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INTRODUCTION

Psocoptera (psocids, booklice or barklice) are a paraphyletic assemblage of
non-parasitic members of the order Psocodea (Lyal, 1985; Yoshizawa & Johnson, 2003,
2005; Johnson et al., 2004), containing about 5500 described species (Lienhard, 2003).
They are about 1 to 10 mm in length and characterized by well-developed postclypeus,
long antennae, pick-like lacinia, reduced prothorax, well-developed pterothorax, etc.

Phylogenetically, Psocoptera compose a monophyletic group (the order Psocodea)
with parasitic lice (‘Phtiraptera’: biting lice and sucking lice) (Lyal, 1985; Yoshizawa
& Johnson, 2003, in press; Johnson et al., 2004). The order is related to Thysanoptera
(thrips) and Hemiptera (bugs, cicadas, etc.) (Yoshizawa & Saigusa, 2001, 2003, but
see also Yoshizawa & Johnson, 2005). The above-mentioned three orders compose
the monophyletic group Paraneoptera, and Psocoptera retain the most plesiomorphic
states of characters in the group. Therefore, a morphological study of Psocoptera is
important in interpreting morphology and evolution of paraneopteran insects, as well as
in estimating phylogeny and evolution of Psocoptera (Yoshizawa, 2002; Yoshizawa et
al., in press). The morphology of Psocoptera was extensively studied by Badonnel (1934),
and it remains the most comprehensive morphological study on Psocoptera. However,
he examined only one species, Stenopsocus stigmaticus (Imhof & Labram, 1846), and a
detailed comparative analysis was lacking.

In the present study, the integumental morphology of Psocomorpha is investigated,
and homologies and transformation series of characters throughout Psocoptera are
discussed. These analyses form the basis of the recent morphology-based phylogenetic
analysis of Psocomorpha (Yoshizawa, 2002). Methods and terminology followed
Yoshizawa (2002) and Yoshizawa & Saigusa (2003). For deciding homology of external
structure, musculature and other internal structures were also studied in some cases.
Discussion of character polarities in this paper was based mainly on the results of the
recent morphology-based cladistic analysis (Yoshizawa, 2002).

REsuLTs AND DiscussioN

Head (Figs. 113)

The vertex of Psocomorpha is usually rounded, but sharply angled in some taxa
such as Calopsocidae. The latter character state is widely observed in Trogiomorpha and
Troctomorpha, but angled vertex in Psocomorpha is regarded as a secondarily derived
condition. The exuvial cleavage line is very clear on the vertex, but faint along the frons.

The occipital suture is hardly recognized. A faint line is observed along the
posterolateral edge of the head capsule which possibly represents the occipital suture.
The postoccipital suture is distinct. The subgenal suture is observed along the ventral
margin of the gena. It terminates anteriorly at the anterior tentorial pit, and continues to
the epistomal suture.

The postclypeus is usually large and strongly bulged. This structure is once
considered to be homologous with the frons (DuPorte,1962; Matsuda,1965; Hamilton,
1981) but, as shown by Yoshizawa & Saigusa (2003), the bulged structure of
Psocomorpha should be regarded as the postclypeus (Badonnel, 1934). In Trogiomorpha,
the post- and anteclypeus are less differenciated (Fig. 2A).

The anteclypeus of the Psocomorpha is represented by a transverse sclerite observed
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Fig. 1. Head, lateral aspect. (A) Echmepteryx lunulata (Trogiomorpha: Lepidopsocidae); (B)
Longivalvus nubilus (Psocidae).

between the postclypeus and labrum. It is clearly divided from the postclypeus by a
deep internal ridge, and from the labrum by a narrow membranous region (Fig. 3A). The
anteclypeus is completely membranous in some taxa such as Hemipsocidae.

The epistomal suture usually possesses an internal ridge. In Troctomorpha
and Trogiomorpha, the internal ridge of the epistomal suture is well developed
(Fig. 2A). In contrast, it is less developed (Fig. 2C, D) in most psocomorphan taxa
except Archipsocidae, Caeciliusoidea, Elipsocidae and Mesopsocidae (Fig. 2BD).
Phylogenetic analysis indicated that a well-developed epistomal ridge observed in the
latter three taxa has been secondarily derived from a less developed epistomal ridge. In
Hemipsocidae, Epipsocidae, and Cladiopsocidae, the epistomal suture is reduced and
only distinguishable around the anterior tentorial pits (Fig. 2D).

