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Phylogeny and classification of the Psocodea,
with particular reference to the lice (Psocodea: Phthiraptera)

C.H. C.LYAL Department of Entomology. British Museum (Natural History).

London

ABSTRACT. Apomorphies that have been proposed for the Psocodea.
Psocoptera. Phthiraptera and superfamilial groups within the Phthirap-
tera are enumerated and evaluated. The Psocodea and Phthiraptera are
considered to be holophyletic. but the sister-group of the Phthiraptera
lies within the Psocoptera. Within the Phthiraptera the Aroplura and
Rhyncophthirina form a holophvletic group whose sister-group is the
Ischnocera. and the Ambiycera is the sister-group of this assemblage.
The common ancestor of the Phthiraptera is suggested to have been
parasitic. and all lice are believed to have evolved under environmental
constraints similar to those operating today. On the evidence provided by
host relationships the origin of the lice is dated as the Cretaceous. but
the host of the ancestor of the order is not identified. The lice of
marsupials in South America and Australia are not considered to

comprise a holophyletic group.

introduction

The superorder Psocodea comprises  two
orders: the Psocoptera (booklice. barklice) and
the Phthiraptera (lice). This paper is con-
cerned mainly with the latter order. aithough
the holophvly of both the Psocodea and the
Psocoptera is discussed. The cladistic rela-
tionships of the Psocodea to other insects. and
the group names used in this study. are given
in Fig. 1.

Psocoptera and Phthiraptera are in many
respects morphologically similar. and the dif-
ferences between them can probably be attri-
buted to adaprations to their verv different
environments. The Psocoptera are free-living
insects feeding on fungi or fragments of animal
or vegetable matter. Some are associated with
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mammals or birds through dwelling in their
nests. but none are parasitic. Phthiraptera
have no free-living stage and are all obligate
ectoparasites of mammals znd birds. They feed
on skin. feathers. sebaceous exudates or
blood.

The Phthiraptera are generally recognized as
comprising four major groups: Anoplura,
Rhyncophthirina. Ischnocera and Amblvcera.
The Anoplura are colloguially known as suck-
ing lice. the others (sometimes grouped as the
Mallophaga) as chewing lice. The phviogenetic
relationships of these four groups and the wav
in which they should be classified are matters
of some contention (Kénigsmann. 1960: Kim
& Ludwig, 1978. 1982: Boudreaux. 1979:
Haub. 1980). All these authors use cladistic
methodology in their analyvses, but thev dis-
agree on the results: for example. only Kim &
Ludwig (1982) believe the Mallophaga to be
holophyletic. the others identifving it as a
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paraphyletic group. Kim & Ludwig (1978.
1982) use the Mallophaga as an ordinal name
in the traditional manner to include all three
groups of chewing lice, Boudreaux (1979)
retains Mallophaga as an ordinal name but
restricts it to the Amblycera. and Kénigsmann
(1960) and Haub (1980) reject the use of
Mallophaga and include all groups in the order
Phthiraptera. Two areas of contention may
therefore be identified: (1) the evaluation and
polarity determination of character states, with
consequent identification of holophyletic
groups. and (2) the relationship between the
results of a systematic analysis and the struc-
ture of the classification applied to the groups
analysed. Details of the disagreements on
particular points will be indicated below where
appropriate.

The time of origin of the Phthiraptera is
uncertain, and dates ranging from the late

Cretaceous (c. 64 m.v.b.p.) to the late Carbo-
niferous (¢. 280 m.y.b.p.) have been proposed.
Most discussions of this problem have included
the assumptions that (1) obligate parasitism
and host specificity arose only after the evolu-
tion of the modern groups of lice (and hosts).
and (2) that there was a more or less lengthy
period of evolution of the order before the
advent of birds and mammals. Both of these
assumptions are open to challenge.

The objectives of this paper may be summa-
rized as follows: (1) 1o re-evaluate the apomor-
phies proposed by previous authors for
holophyiletic groups within the Psocodea and
o propose additional apomorphies; (2) to
perform a cladistic analysis on the major
groups of parasitic Psocodea (lice): (3) to
provide a classification for the parasitic Pso-
codea: (4) to discuss the origin of the lice in
the light of the cladistic analysis.
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FIG. 1.
Phthiraptera.
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This study formed part of a research project
submitted to the University of London for the
degree of Doctor of Philosophy.

Methods

The term “holophyletic is used below to refer
to groups of taxa comprising a single ancestral
species (known or inferred) and all of its
descendants. The more familiar term
‘monophyletic’ is avoided because ambiguities
in its use by some of the authors cited above
have caused misunderstandings in the resolution
of systematic problems in the Psocodea.

A cladistic analysis is only possible if the
groups discussed are holophyletic: inclusion of
paraphyletic or polyphyletic assemblages must
invalidate hypotheses of cladistic relationships.
The first step in any analysis must therefore be
to determine. by the distribution of apomor-
phies. that all the groups included in the
analysis are holophvletic. In this study hypoth-
eses of holophyly are tested by (1) evaluation
of ‘supporting’ apomorphies, both ‘new’ and
proposed in the literature. and (2) search for
and evaluation of ‘falsifying’ apomorphies.
Evaluation is by consideration of four assump-
tions implicit in any hypothesis of apomorphy:
(1) that the initial observations are correct: (2)
that the polarity assignment is correct: (3) that
the apomorphic state is homologous and not
homoplastic in the taxa concerned: (4) that
apomorphies considered separate should not
more properly be considered ‘“linked' as
aspects of a single complex character. If apo-
morphies listed below are considered “justified’
by the correctness of these four assumptions.
no comment is made on them.

In this study there are seven taxa to be
considered: the Anoplura, the Rhyncophthir-
ina. the Ischnocera. the Ambliycera. the
Phthiraptera (comprising the previous four
groups), the Psocoptera. and the Psocodea
(comprising the Phthiraptera and the Psocop-
tera). Further groups within the Phthiraptera.
comprising various combinations of the four
constituent taxa. are also discussed. The poiar-
ity and relative apomorphy of character states
are assessed by reference to an outgroup. the
Condylognatha (comprising the orders Hemip-
tera and Thysanoptera). This group is identi-
fied as the sister-group of the Psocodea by a
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number of authors (e.g. Hennig, 1981: Kris-
tensen. 1973, 1981: Boudreaux. 1979). A
cladogram of the section of the Insecta includ-
ing the Psocoptera. the Neoptera, is given in
Fig. 1.

Apomorphies proposed for the Psocodea

(1) Development of structural mechanism for
rupturing the antennae (Seeger, 1975; Seeger in
Hennig. 1981).

(2) Reduction of ovipositor (Boudreaux,
1979).

