The Ochodacidae, Hybosoridae, and Ceratocanthidae appear to be
closely related and are linked by a series of intermediate forms, such as
Liparochrus and Pachyplectris; the last family, however, is sometimes asso-
ciated with Trogidae (16, 18, 58, 93, 95). The larval antennae are basically
four-segmented, like those of glaphyrids and true scarabs, but in Hybosori-
dae there may be a secondary fusion of the third and fourth segments (16,
93). Ochodaeidae differ from the other two families in the presence of a
well-developed, lucanid-like ovipositor, a condition that would preclude
their derivation from Geotrupidae. The Glaphyridae are often included in
Scarabaeidae, but the primitive type of ovipositor, undivided ninth tergite,
functional eighth abdominal spiracles and larval spiracular closing
apparatus distinguish them from the latter (25, 55, 58). The true Scar-
abaeidae are usually characterized by a reduction of the abdominal
apex, with loss of functional spiracles and membranization of pregenital
segments, the loss of one of the free anal veins in the wing, and a larva
with four-segmented antennae and no stridulatory organs on the legs
(25, 93).

BYRRHOIDEA-BUPRESTOIDEA The families Byrrhidae and Bupre-
stidae are more or less isolated from other elateriforms, each combining
different plesiomorphic traits with a suite of unique specializations. The
Byrrhidae is an amphipolar group of moss-feeding beetles whose larvae
have six pairs of stemmata, a free labrum, movable maxillae, and a bisetose
tarsungulus, but lack a mandibular mola and spiracular closing apparatus,
while adults have a generalized prothoracic structure, but have lost the
transverse metasternal suture and have a modified type of wing folding
associated with the short, broad body form (18, 20). The diet and apical
elytral interlocking tongue are shared with Artematopidae, but there is little
else to suggest a close relationship between the two groups.

Buprestidae are highly specialized as both larvae and adults, the former
having an enlarged prothorax and modified head for boring into woody
tissue, cribriform spiracles (biforous in Schizopinae), and no legs, and the
latter having a modified prothorax (exposed trochantin and rigid pleuron),
solidly fused third and fourth abdominal sternites, and cryptonephridic
Malpighian tubules (18, 20, 30). The transverse metasternal suture in the
adult, free labrum in the larva, and larval spiracular closing apparatus are
primitive features. Buprestids have been linked with Dryopidae, Lutro-
chidae, and Limnichidae because of their spirally twisted, ensheathed testes,
but the ovipositor is of a more primitive type than occurs in those dryopoid
families (60). Schizopinae form a distinct subfamily, retaining three stem-
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mata in the larva and a type of wing venation resembling that in Dascil-
loidea (44).

DRYOPOIDEA  As used here, this group is equivalent to that delimited by
Crowson (30, 33) plus the family Callirhipidae. There appear to be two
main lineages: (a) Callirhipidae-Eulichadidae-Ptilodactylidae-Chelonari-
idae, in which transverse metasternal suture is reduced or absent and
larval stemmata tend to form a vertical cluster or are completely fused,
and (b) Heteroceridae-Lutrochidae-Limnichidae-Dryopidae-Elmidae-Pse-
phenida, in which the transverse suture is well developed and the five or six
stemmata are distinct and well separated (20, 33). Within each of these two
lineages, several parallel adaptations have occurred, some of which are
associated with aquatic or riparian habits. These include (@) formation of
a heavily sclerotized ovipositor with reduced or no styli, (5) development
of a high grade wing-folding mechanism (dryopoid type of Forbes), (¢) loss
of functional spiracles on abdominal segment eight in the adult, () forma-
tion of an operculum at the abdominal apex in the larva, (e) coadaption of
the larval maxillolabial complex, and (f) evolution of larval respiratory
features, such as anal gills, abdominal gills, and dorsally or posteriorly
placed eighth abdominal spiracles (12, 33, 44, 71).