The postocciput has a well developed triangular occipital condyle that articulates
with the lateral cervical sclerite (Fig. 3B). Anterior, posterior, and dorsal tentorial arms
are present. The posterior tentorial arm is invaginated from just ventral to the base of
occipital condyle. The anterior tentorial arm originates at the middle of the posterior
tentorial bridge, and is strongly twisted near its base. In most cases, the anterior tentorial
arms are basally separated from each other but, in Epipsocetae, they are united basally,
forming a trapezoid plate. The anterior tentorial pit is usually invaginated from the
ventral end of the epistomal suture, but in some taxa, such as Psocidae and Epipsocidae,
it is separated from the ventral margin of the cranium. The dorsal tentorial arm arises
from near the middle of the anterior tentorial arm. Basally, the arm forms a wide
triangular plate, but is yliform distally. The dorsal tentorial arm is attached to the internal
ridge of the epistomal suture near the antennal socket.

The antennal socket is almost circular in shape, and surrounded by a well-developed
antennal sulcus. The antennifer is weakly projected from the ventral margin of the
socket, and articulated with the scape.
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Fig. 2. Head, anterior aspect. (A) Echmepteryx lunulata (Lepidopsocidae); (B) Archipsocus sp.
(Archipsocidae); (C) Longivalvus nubilus (Psocidae); (D) Epipsocopsis sp. (Epipsocidae); (E)
Stenopsocus sp. (Stenopsocidae). Arrow indicates the position of the anterior tentorial pit.

Eyes and Ocelli (Figs. 112)

Three ocelli are usually present, normally in a triangular arrangement, two laterally
on the vertex and one medially at the dorsal end of the frons. In wingless forms, ocelli
are often absent. Ocelli are sometimes grouped on a small tubercle.

The compound eye is large and hemispheric. The male compound eye is usually
much larger than the female. Internally, a well-developed ocular ridge is observed around
the compound eye.

Antennae

The antenna of Psocomorpha comprises a short scape, short pedicel, and eleven long
pagellomeres. Lengths of pagellomeres are progressively shorter distally. Flagellomeres
are clothed densely with long setae, usually denser in males than in females. The number
of pagellomeres is reduced in some wingless forms. In some taxa, three tiny sclerites
surround the base of the scape. The distal margin of the scape has a pair of distal
projections at the dorsal and ventral edges. Flagellomeres are usually thicker in males
than in females.
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Fig. 3. Longivalvus nubilus (Psocidae) (A) head capsule, around anterior tentorial pit, magniyed; (B)
tentorium, posterior aspect.
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Fig. 4. Mandible, right from anterior aspect (right), left from anterior aspect (left), and left from
internal aspect (middle). (A) Longivalvus nubilus (Psocidae); (B) Matsumuraiella radiopicta

(Amphipsocidae).

Mouthparts

Labrum (Fig. 2)
The labrum of Psocomorpha is basically orthopteroid type. Its distal margin

has rows of sensilla, and their number and arrangement are often used as diagnostic
characters. In Epipsocetae, each lateral half of the labrum has a slender sclerites
extending nearly or for its entire length, and with a small lobe at the ventral end of the
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slender sclerite.

Mandible (Fig. 4)

The mandible of Psocomorpha is of ordinary, orthopteroid biting type. Two types of
mandibles are observed within the Psocomorpha. In all psocomorphan families except
that of Calopsocidae, Caeciliusetae and Epipsocetae, the shape of the mandible is almost
uniformly triangular, with its outer margin smoothly rounded and its posterior margin
not deeply concaved (Fig. 4A). This condition is also observed in all Trogiomorpha
and Troctomorpha. In Caeciliusetae, Epipsocetae, and Calopsocidae, the mandible is
elongate, with its outer margin angled, and its posterior margin deeply concaved (Fig.
4B). The mandible of Calopsocidae is somewhat intermediate between the triangular and
elongate types. Its outer margin is almost smoothly rounded or slightly angled, with its
posterior margin deeply concaved.

Maxilla (Fig. 5)

Homology of the maxillary structures has discussed in detaile previously (Yoshizawa
& Saigusa, 2003).