(3) Loss of cardo (Matsuda. 1965: Kim &
Ludwig, 1978). Kim & Ludwig (1978) consider
that the cardo is fused to the stipes rather than
lost. but this does not affect the validity of the
apomorphy.

(4) Loss of loral arm (Matsuda, 1963).

(5) Development of aimospheric water-
vapour uptake system. The structural compo-
nents of the water-vapour uptake svstem (the
ovoid lingual sclerites connected by a Y-
shaped filamentous duct to the cibarial scler-
ite) are identified as such by Rudolph (1982a.
b. 1983). The mechanism is found only in
Psocodea. and is accepted here as apomorphic
for the group. although it is not present in the
highly-modified Rhyncophthirina and Ano-
plura (the lingual sclerites were seen in the
anopluran embryo by Seeger, 1979). Water
vapour is condensed on the lingual sclerites
and pumped through the duct by the action of
the cibarial pump (the cup-shaped cibarial
sclerite acting in conjunction with an epiphary-
ngeal process). The two components of the
cibarial pump are identified as apomorphic
developments of the Psocodea by Kdnigsmann
(1960) and Kristensen (1975) respectively. A
cibarial pump of very similar structure 1Is
present in the Thysanoptera (Matsuda, 1965;
Heming, 1978). and thus the cibarial pump
may be a plesiomorphic development within
the Acercaria and lost in the Hemiptera.

A further component of the cibarial pump is
probablv to be found in the enlarged clypeus
of the Psocoptera. which houses the cibarial
dilator muscles. Smithers (1972) identifies this
as an apomorphic development of the order
and indicative of its holophvly. Some enlarge-
ment of the clypeus to house the cibanal
dilator muscles is present in the Thysanoptera.
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but the separate modifications of the head in
both this order and the Phthiraptera mayv
obscure any such enlargement. The form of
the psocopteran clypeus cannot be used with
confidence as an apomorphy of this group.

(6) Lacinia protrusable and retractable. serv-
ing as ‘pick’ (Boudreaux. 1979). Boudreaux
(1979) includes in his formulation of this
apomorphy the detachment of the lacinia from
the rest of the maxilla, despite having already
cited this development as apomorphic for the
Acercaria. Heming (1978) notes that the laci-
nia of Thysanoptera is also protrusable and
retractable. whilst Hennig (1981) suggests that
some degree of lacinial transformation is char-
acteristic of all Acercaria. Smithers (1972)
holds a conflicting view, maintaining that this
character state is an autapomorphy of the
Psocoptera and is ‘convergent in some Mal-
lophaga’. The view of Hennig (1981) is held
here, and the character state taken as a possi-
ble apomorphy of the Acercaria.

(7) Ovarioles  polytrophic  (Kénigsmann,
1960: Kristensen. 1975. 1981: Seeger in Hen-
nig. 1981). Heming (1977) suggests that, as
polytrophic or acrotrophic ovarioles (the latter
being derived from the former) are found in
the Psocodea. Hemiptera and throughout the
Holometabola. the plesiomorphic panoistic
ovariole was lost in the stem-group of the
Acercaria plus Holometabola (he excludes
Zoraptera from the Phalloneoptera) and
secondarily regained only in the Thysanop-
tera. If the Zoraptera are placed as sister-
group to the Acercaria (as suggested by Hen-
nig, 1981. and Kristensen. 1975, 1981), rever-
sal must be postulated to have occurred twice
(once in the Zoraptera. once in the Thysanop-
tera). This is a more parsimonious proposal
than postulating convergent gain of the poly-
trophic condition in the Psocodea. Hemiptera
and Holometabola.

(8) Failure of mesomeres to fuse and form
aedeagus (Boudreaux. 1979). Snodgrass (1935)
defines the aedeagus as a tube comprising the
fused mesomeres. through which the endo-
phallus is everted. This structure is found
only in the Phalloneoptera and may be an
autapomorphy of this group, lost in the Dip-
tera (Matsuda. 1976) and the Psocodea. If this
is the case the Psocodea are characterized by a
further apomorphy. the development of the
permanently-everted endophallus (Lval,

1985a). Two alternative hypotheses are avail-
able: (1) that the aedeagus is apomorphic for
the Condviognatha plus the Holometabota and
the Psocodea is the sister-group of this assemb-
lage. and (2) that the aedeagus is a convergent
development in the Condylognatha and the
Holometabola. There is insufficient evidence
at present to allow a decision to be to be made
between the three hypotheses and. as the
investigation of the problem is bevond the
scope of the present paper, no apomorphy is
proposed here.

It is pertinent to note that Smithers (1972)
considers the male genitalia of Psocoptera and
Phthiraptera torally different and supporting in
their form the holophyly of the former group
with respect to the latter. In this study. howev-
er. the male genitalia of the two groups are
considered to be so similar that a specimen
could not be placed with confidence in one
group rather than the other by study of this
structure alone and without knowledge of the
species or genus concerned.

(9) Parameres and mesomeres both clasping
(Boudreaux. 1979). This supposed apomorphy
is not supported by observations of mating
mechanics in lice. and is rejected.

Apomorphies 1-3 above suggest by their
distribution the holophyly of the Psocodea,
and no apomorphies are available which indi-
cate the holophyly of any group within the
Psocodea and some group presently excluded.
The holophyly of the Psocodea is therefore
accepted.

Apomorphies proposed for the
Phthiraptera

(10) Haploid reduction in primary spermato-
gonia (White. 1957).

(11) Development of hydropyle in egg. The
presence of a basal hvdropyle of the egg has
not previousiy been used as an apomorphyv of
the Phthiraptera. The hydropyle is not found
elsewhere in the Acercaria.

(12) Development of operculum in egg
(Kénigsmann. 1960: Haub, 1980).

(13) Egg-cement vaginal, not anal (Kénigs-
mann. 1960: Haub. 1980). The proposal of this
character-state as apomorphic follows the
observation that in Phthiraptera the cement is
produced in accessory glands apparently ab-



sent from the Psocoptera (Florence. 1921:
Weber. 1936: Mukerji & Sen-Sarma. 1935).
There have been no observations of the actual
source of the cement in Psocoptera or those
lice which also lack the glands. however. and
without these the proposal must be regarded as
unfounded.

(14) Dorsoventral ~compression  of head
(Boudreaux. 1979). This apomorphy is vari-
ably expressed in lice. being most marked in
the Amblvcera and Ischnocera.

(15) Development of prognathy (Boudreaux.
1979). Among the lice only Anoplura and
Rhyncophthirina are truly prognathous. In
Amblycera the mouth. whilst anterior. is dis-
placed onto the ventral surface of the head by
the extension of the clypeus, a state similar to
that in Ischnocera where the mouth is dis-
placed even further posteriad by the pulvinus.
Prognathy may be apomorphic only for the
Anoplura and Rhyncophthirina or (perhaps
less likely) for the whole order but more or
less lost in the Amblycera and Ischnocera.