Although Callirhipidae have been included in Artematopoidea, partly
based on the absence of a mandibular mola and presence of eighth abdomi-
nal spiracles in the adult, the prothoracic structure is very similar to that
in various Ptilodactylidae, the metendosternite and wing are like those in
Eulichadidae, and the ovipositor resembles those in both families [(30, 44);
J. F. Lawrence, unpublished]. The heavily sclerotized, cylindrical larva
feeds in rotten wood and has a number of unique features, such as a dorsally
hinged operculum and sclerotized ligula (12). Eulichadid adults are similar
to Ptilodactylidae in having a mandibular mola and specialized ovipositor
and in lacking functional eighth spiracles, but the larvae have more general-
ized mouthparts (with a visible maxillary articulating area), ventral abdomi-
nal gills, and a remnant of the metathoracic spiracle (12, 33, 71). The
Ptilodactylidae are extremely variable and probably should be split into two
or more groups. Ptilodactylinae are distinguished by the concealed protro-
chantins in the adult and terrestrial habits of the larva, while Anchytarsinae
include forms with exposed protrochantins and aquatic or riparian larvae
(12, 57). The adult of Araeopidius differs from other ptilodactylids in pro-
thoracic structure and wing folding, but its larva, originally described as
that of Helichus (71), is so distinct that the group probably should be given
family rank; the larval head resembles that in Eulichadidae, the abdominal
apex bears an operculum, and the vestigal spiracles are associated with
plastron plates (J. F. Lawrence, unpublished).
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The families comprising the second dryopoid assemblage are usually
considered to be more derived forms, and yet the distinguishing features of
the group are both plesiomorphic. Furthermore, Heteroceridae, Dryopidae,
Lutrochidae, and Limnichidae have functional eighth spiracles (said by
Crowson to be secondarily developed), Lutrochidae and some Dryopidae
have the fifth abdominal sternite free (unlike any other dryopoid), and both
Elmidae and Psephenidae have primitive male and female genitalia [(33,60);
J. F. Lawrence, unpublished].

ARTEMATOPOIDEA-ELATEROIDEA-CANTHAROIDEA The Artema-
topidae and Brachypsectridae, together with those families normally in-
cluded in Elateroidea and Cantharoidea, appear to form a monophyletic
group with a distinctive larval type having a single large stemma on each
side of the head, a bisetose tarsungulus, and a feeding mechanism adapted
for extraoral digestion and involving reduction and usually fusion of the
labrum, loss of the mandibular mola, coadaption of the maxillolabial com-
plex, and blockage of the buccal cavity by hairs (28, 30, 69). This type of
feeding mechanism is sometimes used as evidence of predatory habits in the
common ancestor (20, 47), but this is not consistent with the larval diets
of primitive forms like macropogonine Artematopidae (mosses) or Cero-
phytidae (rotten wood) (30, 77). Adults are characterized by the lack of a
mandibular mola and transverse metasternal suture, low grade type of wing
folding, functional eighth abdominal spiracles, and four Malpighian tubules
in all forms examined (including Artematopidae and Brachypsectridae)
[(30, 50, 60); K. W. Cooper, personal communication]. Propleurocoxal
mechanisms reflect the diversity in adult form and vary from an exposed
trochantin and movable pleuron (Artematopidae and Cantharoidea) to a
highly reduced and concealed trochantin and rigid pleuron (Elateroidea),
with intermediate conditions in Cerophytidae and Brachypsectridae (con-
cealed but well-developed trochantin and movable pleuron) or Cebrionidae
and Plastoceridae (exposed but rigid trochantin) [(57); J. F. Lawrence,
unpublished].

Cucujiform Lineage

This is the largest assemblage of Coleoptera, with more than 90 families and
more than half of the described genera and species, the majority of which
belong to the large phytophagous complex included in the superfamilies
Chrysomeloidea and Curculionoidea. A major feature of the group is a
general adaptation to xeric conditions, as indicated by the almost universal
retention of the larval spiracular closing apparatus, the development of
cryptonephridic Malpighian tubules in all groups studied, except Derodon-
tidae and Nosodendridae, and the rare occurrence of aquatic or riparian
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habits (35, 71). Other characters occurring in the more advanced groups
include the loss of the metacoxal excavation, development of a specialized
type of metendosternite (hylecoetoid type), enclosure of the propleurocoxal
mechanism and fusion of the cryptopleuron to the notum, reduction of the
abdominal apex and loss of the last pair of abdominal spiracles, and the
transformation of the primitive trilobed aedeagus into specialized ring-like
or sheath-like structures (18, 20, 35, 56). In ancestral forms, both larvae and
adults probably occurred in the same niches, feeding on decaying vegeta-
tion, yeasts and other primitive fungi, or fungal spores (70, 70a); these
habits persist in derodontoids, and in cucujoids and tenebrionoids, but in
the majority of families larvae are phytophagous or mycophagous substrate
dwellers, while adults occur on surfaces, often feeding on foliage or flowers.
Surface feeding phytophagous larvae occur in Chrysomelidae and a few
groups of Coccinellidae and Curculionidae. Active predation is uncommon,
occurring mainly in Cleroidea and Coccinellidae, while larval ectoparasit-
ism has developed in Passandridae, Bothrideridae, Meloidae, and Rhipi-
phoridae. Relationships among the primitive families are problematical,
and the Derodontoidea is almost certainly paraphyletic. The only two
superfamilies consistently recognized as sister groups are Chrysomeloidea
and Curculionoidea, which share a number of apparent synapomorphies
involving tarsi, aedeagus, metendosternite, and testes (20, 35, 60a).