The maxilla of Psocoptera is highly characteristic. The lacinia is a slender pick-like
structure. The stipito-lacinial muscle (6) act as protractors of the lacinia, and is split
into three bundles, one of which inserts onto the basal margin of the galea. The apex of
the lacinial pick is usually broadened, bearing minute denticles. In Amphientomidae,
it is very broad with many minute denticles, which was thought as the plesiomorphic
condition of Psocomorpha by Mockford (1967). However, the Archipsocetae, which is
regarded to have splited off from the most basal node of the Psocomorpha (Yoshizawa,
2002; Johnson & Mockford, 2003) have a narrow lacinial tip.

The cardo and stipes are completely fused and almost indistinguishable. The stipes
usually has an ovoidal swelling where one of three stipito-lacinial muscles is inserted.
The narrow region anterodorsal to the ovoidal swelling possibly represents the cardo.
The palpifer is apparently separated from the stipes by a clear internal ridge, but is
largely membranous in some taxa such as Caeciliusidae.

The galea forms a distinct lobe, and articulates basally with the stipes. Masumoto
& Nagashima (1993) regarded the distal lobe of the maxilla as stipes rather than galea.
However, external morphology and musclature of the maxilla clearly show that the distal
lobe of the maxilla is the galea. The galea is largely membranous and a strap-like sclerite
surrounds its external and ventral surfaces.

The maxillary palpus of Psocomorpha is always four-segmented. The fourth
segment of Psocomorpha is simply cylindrical whereas it is distally broadened and the
distal surface pattened in Trogiomorpha (Fig. 1).

Labium (Figs. 617)

The submentum is weakly sclerotized, or completely membranous in Psocomorpha.
In Amphientomidae, the submentum is narrowly sclerotized. The mentum is almost
membranous, sometimes represented by narrow lateral sclerites. The prementum is well
sclerotized, with a pair of swellings latero-distally.

Three different interpretations have been proposed concerning the homology of
labial structures in psocids as summarized in Fig. 6A. Among them, the interpretation
proposed by Cope (1940) is considerably different from those of the others. Cope
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Fig. 5. Maxilla. (A) Paramphientomum sp. (Amphientomidae), lateral aspect; (B) ditto, showing
muscles attached to galea, anterior aspect; (C) Longivalvus nubilus (Psocidae), lateral aspect;
(D) Matsumuraiella radiopicta (Amphipsocidae), lateral aspect; (E) lacinial tip of Notiopsocus
aldretei (Asiopsocidae), anterior aspect.
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Fig. 6. Labium of (A) Stenopsocus sp., posterior aspect, with different interpretations of labial
structures in Psocoptera; (B) ditto, anterolateral aspect; (C) Echmepteryx madagascariensis
(Trogiomorpha: Lepidopsocidae), posterior aspect; (D) Paramphientomus sp. (Troctomorpha:
Amphientomidae), posterior aspect; (E) ditto, anterolateral aspect; (F) Longivalvus nubilus
(Psocidae), posterior aspect.
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Fig. 7. (A) hypophalynx of Longivalvus nubilus (Psoicae), anterior aspect; (B) lateral aspect.

(1940) considered the lateral lobe of the prementum of other authors as the labial palpus
(Fig. 6A), and the palpus and paraglossa of other authors as the paraglossa and glossa,
respectively (Fig. 6).

Interpretations of the labial palpus and paraglossa are identical among Prawdin
(1932), Weber (1938), and Badonnel (1934). Another ambiguity in the interpretation of
homology concerns the glossa. Weber (1938) identiyed the plate-like structure located
anterior to the paraglossa as the glossa (Fig. 6A). The ygure of the labium given by
Prawdin (1932: yg. 23) is too unclear to identify his interpretation but he appears to
consider the structure placed anterior to the paraglossa of a species of Lepinotus as the
glossa. This interpretation is identical with that of Weber (1938). In contrast, Badonnel
(1934), followed by Matsuda (1965), regarded a conical lobe extending along the glossal
groove (salivary duct) and located between the paraglossae in Stenopsocus stigmaticus
as the glossa (Fig. 6A). This interpretation is different from that of Prawdin (1932) and
Weber (1938) in regarding the conical lobe as the glossa itself, and not as a part of the
glossa.