(16) Movement of suproesophageal ganglion
posieriad  (Konigsmann, 1960; Boudreaux,
1979). This feature is probably linked to the
alteration of head shape (character 14).

(17) Loss of dorsal tentorial arms (Sym-
mons. 1952: Boudreaux. 1979). This apomor-
phy is probably linked to the alteration of head
shape (character 14). See comment following
character 70.

(18) Virtual loss of discrete abdominal gang-
lia (Konigsmann, 1960). This incorporation of
the abdominal and third thoracic ganglia into a
composite ventral ganglion is an extreme of a
transformation series. amalgamation of the
abdominal ganglia being an apomorphy of the
Acercaria.

(19) Reducrion of lacinial stvlets (Konigs-
mann. 1960: Boudreaux, 1979). The stylets are
lost in the Rhyncophthirina and Anoplura. See
comment following character 22.

(20) Development of lacinial gland (Sym-
mons. 1952: Boudreaux, 1979). The gland is
not present in the highly-modified Rhyncoph-
thirina and Anoplura, but whether or not this
is a secondary absence cannot be directly
determined. See comment following character
73.

(21) Great reduciion in maxillae (Matsuda.
1965: Boudreaux. 1979). See comment follow-
ing character 22.
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(22) Reduciion of labial palpi (Symmops.
1952 Boudreaux. 1979). In the Rhyncophthir-
ina and Anoplura the labial palpt are lost.
Apomorphies 19. 21 and 22 may all be aspects
of a single apomorphy. the reduction of the
mouthparts.

(23) Reduction of antennal flagellum 1o three
flagellomeres (plus  pedicel) (Koénigsmann.
1960: Boudreaux. 1979).

(24) Loss of wings (Boudreaux. 1979). See
comment following character 26.

(25) Loss of ocelli (Konigsmann. 1960
Boudreaux. 1979). Throughout the Acercaria
the presence of wings and ocelli are linked.
and therefore this character cannot be consi-
dered as independent from character 24. See
comment following character 26.

(26) Reduction of compound eve 1o wo
ommatidia (Boudreaux, 1979). Further reduc-
tion. to one ommatidium or complete absence.
takes place within the group- (see character

85).
The three characters above may be the
result of heterochronous  development.

perhaps associated with the reduction in num-
ber of nvmphal stadia (see character 27) (Mat-
suda. 1976). Although these characters are
presented as autapomorphies of the Phthirap-
tera, they are all found in at least some
members of the Liposcelidae (Psocoptera).

(27) Reduciion to three nvmphal  stadia
(Kénigsmann, 1960: Boudreaux. 1979: Haub,
1980).

(28) Loss of abdominal spiracles [ and 1l
(K6nigsmann, 1960: Boudreaus. 1979). Similar
loss is found in some members of the Liposce-
lidae (Psocoptera); see discussion below on
phthirapteran—liposcelid relationships.

(29) Loss of metathoracic spiracle (Konigs-
mann. 1960: Boudreaux, 1979).

(30) Loss of trochantin (Boudreaux. 1979).

(31) Reduction of ovipositor. Boudreaux
(1979) suggests that the ovipositor is complete-
ly lost in the Phthiraptera. but gonapophysis
VIII has been retained in the Trichodectidae,
Rhyncophthirina. Anoplura and  some
Amblycera and Ischnocera. See discussion fol-
lowing character 89.

(32) Reduction of testicular follicle number
to three (Boudreaux. 1979). Further reduction
to two follicles occurs in the Phthiraptera, the
polarity of the transformation  series being
supported by histological evidence (Schmutz.
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1955) (see character 86). The status of the
reduction to three 45 an apomorphy of the
Phthiraprera is doubtful. however. Reduction
has certamnly occurred jp the Psocodea, 5
more follicles are pPresent in other Acercaria
and some Polyneoptera (Matsuda, 1976).
However, within the Psocoptera the number s

morphy for the Phthiraptera.

(33) Adoprion of ectoparasitic hapi; on verte-
brate hosts (Boudreaux, 1979). Kim & Ludwig
(1978. 1982) argue that the ectoparasitic habit
was attained separately in the Anoplura and
the "Mallophaga’, although they present no
evidence supporting this view. A some of the
apomorphies listed above are probably adapta-
tions to €ctoparasitism, treating the habit as ap
dpomorphy in the same analysis would add
undue weight,

Although a number of the supposed apo-
morphies listed above are rejected, the dis-
tribution  of those accepted  supports the
holophyly of the Phthiraptera. A supposed
4pomorphy not mentioned above. the “closure
of the posterior border of the sitophore scler-
ite’ (Haub, 1973) links all Psocodea except the
Rhyncophthirina (in which the sclerite is ab-

those apomorphies apparently shared with the
Psocoptera: Liposcelidae will pe discussed be-

Apomorphies Proposed for the Psocoptera

(34) Reduction in thickness of chorion (See-
ger. 1979: Seeger in Hennig, 1981). The very
thin chorion s offset bv a thick serosal cuticle
(suborder Trogiomorpha) or added suprachor-
1onic layers such as coverings of silk, encrusta-

(Seeger. 1979).
(35) Loss of micropyles (Seeger, 1979: See-
ger in Hennig, 1981). Kénigsmann (1960) and

Haub (19s80) contend that the absence of
micropyvies g plesiomorphic within the Acer.
Caria and their presence in the Phthiraptera is
apomorphic. As micropyvies are also present in
the Condyiognathga this is unlikely, and their
absence I1n the Psocoptera must be considered
apomorphic. Absence of micropyles may be
connected with the thinness of the chorion
(character 34y,

(36) Loss of aeropyles (Seeger. 1979. Seeger
in Hennig, 1981). The absence of aeropyles
may be associated witp the thinness of the
chorion. and perhaps should not be considered
as distinct from this apomorphy,

(37) Loss of chorionic Sculpturing. Smithers
(1972) Proposes this as ap apomorphy of the
psocopteran suborders Troctomorpha and Pso-
comorpha. as Sculpturing is present on the eggs
of the third suborder, Trogiomorpha. Seeger
(1979) points out that the sculpturing of tro-
giomorph €2gs is derived from serosal cuticle,
not the chorion. Loss of chorionic sculpturing
is therefore g SYnapomorphy of all three sub-
orders. The loss may be a consequence of the
thinness of the chorion. and perhaps should
not be considered Separately.

(38) Adopiion of unusual (dorsal) position
in egg by embrvo, with no rotation of egg gng
embryo (Seeger, 1979. Seeger in Hennig,
1981).

(39) Adoprion of unusual manner of folding
of embrvonic appenduges (Seeger, 1979: See.
ger in Hennig, 1981).