DERODONTOIDEA-BOSTRICHOIDEA Derodontidae is one of the most
primitive of polyphagan families, exhibiting such archaic features as paired
dorsal ocelli, transverse metasternal suture, mesocoxal cavities partly closed
by the metepisterna, trilobed aedeagus, and six, free Malpighian tubules.
Nosodendridae resemble derodontids in having free Malpighian tubules and
similar larval mouthparts, but in other respects they appear to be linked
with the bostrichoids (18, 19, 70). The position of Jacobsoniidae (including
Saphophagus, Sarothrias, Derolathrus, and Gomya) is still uncertain and
their placement here is partly a matter of convenience. The inclusion of
Derolathrus in the cucujoid family Merophysiidae is not supported by the
structure of the abdominal apex, which has complete ninth and tenth ter-
gites and functional spiracles on segment eight (19, 68, 69, 70, 102).

The Bostrichoidea (including Dermestidae) are characterized by a unique
type of cryptonephridism, with Malpighian tubules attached to the hindgut
in a single bundle, an aedeagus with the penis attached basally to the
parameres, and the lack of a basal, tuberculate mola on the larval mandible
(18, 19, 70). Although Dermestidae is a well-defined, monophyletic group,
phylogenetic relationships among the remaining bostrichoids are such that
either two families, Bostrichidae and Anobiidae, should be recognized (35)
or various bostrichid subfamilies, such as Endecatominae, Lyctinae and
Psoinae, should be given family rank (21). )
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LYMEXYLOIDEA-CLEROIDEA The Lymexylidae appear to be a relict
group, having affinities with Cleroidea but retaining a separate galea and
lacinia in the larva and having an aedeagus which is suggestive of the
bostrichoid type (18, 69). Various authors have claimed that lymexylids
represent the most primitive type of beetle (3, 51, 73). Structures described
by Baehr (3) in the cervical region and prothorax of Atractocerus and
apparently lost in all other Coleoptera have almost certainly been misinter-
preted, while other so-called primitive features of this genus, such as the
lack of transverse folds in the wing and the reduced cryptopleuron, are
easily derived from other less specialized Lymexylidae, which have all of
the characters of higher cucujiforms (cryptonephridic Malpighian tubules,
hylecoetoid metendosternite, cucujoid aedeagus, and acone lens with an
open rhabdome) (18, 20, 113).

There are two derived groups of cleroids, which are well-defined on larval
and adult characters: Chaetosomatidae-Cleridae and Melyridae-Acanthoc-
nemidae-Phycosecidae; relationships among the more primitive families,
however, are far from being understood, and some genera are not easily
distinguished from members of Cucujoidea (22, 23, 26). The limits of the
families Peltidae, Lophocateridae, and Trogossitidae have been questioned,
and some workers treat them as a single family Trogossitidae (7, 8, 69). The
monophyly of Lophocateridae cannot be disputed, because of the distinctive
larval structure, but difficulties in separating adults from those of Peltidae
have led some authors to criticize the concept (7, 8).

CUCUJOIDEA (= CLAVICORNIA) There have been three major advances
in the study of cucujoid phylogeny: (a) the recognition of several primitive,
primarily south temperate groups (Protocucujidae, Boganiidae, Hobar-
tiidae, Phloeostichidae, Cavognathidae), the members of which were previ-
ously undescribed or placed in one or more of the larger clavicorn families
(18, 29, 103, 104, 105); (b) the removal from the old family Cryptophagidae
of several forms found to be related to Erotylidae and Languriidae, with the
retention of the more primitive, amphipolar assemblage characterized by
widely open procoxal cavities, enlarged basal abdominal sternite, and in-
complete elytral epipleura (18, 34a, 105, 106), and (c) the recognition of an
advanced group of families related to Cerylonidae and having a reduced
number of tarsal segments and characteristic wing venation (18, 20, 107).

The difficulties involved in handling the more primitive clavicorns is
illustrated by the fact that original members of the Boganiidae are now
placed in four different families (35, 103). The Phloeostichidae contains
several subgroups with at least three distinctive larval types, and their
relationships to Cucujidae, Silvanidae, and Helotidae are unclear (29, 103,
104). The Australian genus Lamingtonium has been suggested as a link
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between primitive cucujoids and the complex of families including Lan-
guriidae, Erotylidae, Propalticidae, and the recently resurrected Crypto-
philidae (18, 35, 36, 105, 106); a putative larva, however, appears to have
the diagnostic features of the Cleroidea (R. A. Crowson, personal communi-
cation).