The structure called to be the mentum by Badonnel (1934) is labeled to be
prementum by Matsuda (1965). However, Badonnel used the term mentum as being
equivallent with palpiger (=prementum: Snodgrass 1935) and thus, there is no
disagreement about the interpretation of this structure.

Results of our observation show that Copeds interpretations are not acceptable for
the following reason. The paraglossa of Cope (1940) is two-segmented in some psocids
such as in lepidopsocids (Trogiomorpha) (Fig. 8A). The paraglossa is never segmented
in any insect and thus the two-segmented structure must be the labial palpus. Homology
of this structure throughout Psocoptera is doubtless judging from external and internal
structure. Consequently, the interpretation proposed by Cope (1940) must be rejected.
Musclature of labium shown by Badonnel (1934) also contradict with the Cope's
interpretation.



Our investigation shows that the conical lobe located between the paraglossae
is not always present (Fig. 6CTF). The structure is extended along the salivary duct
(Fig. 6B), and is well developed in Psocomorpha (Fig. 8D), but never observed in
Trogiomorpha and Troctomorpha (Fig. 6CTE). We consider that the conical lobe itself
does not represent the glossa, but is a extension from the median part of the glossa. By
comparison with orthopteroid labia, we conclude that the glossa of psocids is placed
anterior to the paraglossa, and is thin and plate-like (Fig. 6B,E). Its anterior surface is
continuous proximally with a pair of concavities on the anterior surface of the labium
that yt into ovoidal sclerites of the hypopharynx. This interpretation of the glossa is
identical with that of Weber (1938) and (probably) Prawdin (1932).

Hypopharynx (Fig. 7)

The hypopharynx of Psocoptera is highly modiyed. On the posterior surface, a pair
of ovoidal sclerites are present, each of which has a longitudinal median ridge. A tubular
ylament is attached to the ventral end of this ridge, and the other end of the ylament
is attached to the bottom of the sitophore. The ridge and ylament act for a water vapor
uptaking system (Rudolph, 1982). The ovoidal sclerite have been homologized with the
lingual sclerite (Snodgrass, 1944).

The sitophore sclerite forms the poor of the cibarium. The oral and posterior arms
of the hypopharynx are present but the loral arm is completely absent. The sitophore is
deeply concave and cup-shaped.

Thorax
Neck region (Fig. 8)

The neck region of Psocomorpha is rather long, with a pair of lateral cervical
sclerites only. The lateral cervical sclerite is simple, long and narrow, with a median
longitudinal ridge from anterior to posterior end. Its anterior end articulates with
the occipital condyle and the posterior end with the anteroventral margin of the
preepisternum of the prothorax.

Prothorax (Fig. 8)

The pronotum of Psocomorpha is usually reduced both in length and height. It is
weakly bulged dorsally in almost all Psocomorpha but well bulged in Archipsocidae,
Hemipsocidae, and outgroup suborders Trogiomorpha and Troctomorpha. The pronotum
is fused laterally with the propleuron.

The propleuron is also reduced in length. The pleural suture is always present
but sometimes unclear. Its ventral end articulates with the coxal margin. Neither the
paracoxal nor anapleural sutures are distinguishable. The episternum is well retained and
the pleural arm pit is invaginated from its ventral end. The preepisternum is reduced to
a small plate, and sometimes detached from the episternum. Crampton (1926) and Cope
(1940) regarded it as a part of lateral cervical plate. However, judging from its position,
this plate should be regarded as the preepisternum. The preepisternum is usually rounded,
squared or triangular in shape but, in Caeciliusetae, Ectopsocidae, Lachesillidae, and
Peripsocidae, it is elongate. The epimeron is well developed and rather broad, but
sometimes very thinly sclerotized. The trochantin is well developed, and usually directly
articulated with the coxal margin. It is often detached from the pleural sclerite basally.

The prosternum (Fig. 13) is roughly X-shaped. Its anterior arm articulates with the
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Fig. 8. Prothorax, lateral aspect. (A) Longivalvus nubilus (Psocidae); (B) Ectopsocus sp.
(Ectopsocidae).

antero-internal margin of procoxa. Its posterior arm bears an invagination to the furca.
The furca is broadened apically. The prothoracic spina is apparently represented by a
membranous pit posterior to the furcal invagination.