(40) Insertion of dorsal longitudinal muscles
on stronglv-arched mesoscutum (Boudreauy.
1979).

(41) Suppression or reduction of prophrag-
ma and mesophragma (Boudreaux. 1979). The
phragmata are reduced in the Phthiraptera, 5o
reduction in the Psocoptera does not provide
an apomorphy precluding paraphyly of thjs
group with respect to the lice. The reduction of

insertion of the longitudinal mesothoracic muys-
cles to the mesoscutum (character 40). and
should not be considered as distinct from this.
The mesophragma. contrary 1o Boudreaux
assertion. is present and not reduced ip the
Psocoptera (Badonne]. 1934).

(42) Reduction of prothorax (Smithers,
1972 Boudreaux. 1979: 226). Boudreaux
(1979: 280)  iists ‘Metathorax  smaj
presumably an error for prothorax. The char-



acter was himited by Smithers (1972) to winged
forms only and does not apply to apterous
members of the group. in which the apomor-
phy is presumed to be reversed. The apomor-
phy does not provide evidence precluding
paraphvly of the Psocoptera with respect to the
apterous Phthiraptera.

(43) Spermatozoa  biflagellate  and — uni-
flagellate -in each sperm bundle (Boudreaux.
1979). The extent of this character state and
the state in the Phthiraptera is not known, as
published information is very limited.

(34) Media of forewing three-branched
(Boudreaux. 1979). This feature is not found
in some Permopsocida (Hennig. 1981), an
absence probably due to the nature of the
group which, according to Hennig (1981).
comprises members of the stem-groups of the
Acercaria. Psocoptera, and possibly other
acercarian orders. See comment following
character 47.

(43) Cu and Mp united ar base (Boudreaux.
1979). See comment following character 47.

(46) Rs forked (Boudreaux, 1979). Hennig
(1981) refers to this as a plesiomorphic charac-
ter state for the Psocodea. See comment
following character 47.

(47) Wings coupled at rest by blunt projec-
tion of stigma of forewing (Boudreaux. 1979:
Seeger, 1979). This character state is rather
more variable than implied by Boudreaux
{1979) but is unlikely to have arisen more than
once.

Although the four character states 4547 are
suggested as apomorphies for the Psocoptera it
is clear. despite the assertions of Smithers
(1972) and Boudreaux (1979). that they do not
provide evidence preciuding paraphyly of the
group with respect to the secondarily apterous
Phthiraptera.

(48) Antennal flagellum slender and setiform
(Boudreaux. 1979). The form of the psocopter-
an antenna does not preclude reduction 1o the
phthirapteran condition and does not therefore
provide evidence against paraphyly of the
Psocoptera.

(49) Form of the female genitalia (Smithers.
1972). Smithers (1972) is not precise about the
nature of this supposed apomorphy. but there
seems no reason to suppose that the very
reduced form of the female external genitalia
of the Phthiraptera (Lyal. 1983a) could not
have been derived from the psocopteran type.
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A hvpothesis of holophyly of the Psocoptera
is supported by the distribution of five apo-
morphies (34-39). but retuted by the distribu-
tion of five others (24-26. 28 and 32) that
indicate the holophyly of a group comprising
the Phthiraptera and the Psocoptera: Liposce-
lidae. Smithers (1972) suggests that the Lipo-
scelidae are “highly derived’. but most of the
derived features cited are those in which the
Liposcelidae approach the Phthiraptera. Apo-
morphies proposed by Smithers (1972) for the
establishment of the phylogenetic position of
the Liposcelidae. with the exception of those
pertaining to the wings. are listed and discus-
sed below. The distribution of these character
states. together with others listed above and
below and pertinent to the holophvly of the
Psocoptera. is presented in Table 1.

TABLE 1. Distribution of apomorphies within the
Psocodea. "Gain® states are indicated by g, “loss’
states by 'I'. and states not present in all members of
a taxon by *(g)” and *(1)" respectively. For explana-
tion of characters see text.
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(30) Developmen: of T-shaped sclerite n
female subgeniral plate. This sclerite is absent
In some members of the Liposcelidae
(Smithers, 1972). and probably from all Phthir-
aptera. although the subgenital plate in the
latter group frequently bears a sclerite of some
form.

(51) Development of secondary annulations
on antennal flagellomeres distal 10 flagellomere
IV. The absence of flagellomeres distal to
flageliomere III in the Phthiraptera renders
this character state irrelevant to any discussion
of paraphyly or holophyly of the Psocoptera.
The flagellomeres of some Amblycera (Phthir-
aptera) do possess secondary annulations.

(52) Loss of pilosity on external lobe of
gonapophvses. The absence of gonapophyses
in most Phthiraptera, and the considerable
degree of modification of these structures
when theyv are present. renders this character
state irrelevant to any discussion of paraphyly
or holophyly of the Psocoptera.

(33) Anterior closure of male basal
apodeme. The ontogeny of this structure is
such that the anterior end is always closed",
whilst the degree of sclerotization and of
anterior divergence of the lateral margins s
very variable in the Phthiraptera.

(54) Absence of paraproct spine. This char-
acter state is also found in the Phthiraptera,
but may be plesiomorphic for that group.

(53) Absence or reduction of Pearman's
organ. Pearman’s organ is absent in the Phthir-
aptera. but absence may be plesiomorphic for
the group.

(36) Absence of trichobothrial field.

(57) Shortening of legs.

The sister-group of the Phthiraptera

From Table 1 it can be seen that the holophyly
of the Psocoptera is supported by the distribu-
tion of six apomorphies. of which 3. 35, 36
and 37 are aspects of a single apomorphy and
38 and 39 are probably linked in a similar way.
The holophyly of the Liposcelidae plus Phthir-
aptera (and thus the paraphyly of the Psocop-
tera) is supported by the distribution of rwelve
apomorphies, of which 24 and 25 are linked
and 50 and 84 are of very dubious validity. If
the Psocoptera are holophyletic there has been
convergence of seven or nine ‘loss’ character

states and two (dubious) ‘gain’  character
States: if they are paraphyletic there has been
secondary loss of four ‘gain’ character states
(one of which is anyway lost in some Liposceli-
dae) and. linked with one of these. reversal of
three loss states. The majority of apomorphies
therefore supports holophyly of the Liposceli-
dae plus Phthiraptera, bur a these apomor-
phies are loss character states which can be
given low (or no) phylogenetic ‘weight'.
Waage (1979) suggests that the Phthiraptera
arose from a nidicolous ancestor much like
some modern Liposcelidae in habit. and the
holophyly of the Psocodea implies that this
ancestor was itself derived from a winged
insect similar to the Psocoptera (with the
possible exceptions of apomorphies 34-39).
The selective pressures acting on this ancestor
would. by reason of its habitat. have been very
similar to those acting on modern (and ances.
tral) Liposcelidae. and may be presumed to
have favoured the same set of adaptations.
These adaptations include not only the ‘joss’
character states mentioned above. bur also
behavioural and physiological adaptations that
must be accounted ‘gains’. If allowance is
made for these ‘gain’ synapomorphies of the
ancestors of the Liposcelidae and the Phthirap-
tera. the hypothesis that these ancestors were
the same becomes more parsimonious than
that they were different. Because of this the
Liposcelidae and the Phthiraptera are here
accepted as sister-groups and the Psocoptera is
postulated to be paraphvletic with respect to
the Phthiraptera. It js presumed that the
adoption of the ectoparasitic habit by the
ancestor of the phthiraptera imposed a new set
of environmental pressures on the egg, which
reverted to the plesiomorphic thick-chorion
form but developed an operculum. maintaining
€asy egress for the nymph. Embryonic orienta.
tion within the €gg also reverted to the plesio-
morphic state,