Although most workers consider the Biphyllidae and Byturidae to be
closely related families of Cucujoidea (18, 35, 69), they have also been
placed in Tenebrionoidea because of the apparently heteromeroid type of
aedeagus and oblique trochanterofemoral articulations (20, 67, 116). The
aedeagal structure in biphyllids and byturids is actually closer to the sheath
type found in some Cleroidea, while oblique trochanters occur in various
other groups (18, 22, 59). The type of procoxal closure and the nature of
the subcubital binding patch in the wing, as well as the single tarsungular
seta in the larva, suggest an affinity with the family Cryptophilidae, and yet
other wing characters and the laterally open mesocoxal cavities indicate a
more primitive position within Cucujoidea (18, 106).

TENEBRIONOIDEA (= HETEROMERA) Adult tenebrionoids can usually
be distinguished by the heteromeroid aedeagus (lacking a ventral ring or
ventral strut attached to a dorsal tegmen), oblique trochanterofemoral ar-
ticulations, and a tarsal formula that is almost always 5-5—4 or 444 (and
never 5-5-5), while the larvae lack the mandibular prostheca and have a
relatively unsculptured upper surface, blunt maxillary mala, and more or
less transverse anal region (18, 20, 67, 69). Many primitive characters for
the group may be found among the small, fungivorous species of Myceto-
phagidae and Tetratomidae (18, 67). From an ancestor combining the
features of these two families it is likely that Archeocrypticidae, Pterogenii-
dae, and probably Ciidae evolved directly, the first with little change in
larval structure or habits and the last two with different sets of larval
adaptations for boring into woody fungi (67, 116). The remaining teneb-
rionoid lineages might be as follows: (a) Tetratomidae, Melandryidae, Mor-
dellidae, Rhipiphoridae; (b) Synchroidae, Zopheridae, Prostomidae,
Colydiidae, Monommidae, Perimylopidae, Chalcodryidae, Tenebrionidae;
(¢) Oedemeridae, Cephaloidae, Meloidae; (d) Pythidae, Pyrochroidae,
Pedilidae, Boridae, Mycteridae, Salpingidae Inopeplidae, Othniidae; and
(e) Anthicidae, Euglenidae, Scraptiidae (12, 24, 37, 38, 39, 67, 68, 74, 76,
115, 116).

The tetratomid lineage is characterized by the gradual loss of the man-
dibular mola in the larval forms boring into harder substrates and the
evolution of active, surface-dwelling adults in the more advanced groups
(24). The parasitic Rhipiphoridae are thought to have developed from
mordellid-like ancestors with wood-boring larvae (35). Prostomidae have
distinctive larvae resembling Oedemeridae or Cephaloidae in head struc-
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ture, but the type of procoxal enclosure and aedeagus suggests that they are
more nearly related to colydiids (J. F. Lawrence, unpublished). Members
of Cephaloidae and Meloidae share a unique type of pubescent appendage
beneath each tarsal claw in the adult, and the cephaloid genus Nematoplus
is very meloid-like in general body form. The inclusion of Oedemeridae in
this lineage is based on (@) larval similarities between oedemerids and
cephaloids (74), (b) the presence of a small pubescent pad at the base of the
tarsal claw in the oedemerid genus Nacerdes, which may be homologous
to the tarsal appendage (J. F. Lawrence, unpublished), and (c) the presence
of cantharidin in at least some Oedemeridae and Meloidae (B. P. Moore,
W. V. Brown, personal communication). The close association of An-
thicidae and Euglenidae is widely accepted, but the inclusion of Scraptiidae
in this lineage and the constitution of the family Anthicidae are both
somewhat tentative (12, 18, 24, 67).

CHRYSOMELOIDEA The most recent treatment of chrysomeloid phy-
logeny (35, 78) recognized eight more or less distinct lineages, most of
which form part of the family Chrysomelidae: (@) Disteniidae (including
Oxypeltinae and possibly Philinae and Vesperinae), (b) Cerambycidae, (c)
Megalopodinae-Zeugophorinae, (d) Bruchinae-Sagrinae-Donaciinae-Cri-
ocerinae, (e) Orsodacninae-Synetinae-Eumolpinae-Galerucinae-Halticinae,
() Aulacoscelinae-Chrysomelinae, (g) Cassidinae-Hispinae, and (%)
Megascelinae-Lamprosomatinae-Chlamisinae-Clytrinae-Cryptocephalinae.
The positions of Orsodacninae, Synetinae, and Aulacoscelinae are sup-
ported by recent evidence based on larval structure, adult mouthparts, and
internal anatomy (78). An additional group, Protoscelinae, from the Upper
Jurassic, has characters of both Sagrinae and Aulacoscelinae, but may
include ancestors of the entire superfamily (78, 80).