Mesothorax (Figs. 9, 10)

The mesonotum is greatly bulged antero-dorsally in most psocomorphan families
except Archipsocidae and brachipterous or apterous forms. The scutum is divided into
a anterior scutal lobe and pair of lateral scutal lobes by the lateral parapsidal sutures.
The anterolateral scutal suture is observed on the anterior margin of the lateral scutal
lobe. Weakly developed yrst phragma is formed beneath the antecosta although Matsuda
(1970) mentioned it is absent in Psocoptera. On the anterior surface of the mesothorax,
a large rectangular sclerite occurs lateral to the anterior scutal lobe. The sclerite is the
prealar arm which is divided from the scutum by the prescutoscutal suture. The suture
sometimes becomes faint and indistinguishable.

Three notal wing processes, anterior, median, and posterior notal wing processes,
are distinguishable. Posterolateral scutal suture is observed along the lateral margin
of the median notal wing process. The posterior notal wing process is invaginated
antero-distally.

The prealar sclerite is a small sclerite located on the membranous region surrounded
by the basalare, prealar arm and lateral scutal lobe. The prealar sclerite with internal ridge
forms a rather large plate.

The scutoscutellar suture is faint medially. Central part of the scutellum forms a
triangular or pentagonal structure.

The mesopleuron is divided into the anterior episternum and the posterior epimeron
by the almost straight pleural suture. Its dorsal end forms the pleural wing process, and
ventral end articulates with the coxal margin. The pleural arm is not invaginated from
the pleural suture, but a triangular internal apophyses is observed near the base of the
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Fig. 9. Meso- and metathorax of Longivalvus nubilus (Psocidae), dorsal aspect.

pleural wing process. The episternum is usually clearly divided into dorsal anepisternum
and ventral preepisternum + katepisternum by the anapleural suture. The anapleural
suture of some psocids is faint or completely indistinguishable. The anapleural suture is
absent within several families and thus, absence of the anapleural suture is regarded as
homoplastic, independently derived several times. This suture, when present, is formed
by a shallow internal ridge, and its posterior end fused with the pleural suture.

The basalare is not externally membranously divided from the anepisternum,
but internally, it can be recognized by an internal apophysis. The epimeron is a large
triangular sclerite. The subalare is a rather large, oval sclerite placed just dorsal to the
epimeron.

The postnotum forms a large second phragma. Its posterior surface is swollen
medially, and fused with the apical lobe of the metascutum.

There are two large sclerites on the antero-ventral surface (ventral to the anapleural
suture) of the mesothorax, called precoxal bridge and trochantin (Fig. 11). The precoxal
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Fig. 10. Thorax. (A) Longivalvus nubilus (Psocidae), lateral aspect; (B) internal aspect; (C)
metapleuron of Hemipsocus chloroticus (Hemipsocidae), lateral aspect.
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Fig. 11. Precoxal bridge and trochantin of mesothorax. (A) Tineomorpha sp. (Troctomorpha:
Amphientomidae); (B) Hemipsocus chloroticus (Hemipsocidae); (C) Myopsocus sp.
(Myopsocidae); (D) Longivalvus nubilus (Psocidae); (E) Stenopsocus sp. (Stenopsocidae); (F)
Pararchipsocus paciycus (Archipsocidae).

bridge is probably composed of the preepisternum + katepisternum and involving the
basisternum. In Trogiomorpha and Troctomorpha, both precoxal bridge and trochantin
are narrow and the less developed dorso-ventral pight muscle (probably corresponding
to t-p 5, 6 and t-ti2) is inserted to the base of the trochantin (Fig. 12A, B). This character
state is regarded as the most plesiomorphic state of the Psocodea. Reduction of the pight
muscle is probably correlated with lower pight activities. Brodsky (1994) mentioned that
feeding specializations (feeding on vegetative tissues or mycophagy) led to the decreased
importance of pight for Paraneoptera. Within the Psocomorpha, Hemipsocidae, Psocidae,
and Myopsocidae have a plesiomorphic narrow precoxal bridge and the dorsoventral
pight muscle is attached to the trochantin. The trochantin of Hemipsocidae and Psocidae
are broadened, repecting the thickening of their pight muscle.