An alternative hypothesis is presented by
Kim & Ludwig (1982). They suggest that the
Mallophaga (Amblycera, Ischnocera and
Rhyncophthin'na) arose from the Permopsoci-
da: Dichentomidae and the Anoplura from the
Permopsocida: Lophioneuridae. They also
state that both the Psocoptera (including the
Permopsocida) and the Phthiraptera are
monophyletic (i.e. holophyletic, given the
context). These statements are clearly contra-



dictory. The evidence supporting the proposed
ancestry of the Mallophaga is that the Dichen-
tomidae have both a short rostrum and anten-
nae placed in pits. these being apomorphies
associated with the Rhyncophthirina and
Amblycera respectively. No evidence is given
for the relationship proposed between the
Anoplura and the Lophioneuridae. although
the lophioneurids are described as having "a
broad head. a character state found among the
mallophagans’. The Dichentomidae and the
Lophioneuridae do not form a holophyletic
group (Smithers. 1972). and it is shown below
that the Mallophaga as defined by Kim &
Ludwig (1982) are not holophyletic either. The
hypothesis proposed by Kim & Ludwig (1982)
demands that the Psocoptera (s.lat.). the
Phthiraptera and the Mallophaga are all para-
phyletic. a fact which their cladistic analysis
purports to disprove. No evidence has been
found in this study to support their hypothesis.
which is rejected.

Apomorphies proposed for the Amblycera

(58) Development of pedunculaze first flagel-
lar ‘segment’ (Clay, 1970: Boudreaux. 1979:
Kim & Ludwig, 1982). Haub (1980) refers to
the presence of a ‘peduncie-like part between
the scape and the flagellum’, presumably the
pedicel. as being a plesiomorphic character
state within the Psocodea. its loss being a
synapomorphy of the Ischnocera. Rhyncoph-
thirina and Anoplura. However. the pedicel is
not pedunculate in any of the Psocodea and
the first flagellomere is pedunculate only in the
Amblycera. an autapomorphy of this group.
See comment following character 88.

(59) Development of antennal fossa conceal-
ing antennae (Boudreaux. 1979).

Apomorphies 58 and 59 indicate the holophy-
ly of the Amblycera. Paraphyly of the group is
indicated by the distribution of apomorphy 84
(see Table 2). but this hypothesis is rejected as
less parsimonious.

Apomorphies proposed for the
Rhyncophthirina

(60) Prolongation of head anteriorly inio
rostrum with mandibles terminal and rotared
through 180 degrees: suppression of tibiotarsal
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muscles: extension of pretarsal apodeme inio
femur without tibial muscle bundle (Boud-
reaux. 1979).

(61) Reduction of posterior tentorial arms
and loss of tentorial bridge (Boudreaux. 1979).
The tentorium is absent from all Anoplura. so
character 61 is apomorphic for both Rhyn-
cophthirina and Anoplura. See character 70.

A further apomorphy of the Rhyncophthir-
ina. the migration of one pair of labial glands
from the thorax to the head. is discussed below
(character 94) as it was iniually (mistakenly)
proposed for the Mallophaga. There is no
doubrt that the two species of Rhyvncophthirina
together form a holophyletic group.

Apomorphies proposed for the Anoplura

(62) Development of piercing stylets from
hypopharynx and labium; great development of
connective lssue septum (obturaculum — see
character 78); fusion of pronotum [0 mesono:
tum: reduction of mesothoracic and metathor-
acic terga, with dorsal extension to thoracic
pleura (Kim & Ludwig, 1978: Boudreaux,
1979).

(63) Thoracic spiracles on dorsal part of the
pleurum (Boudreaux. 1979). This condition is
found throughout the Phthiraptera (Matsuda.
1970). and thus is not an autapomorphy of the
Anoplura. The dorsal position of the spiracle
on the anopluran thorax is a result of the
autapomorphic dorsal extension of the pleura
(character 62. in part).

(64) Tibia modified for grasping hair of host
(Boudreaux. 1979). This character state is also
found in the Ischnocera. particularly the
Trichodectidae.

The apomorphies listed under character 62
strongly indicate the holophyly of the Ano-
plura.

Apomorphies proposed for the Ischnocera

(63) Rotation of mandibles 10 operate about
a vertical axis (Boudreaux. 1979). The autapo-
morphic modifications of the mouthparts of
the Rhyncophthirina and Anoplura do not
prectude this form of mandibular articulation
being ancestral. This character state. there-
fore. whilst apomorphic. cannot be used as an
apomorphy of the Ischnocera.
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(66) Development of pulvinus. Although
restricted to the Ischnocera and plainly apo-
morphic. this character state cannot be used to
demonstrate the holophyvly of the group for the
same-reasons as outlined for character 63.

(67)) Separation of small rhombic sclerite
from anterior pronotal margin. This sclerite is
present in all Ischnocera except some Philop-
teridae. and occurs in no other group. In some
species of Anaroecus (Philopteridae) the scler-
ite is present but not detached from the
pronotal margin. The distribution of the apo-
morphy suggests the paraphyly of the Philop-
teridae with respect to the other Ischnocera.

(68) Absence of mandibzdo-/z_vpophar,vngea/
muscle (Symmons, 1952: Haub. 1973). This
loss is proposed as an apomorphy of all
Ischnocera except Trichodectidae. in which the
muscle is reduced. but relatively  few
ischnoceran genera have so far been examined.
The loss of the muscle in Rhyncophthirina is
possibly homoplastic and connected with the
extensive modifications to the mouthparts of
this group.