The isolated position of Disteniidae is indicated by the structure of the
larval head, in which the hypostoma is concealed beneath the prothoracic
skin, the latter being attached directly to the submentum (12); the South
American Oxypeltinae share this larval character (40), but no evidence was
given for Crowson’s inclusion of Philinae and Vesperinae in this family (35).
The recognition of a separate family Megalopodidae (35) is based on the
presence of a mesonotal stridulatory file and cucujoid type of aedeagus in
the adult and the distinctive, internal-feeding larvae (18, 20); the group has
also been associated with the megasceline-clytrine complex but without any
strong evidence (78). Cassidinae and Hispinae were tentatively linked to the
sagrine assemblage because of the presence of bifid tarsal setae in both
groups (78).

Evidence for a close association of Bruchidae with the sagrine-criocerine
complex seems indisputable, and the geographic distribution, host plant
association, and lack of Mesozoic fossils suggests that Bruchidae is a very
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young group (20, 78). On phylogenetic grounds, the only alternatives are
to treat the group as a chrysomelid subfamily near the Sagrinae (78) or to
give the entire sagrine-criocerine assemblage family rank (35).

CURCULIONOIDEA The weevil families may be divided into two groups
based on the structure of the basal abdominal sternites; in Curculionidae,
Apionidae, Brentidae, and Antliarhinidae, sternites three and four are sol-
idly fused and usually much larger than those following, while in the
primitive families Nemonychidae, Anthribidae, Belidae, Oxycorynidae,
Aglycyderidae, and Allocorynidae, all sternites are freely articulated and
more or less equal in length. Intermediate conditions occur, however, in
rhynchitine Attelabidae and Ithyceridae, where sternites three and four are
connate but not solidly fused and not longer than the others, or in the
remainder of Attelabidae, where sternites three to five or six may be connate
without much difference in length (18, 20, 82, 100). Larvae of both At-
telabidae and Ithyceridae have epipharyngeal rods like those of the ad-
vanced group, while in Allocorynidae larvae lack the rods but adults have
fused gular sutures like members of the more advanced families (18, 25, 100,
111). Larval legs occur in both groups (Anthribidaec and Nemonychidae;
Ithyceridae, Antliarhinidae, and Brentidae) (100, 111); either legs have been
lost polyphyletically in curculionoid larvae, or they represent secondary
developments, as has been suggested by Crowson (35). Members of the
Jurassic family Eobelidae display a combination of characters (long probos-
cis, clubbed antennae, separate gular sutures, laterally margined prothorax,
and free abdominal sternites) found in various members of the Nemony-
chidae and Oxycorynidae (2).

The position of the genus Jthycerus has been the subject of recent studies
(83, 100), but the intermediate condition of the abdominal sternites has
resulted in this character being used as evidence for two opposing view-
points. Morimoto (83) emphasized the primitive nature of the abdomen and
metendosternite, and called attention to the presence of a spiracle on seg-
ment eight (which is moderately well developed but probably nonfunc-
tional). Sanborne (100) combined Ithycerus with the advanced group of
families on the basis of both larval and adult characters.

Traditionally, Scolytidae and Platypodidae have been considered distinct
families, but many modern workers treat them as relatively advanced Cur-
culionidae, partly on the basis of the geniculate antennae and well-
developed proventriculus in the adult and incomplete frontal sutures in the
larva, and partly because no consistent characters can be found to distin-
guish them from typical weevils in the larval stage (18, 20, 35, 79). Also,
cossonine weevils have been described that merge with scolytids in adult
morphology and behavior (66). Morimoto (82) and Wood (118) have ar-
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gued that both Scolytidae and Platypodidae split off the curculionoid stem
before the origin of Curculionidae, but at least some of their evidence is
based on misinterpretation. Morimoto stated that the abdomen in platypo-
dids is of the anthribid type (with all sternites freely movable), but this is
not the case. Wood based much of his argument on two genera, Protohy-
lastes and Protoplatypus, which he considered to be primitive Scolytidae
and Platypodidae, respectively; E. C. Zimmerman (personal communica-
tion) questions the placement of both of these forms.
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