In contrast, the dorso-ventral pight muscles of other psocomorphan families are split
into two, one is attached to the trochantin and the other to the precoxal bridge (Fig. 12C
TE). Among those families, musculature of Archipsocidae is completely different from
the other families in that have a divided dorsoventral pight muscle. In Archipsocidae,
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Fig. 12. Dorso-ventral pight muscle of mesothorax. (A) Paramphientomum sp. (Troctomorpha:
Amphientomidae); (B) Longivalvus nubilus (Psocidae); (C) Epipsocopsis sp. (Epipsocidae);
(D) Stenopsocus sp. (Stenopsocidae); (E) Pararchpsocus paciycus (Archipsocidae).

the larger inner muscle is inserted onto the precoxal bridge and the smaller outer muscle
is inserted onto the trochantin (Fig. 12E), whereas in the other families, the smaller
inner muscle is inserted onto the trochantin and the larger outer muscle is inserted onto
the precoxal bridge (Fig. 12C, D). This indicates that splitting of the dorsoventral pight
muscles have evolved independently at least twice. The precoxal bridge of Epipsocetae is
relatively narrow but that of Homilopsocidea and Caeciliusetae are broadened repecting
the thickening of the muscle attached to the precoxal bridge. Condition of the pight
muscles in Epipsocetae are somewhat intermediate between the undivided dorso-ventral
pight muscle (such as Psocetae) and musculature observed in Homilopsocidea and
Caeciliusetae.

In some species of Homilopsocidea and Caeciliusetae, a clear suture-like structure
is observed at the base of the precoxal bridge. This structure does not correspond to any
primary sutures and is regarded as secondarily derived to reinforce the precoxal bridge.

Matsuda (1970) discussed the morphology of the precoxal bridge and trochantin
of Psocoptera. He considered that, the broad trochantin in Psocidae is composed
of preepisternum + katepisternum + trochantin and the narrow precoxal bridge as
corresponding to the basisternum. Alternatively, in Stenopsocidae, the broad precoxal
bridge was regarded to be composed of preepisternum + katepisternum + basisternum. |
consider that the membranous cleft observed between the precoxal bridge and trochantin
is homologous throughout Psocoptera and there is no difference between a broad and
narrow precoxal bridge except in their size. Thus, differences in musculatures should
be regarded as due to a shift from the trochantin to the precoxal bridge that enables
increased pight activity.

The mesosternum is narrow (Fig. 13), hollowed along a median line, and laterally
with a pair of projections near the furcal pit that articulate with the internal margin of
the mesocoxa. The furca is usually composed of a narrow basal straight bar and a broad
apical plate. The mesothoracic spina is absent.
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Fig. 13. Thorax of Longivalvus nubilus (Psocidae), ventrolateral aspect.

Metathorax (Figs. 9, 10)

The scutum is divided into three lobes as in the mesothorax, but the lateral
parapsidal suture is rather indistinct. The anterior lobe is fused with the mesothoracic
postnotum without infolding between them, and forms a large internal ridge. The anterior
part of the lateral scutal lobe is strongly bent ventrally, and a deep concavity is formed
between the mesothoracic postnotum and the lateral scutal lobe of the metanotum. The
prealar arm is absent or indistinguishable. The scutoscutellar suture is complete. Central
part of the scutellum forms a triangular or pentagonal structure. The postnotum forms the
third phragma, and is almost pat or slightly swollen posteriorly.

Three notal wing processes, anterior, median, and posterior notal wing process are
distinguishable. The posterolateral scutal suture is observed along the lateral margin of
the median notal wing process. The posterior notal wing process is weakly sclerotized,
without any invagination as in the mesothorax.

The metapleuron is divided into the anterior episternum and the posterior epimeron
by the pleural suture. The pleural arm is not invaginated from the pleural suture. The
anepisternum and the preepisternum + katepisternum are usually broadly separated by
a membranous region and anapleural suture is indistinct. The anepisternum possesses a
triangular internal plate antero-ventrally. The prealare sclerite is present ventral to the
anterior margin of the lateral scutal lobe. The basalare is externally undivided from the
anepisternum. Internally, the basalare can be recognized by the internal apophysis. The
preepisternum, katepisternum, and trochantin are completely fused with each other. The
sclerite composed of the pre- and katepisternum plus trochantin is tapered ventrally, its
anterior margin strongly sclerotized, and its ventral tip articulates with the antero-internal
margin of the metacoxa. The epimeron is very narrow in ventral half, and continuing to
the metasternum ventrally.