None of the apomorphies above support
directly the holophyly of the Ischnocera. Not
only is it not possible to demonstrate the
holophyly of the group. but it is also impossi-
ble to subdivide it into holophyletic units. The
number of families making up the Ischnocera
is a matter of contention. Eichler (1963) recog-
nizing 21 and Hopkins & Clay (1952) recogniz-
ing only three. In this study five families are
recognized: Goniodidae, Heptapsogasteridae,
Trichophilopteridae. Trichodectidae  (sensu
Hopkins & Clay. 1952: Trichodectiformia of
Eichler. 1963) and Philopteridae. Of these
only two are demonstrabiy holophyletic:
Trichophilopteridae (by definition. as it com-
prises only one species) and Trichodectidae
(Lyal. 1985b). Of the other three families.
Heptapsogasteridae and Goniodidae are each
phenetically-recognizable groups and may be
holophyletic. whilst the Philopteridae is a mis-
cellaneous collection of genera and is almost
certainly paraphvletic or polyphvletic.

Apomaorphies proposed for the
Rhyncophthirina plus the Anoplura

(69) Head ‘fixed" in relation 10 thorax (Kim
& Ludwig. 1978). This feature may be linked

to the feeding mechanisms of the two groups.
both of which have led to the development of
prognathv. These feeding mechanisms are
quite different. and the loss of free articulation
of the head may therefore be homoplastic in
the two groups.

(70) Loss of anterior tentorial pits {Sym-
mons. 1952). There is a transformation series
of tentorial reduction running  Psocoptera
= Amblycera - Ischnocera — Rhyncophthirina
~ Anoplura (Symmons. 1952: see characters 17
and 61). Kim & Ludwig (1982) regard the
virtual loss of the tentorium in the Rhyncoph-
thirina and the complete loss in the Anoplura
as independent apomorphies. but there is no
evidence to support this a priori assumption.

(71) Loss of articularion between pronotum
and forecoxae (Kim & Ludwig. 1978). This loss
has also occurred in some Amblycera (Matsu-
da. 1970). but the holophyly of the Amblycera.
demonstrated above. indicates this loss to be
homoplastic.

(72) Suppression of lateral cervical sclerites
(Boudreaux. 1979). Maver (1954) considers
these sclerites absent from Bovicola caprae
(Trichodectidae). but examination has shown
that they are present in this and all other
species of the family.

(73) Absence of lacinial gland (Kim & Lud-
wig. 1978). This absence may be primary or
secondary in either of the two groups. depend-
ing on whether the development of the gland is
postulated as an apomorphy of the Amblycera
plus Ischnocera or of the Phthiraptera (sce
comment foIlowing character 20).

(74) Loss of lacinia (Boudreaux. 1979). The
loss of the lacinia in these two groups 1s in each
case associated with considerable modifications
to the mouthparts. These modifications being
Separate autapomorphies. there must be g high
probability that the loss of the lacinia is
homoplastic in these two groups.

(75) Reducrion in number of trsal claws 1o
one (Kim & Ludwig. 1978: Boudreaux. 1979).
Kim & Ludwig (1978) consider this character
state  autapomorphic tor the Anoplura.
although admitting some homoplasy in the
Amblvcera and Ischnocera. Boudreaux (1979)
correctly points out that the Rhyncophthirina
also have oniv a single tarsal claw. and prop-
oses the reduction as a synapomorphv of the
Rhyncophthirina and the Anoplura. The re-
duction to a single tarsal claw occurs in the



Gvropidae and Abrocomophagidae  (Am-
blvcera). Trichodectidae. Rhyncophthirina and
Anopiura. all groups ectoparasitic on mam-
mals. A similar reduction has taken place in
those Hippoboscidae (Diptera) ectoparasitic
on mammals. indicating the high probability of
homoplasy in this feature.

In their discussion on the legs of lice. Kim &
Ludwig (1978, 1982) maintain that the pulvinus
and empodium do not occur in the group. Clay
(1969). however, demonstrates the presence of
the empodium in Menoponidae (Amblycera)
and Clav (1970) figures structures in Boopia
(Amblycera) that almost certainly are pulvilli.
although she follows Kéler (no reference
given) in terming them plantulae of the second
tarsomere.

(76) Dcvelopment of large cibarial and
pharyngeal pumps (Boudreaux. 1979). The
cibarial pump is present in all other Acercaria,
and is not an autapomorphy of the Anoplura
plus Rhyncophthirina. The pharynx does not
act as a separate pump. but contributes to the
action of the cibarial pump (Mukerji & Sen-
Sarma. 1953; Kim & Ludwig. 1978).

The distribution of those apomorphies listed
above that are acceptable is presented in Table
2 and discussed below.

Apomorphies proposed for the Ischnocera
plus the Rhyncophthirina plus the
Anopiura

(77) Development of saucer-shaped artennal
sensilla (Clay, 19701 Kim & Ludwig. 1978:
Boudreaux. 1979). Kim & Ludwig maintain
that the development of these sensilla (‘pore
organs’) is convergent in the Anoplura and the
other two groups. They base this assumption
on the absence of the sensilla from some
Anoplura. apparently rejecting the possibility
of secondary loss. The presence of the sensilla
is believed here to be plesiomorphic within the
Anoplura. See comment following character
90.

(78) Development of connective 1ssue sep-
wum nearlv occluding occipital foramen (Sym-
mons. 1952: Kim & Ludwig. 1978: Boudreaux,
1979). The development of this feature may be
allied to the reduction of the tentorial bridge.
and is carried to a far greater degree in the
Anoplura than in the Rhyncophthirina and
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Ishnocera. A transformation series thus exists.
but the use of an intermediate state in this
series as an autapomorphy of the Ischnocera
and Rhyncophthirina (Kim & Ludwig. 1978) is
not justified. Kim & Ludwig (1982) do not use
the apomorphy because ‘the obturaculum and
similar tissues appear to have developed inde-
pendently among the parasitic Psocodea’. They
do not indicate why such independent develop-
ment is postulated.

(79) Development of spiracular glands
(Kanigsmann. 1960: Kim & Ludwig. 1978
Haub. 1980). Kim & Ludwig (1982) attempt t0
minimize the reliability of this proposed apo-
morphy by stating that ‘information on the
Psocoptera and Amblycera is meager . This
view is not maintained here. and the apomor-
phy is accepted.

(80) Development of tensory ligament mus-
cle (Symmons. 1952).

(81) Development of occipital apodeme ex-
tending into thorax (Boudreaux. 1979). The
occipital apodeme has not been detected n
Trichodectidae. Goniodidae. some Philopter-
idae and some Anoplura. and the degree of
sclerotization of the apodeme where it has
been seen is variable. The possible presence of
the apodeme in the first two families men-
tioned above is obscured by the apomorphic
development of the occipital ring, sO the
presence of the apodeme cannot be used as an
apomorphy for any group excluding these two.
The absence of the apodeme in some Ano-
plura is interpreted by Kim & Ludwig (1982)
as apomorphic.