The metasternum (Fig. 13) consists of a Y-shaped or roughly triangular sclerite. It is
deeply hollowed medially and the broad furcal plate is invaginated at the bottom of this
hollow. The metasternal sclerite is continuous from the mesosternum. The mesothoracic
spina is absent and thus, the segmental border between mesosternum and metasternum is
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Fig. 14. Wing base of Longivalvus nubilus (Psocidae). (A) forewing; (B) hindwing.
For explanation of abbreviations, refer to text.

unclear.

Wing base structures
Forewing base (Fig. 14A)

The forewing articulation in the Psocomorpha consists of the fundamental elements
of the neopteran wing base.

The tegula [Tq] is present although Cope (1940) and Matsuda (1970) mentioned that
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Fig. 15. First axillary sclerite, dorsal aspect. (A) Paramphientomum sp. (Troctomorpha:
Amphientomidae); (B) Pararchpsocus paciycus (Archipsocidae); (C) Hemipsocus
sp. (Hemipsocidae); (D) Longivalvus nubilus (Psocidae); (E) Trichopsocus dalii
(Trichopsocidae); (F) Pseudocaecilius kagoshimensis (Pseudocaeciliidae); (G) ldatenopsocus
orientalis (Mesopsocidae); (H) Triplocania spinosa (Ptiloneuridae); (1) Stenopsocus sp.
(Stenopsocidae).

it was absent in the Psocoptera. In Psocomorpha, Tg is usually a thin sclerotized structure
bearing some minute setae, but well developed and strongly sclerotized in Trogiomorpha
and Troctomorpha.

The humeral plate [Hp] is a large plate located on the anterior margin just distal to
Tg. Distal margin of Hp is slightly trenched.

The basisubcostale [BSc] is anteriorly fused with Hp and posteriorly with
basiradiale. A longitudinal median ridge is always observed on BSc. The apex of BSc
articulates with the anterior tip of the yrst axillary sclerite.

The basiradiale [BR] is a broad, well-sclerotized, strongly bulged sclerite placed
just posterior to BSc. It is fused with the second axillary sclerite posteriorly. The
anterior axillary fold-line (sensu Wootton, 1979) runs between them and the fused
region becomes bending cuticle. Anterior margin of BR projects anteriorly and then bent
posteriorly at its distal end. The basal region of R bears numerous campaniform sensilla.

The yrst axillary sclerite [LAx] (Fig. 15) of Psocomorpha is roughly triangular
in shape. It articulates proximally with the anterior and median notal wing processes
respectively, and distally with the second axillary sclerite by two articulations. The
neck of the anterior arm is reduced (Fig. 15). Its anterior tip usually has a small process
anteroproximally (Fig. 15B, D, GTl) but sometimes indistinguishable in such families as
Hemipsocidae, Pseudocaeciliidae, Calopsocidae, and Trichopsocidae (Fig. 15C, E, F). In
these families, the anterior part of 1Ax is broadened and this character states is regarded
as the more derived condition than the condition observed in other psocomorphan
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le wings are closed.
(A) Paramphientomum sp. (Troctomorpha: Amphientomidae); (B) Hemipsocus chloroticus
(Hemipsocidae); (C) Longivalvus nubilus (Psocidae).

families. The postero-proximal margin of 1Ax is usually strongly protruded proximally
articulating with the median notal wing process. Shape and size of this region are
variable among families. The distal margin of 1Ax is almost straight or slightly arched.
The posterior margin of 1Ax is usually hollowed to variable depths.

Anterior half of the second axillary sclerite [2AX] is swollen and the invagination
toward the ventral 2Ax occurs at the middle of this swelling. The 2Ax is fused with BR
antero-proximally and the fused region forms an area of bending cuticle. The swollen
region of 2Ax usually bear some setae. Posterior to this swelling, a triangular sclerite is
observed and represents the posterior part of 2Ax. The 2Ax is articulated with 1Ax by
the proximal margin of this triangular sclerite, and its distal margin is usually fused with
the proximal median plate. A narrow process extends from the postero-distal margin of
the triangular sclerite, and articulates with the anterior part of the third axillary sclerite.

The third axillary sclerite [3AX] has three arms. The distal arm is very short, usually
fused with the basanale, with the fused region forming an area of bending cuticle. The
anterior arm is long, narrowed apically, and usually strongly arched. This arm yrmly
articulates with the posterior process of 2Ax. Near the middle of the anterior arm, a large
triangular dorsal process is observed. The process usually articulates with a tiny sclerite
appearing near the proximal margin of the anterior arm of 3Ax. The proximal arm is well
developed, almost straight and usually broadened proximally. The 3Ax is articulated with
the posterior notal wing process by the proximal arm.

The proximal median plate [PMP] is deeply concaved. Its antero-proximal margin is
usually completely fused with 2Ax, and becomes immobilized except in Archipsocidae
and Hemipsocidae within the Psocomorpha. In Trogiomorpha and Troctomorpha, PMP
is not fused with 2Ax and articulates with each other along a convex hinge. The outer
margin of PMP is strongly sclerotized, much stronger than other regions of PMP. PMP is
fused with the basanale posteriorly.

The distal median plate [DMP] is broad and thin, located just distal to PMP, and
articulated with it along a convex hinge (Convex Axillary Fold-line sensu Wootton,
1979). DMP is sometimes divided into two sclerites [proximal DMPT1 and distal DMP712].

The basanale [BA] is located between the distal arm of 3Ax and the base of the
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anal vein. It is sometimes regarded as part of 3Ax (eg. Brodsky, 1994), but the sclerite is
apparently articulated with 3Ax and should be regarded as an independent sclerite. The
terminology of this sclerite follows to Matsuda (1970: ygs. 55A & 82D).

The jugum [J] is represented by a weakly sclerotized triangular region.

Hindwing base (Fig. 14B)

The hindwing base structures are similar to those of the forewing base. Tg is absent.
Hp is fused with BSc posteriorly, with its proximal region largely membranous.

The 1Ax is triangular, with shape of its apical region usually showing similar trends
with that of the forewing.

Anterior half of 2Ax is swollen, and invagination toward ventral 2Ax occurs at
the posterior margin of the swelling. This swollen region is widely membranous. The
posterior region of 2Ax is similar to that in the forewing.

The 3AXx has three arms. The distal arm is fused with BA, and the fused region
becomes bending cuticle. The anterior arm is reduced, shortened, and lacks yrm
articulation with the posterior process of 2Ax. The proximal arm is strongly sclerotized,
a deep concavity is observed at the base of the proximal arm.

PMP is deeply concaved. Its anteroproximal margin is usually fused with 2Ax and
immobilized. Distal margin of PMP is well sclerotized. PMP is fused with basanale
posteriorly.

DMP is absent with this region broadly membranous.

Wings
Forewing (Figs. 18, 19)

The forewing of Psocomorpha is characterized by the thickened pterostigma,
presence of the nodus, and structure of the nodulus. The nodulus, a wing coupling
structure, in Psocomorpha is a hook composed of truncated spines fused basally.
Whereas, in Trogiomorpha, the nodulus are truncated spines set close together or a set of
pointed, separated spines in Troctomorpha. The nodus, a ventral swelling at the proximal
end of pterostigma, yts with the anterior margin of the hindwing when the wings are
closed, is present in Psocomorpha whereas it is indistinctive in Trogiomorpha and
Troctomorpha.

The anterior margin of the forewing is almost straight or slightly arched. Its
posterior margin is almost straight in basal half and usually strongly arched distal
to the nodulus. In most Psocomorpha, the forewing is widest around the distal 1/3.
Alternatively, in most Trogiomorpha and Troctomorpha, the anterior and posterior
margins are almost parallel, and gradually tapered apically, such that the widest point in
the forewing is not distinctive. The postero-proximal margin of the forewing is usually
rounded, but strongly angled in Archipsocidae and Hemipsocidae (Fig. 18B, C). The
latter character state is widely observed in Trogiomorpha and Troctomorpha (Fig. 18A).

The subcosta is reduced to a yne vein, often only basally distinctive and faded
within the costal cell or connected with R, vein. Distally, Sc arises from R, and borders
the proximal end of the pterostigma. R is branched into R, and Rs around the middle
of the wing length. R, borders the posterior and distal margin of the pterostigma, and is
often strongly sinuated. Rs usually branches into R,,; and R,.s. M arises from the base
of R, and is strongly arched basally. M vein approaches to Rs around the center of the
forewing, and is either connected by a cross vein, meet at a point, or fused for various
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