(82) Transfer of attachment site of antennal
muscles to dorsum of head. at least in part. This
apomorphy is clearly linked in the Rhyvncoph-
thirina and Anopiura to the loss of the anterior
tentorial arms. on which the muscles attach in
other Phthiraptera. The anterior arm is present
in Ischnocera. so the cause of the transfer in
Goniodidae and Philopteridae 1s not known.
The muscles are attached to the anterior arms
in Trichodectidae. and the state in Heptapso-
gasteridae and Trichophilopteridae is not
known (Symmons. 1952).

(83) Presence of symbionts (Konigsmann.
1960: Haub. 1980). Ries (1930. 1931) records
symbiotic bacteria or Rickettsia-like organisms
in Rhyncophthirina. Anoplura. seven species
of Philopteridae. four out of five species of
Goniodidae and one species of Amblvcera. He
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failed to find

Amblycera: he did not €xamine any Heprapso-
gasteridae or Trichophilopteridae. The loca-
tion of the symbionts and the form of the
mycetocytes or mycetomes differ considerably
In Amblvecera, Ischnocera, Rhyncophthirina
and Anoplura (Buchner, 1963). Kim & Ludwig
(1978) suggest a number of Separate acquisi-
tions of endosymbionts in the Phthiraptera
connected with changes in diet. ang Buchner
(1965) notes that svmbiotic bacteria are pre-
sent chieflv in blood- ang kerau’n-feeding in-
sects. The absence of svmbionts in one of the
Goniodidae studjed by Ries (1930, 1931) sug-
gests either independent acquisition in the
other Goniodidae or secondary loss. In view of
the high probability of homoplasy and the
paucity of information regarding the full djs-
tribution of endosymbionts within the Phthir-
aptera, the apomorphy is not given great
weight in this study.

(84) Fusion of mesonotum and metanotum
(Kim & Ludwig, 1978, 1982). This apomorphy
is also exhibited by some Amblycera (Clay,
1970) and Liposcelidae (Smithers, 1972). Kim
& Ludwig (1982) cite this as evidence that the
fusion is homoplastic in the Anoplura and
other Phthiraptera. but propose the fusion to
be homologous in Ischnocera and Rhyncoph-
thirina. This decision reflects their ¢ priori
assessment of the Mallophaga as a holophyietic
&roup. and is not justified on the evidence. In
the Anoplura the pronotum is fused to the
meso-metanotum (character 62). but the prop-
osal of Kim & Ludwig (1978) of the ‘fusion of
mesonotum and mertanotum (but not pro-
notum)’ as a Synapomorphy of the Ischnocera
and Rhyncophthirina js not justified.

(85) Reducrion of eve 10 a single ommaui.
dium (or complete loss) (Boudreaux, 1979).
See comment following character 26.

(86) Reduction in number of testicular folli-
cles t0 two pairs (Kénigsmann, 1960: Kim &
Ludwig, 1978: Boudreaux. 1979: Haub. 1980).
Some Almbivcera also have only two pairs of
follicles (Kim & Ludwig, 1982). See comment
following character 32

(87) Loss of maxillary palpi (Boudreaux.
1979). The loss of the palpi in the three groups
may be homoplastic. See comment following
character 74.

(88) Antennae homonomous (Konigsmann.

1960: Haub. 1980). This state is contrasted
with the supposed plesiomorphic heterono-
mous condition in Psocoptera and Amblycera.
Haub (1980) misinterprets the morphology of
the ambivceran antenna (see discussion follow-
ing character 38). and his postufated stmilarity
of the Psocoptera and Amblveera is rejected.
Moreover. the scape and pedicel are of greater

Anoplura and most Ischnocera, although not
in Amblvcera, The degree to which the
Ischnocera. Rhyncophthirina and  Anoplura
exhibit the heteronomous condition is not as
great as the Psocoptera. but the antennae in
these groups cannot be considered homono-
mous.

The distribution of those apomorphies listed
above that are acceptable is given in Table 2
and discussed bejow.

Apomorphies proposed for the
Rhyncophthirina plus the Anoplura
plus the Trichodectidae

(89) Presence of gonapophyses (Svmmons.
1952). Gonapophyses are present in a number
of Amblycera and Ischnocera other than
Trichodectidae. and are remnants of the great-
ly reduced ovipositor. The retention of the
gonapophyses cannot be used as a synapomor-
phy. See comment following character 31

No other apomorphies have been proposed
for this group.

Apomorphies proposed for the
Rhyncophthirina plus the Ischnocera

(90) Increase in number of antennal pore
organs from nvo io ihree, Kim & Ludwig
(1982) state incorrectly that the Rhincophthir-
ina have only two pore organs, not three as
shown by Clay (1970). The plesiomorphic
number of pore organs may be two. in which
case the apomorphy is valid. or three. in which
case the reduction to two is apomorphic for the
Anoplura. Some Anoplura have lost the pore
Organs entirely. See comment following char-
acter 77.

(91) Mouthpars of modified chewing rvpe
(Kim & Ludwig. 1978): mandibles articularing



1or horizontally bur either verticallv or laterally
Yim & Ludwig, 1982). The mandibular mod-
fications are totally different in the two
woups. and cannot be considered as synapo-
norphic. The proposal also neglects the un-
.nown type of mandibular articulation of the
ncestor of the Anoplura.

(92) Reduction in the number of antennal
wensilla coeloconica and basiconica (Kim &
~udwig. 1982). Kim & Ludwig (1982) note
jat the number of these sensilla is 6-7 in the
Psocoptera. 2—+ in the Amblycera. 3— in the
Anoplura. 2 in the Ischnocera and 1 in the
2hyncophthirina (data from Al-Abbasi. 1981).
The data are slightlv incorrect in that the
Rhyncophthirina have two such sensilla. The
sreater reduction in numbers in the Ischnocera
.nd the Rhyncophthirina are, as "loss’ charac-
er states, of little or no value in cladistic
znalysis. and may well be homoplastically
derived in the two groups.

In addition to these three supposed apomor-
shies another four have been discussed above:
:he loss of the anterior tentorial pits (character
70); the development of the pore organs (see
sharacter 77): the partial development of the
abturaculum (see character 78): and the fusion
f the mesonotum and metanotum but not
sronotum (see character 84). Each of these has
been rejected. See Table 2.

Apomorphies proposed for the
Rhyncophthirina plus the Ischnocera
alus the Amblycera

(93) Reduction from two to one pair of labial
glands (Kim & Ludwig. 1978. attrib. KNonigs-
mann. 1960). All three groups have two pairs
of labial glands. and the apomorphy must be
rejected. See comment following character Od.

(94) Presence of cephalic labial gland (Kim
& Ludwigz, 1982). This character state is con-
trasted with the thoracic placement of both
pairs of labial glands in Psocoptera and Ano-
plura, and is the chief supporting apomorphy
used for the Mallophaga by Kim & Ludwig
(1982). The use of both character 93 and
character 94 is based on the misconceptions
that: (a) the lingual sclerites are labial salivary
glands (Snodgrass. 1899; Cope. 1940a. b,
1541). and (b) the thoracic glands are con-
nected to the alimentary canal not the salivar-
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jum (Snodgrass. 1899: Imms. 1923: Richards &
Davies. 1977). Paired thoracic labial glands.
with a duct opening into the salivarium, are
present in the Psocoptera (Weber. 1938). Ano-
plura (Smodgrass. 1944 Haug. 1952).
Amblvcera (Haug. 1952: Buckup. 1939) and
Ischnocera (Risler. 1951; Haug, 1952). In the
Rhyncophthirina the dorsal labial glands have
migrated to the head (Mukerji & Sen-Sarma.
1935). and character 94 is apomorphic for this
group.

No other apomorphies have been proposed
for this group.

TABLE 2. Distribution of apomorphies within the
Phthiraptera. *Gain’ states are indicated by ‘g’ "loss’
states by "1". and states not present in all members of
a taxon by *(g)' and *(1)’ respectively. For explana-
tion of characters see text. :
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Cladistic relationships within the
Phthiraptera

The distribution of ‘acceptable’ apomorphies
within the Phthiraptera is summarized in Table
2. The hypothesis of holophyly of a sister-
group to the Amblycera comprising the
Ischnocera. the Rhvncophthirina and the Ano-
plura is supported by the distribution of eight
apomorphies. five of them ‘gain’ states. and is
consistent with a further eleven. An alternative
hypothesis. the holophyly of a group compris-
ing the Amblycera and the Ischnocera, is
supported by the distribution of a single apo-
morphy (character 20). and is consequently
rejected as less parsimonious.

The sister-group of the Rhyncophthirina is
either the Anoplura (hypothesis supported by
apomorphies 69-73), the Ischnocera (hypoth-
esis supported by apomorphy 90), or some part
of the Ischnocera (hypothesis supported by
apomorphy 68). If. as recommended by Hecht
& Edwards (1976, 1977), apomorphic ‘loss’
states are not used in cladistic analysis because
of the impossibility of detecting homoplasy
directly. the first two hypotheses are seen to be
each supported by a single apomorphy (69 and
90 respectively) and the third by none. The
third hypothesis is therefore rejected. Unfortu-
nately, neither of the "gain’ apomorphies sup-
porting the first two hypotheses are particular-
ly reliable (see comments following their prop-
osal above). and further evidence must be
sought. Apomorphies 81-83 indicate by their
distribution the paraphyly of the Ischnocera
with respect to the Rhyncophthirina and Ano-
plura. the Trichodectidae (and possibly the
Trichophilopteridae) being excluded from the
holophyletic group so formed. A consequence
of this hypothesis is a refutation of the hypoth-
esis supported by apomorphy 90 - the holophv-
ly of the Rhyncophthirina plus the Ischnocera.
These apomorphies can therefore be taken as
supporting evidence for the holophyly of the
Rhyncophthirina plus the Anoplura. However.
as can be seen from the comments following
their proposal above, none are considered
sound. The hypothesis of paraphyly of the
Ischnocera (including Trichodectidae) sup-
ported by apomorphies 81-83 is refuted by
apomorphy 67, which supports the holophvly
of a group comprising the Trichodectidae and
most of the other Ischnocera. This apomorphy

is deemed more reliable than apomorphies
81-83. and the Trichodectidae are considered
here as part of a holophyletic group including
most if not all Ischnocera. This rejection of the
evidence from characters 81-83 removes their
support for the sister-group relationship of the
Rhyncophthirina and the Anoplura. although
it does not refute this hypothesis.

Although "loss’ apomorphies are not weight-
ed as heavily as ‘gain’ apomorphies. the evi-
dence provided by their distribution is the only
indication of the sister-group of the Rhyncoph-
thirina. As noted above, the hypothesis of
sister-group relationship supported by the
greatest number of apomorphies is that the
Rhyncophthirina and the Anoplura are sister-
groups. The sister-group of this assemblage
must therefore be all or some of the
Ischnocera. the holophyly of this latter group
not being demonstrable at present.

Ranking and classification

Following production of a cladistic scheme of
relationships for the groups of lice (Fig. 2). a
scheme of ranking and nomenclature for these
groups must be adopted. Several such schemes
have been proposed. and these are summa-
rized in Fig. 3. Clay (1970) and Haub (1980)
consider the Amblycera, Ischnocera. Rhyn-
cophthirina and Anoplura to be of equal
hierarchical rank as suborders of the order
Phthiraptera. Boudreaux (1979) considers
Phthiraptera (Phthiriapterida) as a subcohort
comprising two orders: Mallophaga. which he
restricts to the Amblycera. and Anoplura. Two
suborders of Anoplura are proposed:
Ischnocera and Lipognatha. the latter compris-
ing two infraorders. Rhyncophthirina and
Siphunculata (Anoplura sensu Clay. 1970).
Kim & Ludwig (1978) imply subordinal status
for the Ambiycera, Ischnocera and Rhyncoph-
thirina. combining these into the order Mal-
lophaga. and elevate the Anoplura to ordinal
status. The same proposal is made by Kim &
Ludwig (1982). although based on the premise
(rejected here) that the 'Mallophaga™ are a
holophyletic group: this will not be discussed
further.

The three schemes. of Clay (1970). Kim &
Ludwig (1978) and Boudreaux (1979), reflect
different approaches to systematic decision-
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FIG. 2. Cladogram of the major groups of Phthiraptera. *Gain’ apomorphic states are indicated by solid
squares, ‘loss’ states by solid discs. and states.not present in all members of a taxon by half-solid squares
and discs respectively. For explanation of apomorphies see (eXt.

making. Boudreaux (1979). emploving a strict
cladistic methodology. accepts only hoiophyle-
tic groups as true systematic entities and ap-
plies names in rank order to each group so
produced. Kim & Ludwig (1978) represent the
phylist approach, accepting  paraphyletic
groups as systematic entities and using the
-amount’ of morphological difference between
groups as a criterion in assessment of rank.
Clay (1970) follows cladistic procedure in not
accepting paraphyletic groups. and specifically
rejects ‘Mailophaga' as proposed by Kim &

Ludwig (1978). She does not feel obliged.
however. to produce a series of names cover-
ing each presumed holophyletic group. as does
Boudreaux (1979).

The paraphyletic group ‘Mallophaga™ sensu
Kim & Ludwig (1978) is not accepted here,
and only holophyletic groups are utilized. The
plethora of names emploved by Boudreaux
(1979) is also rejected. because the alteration
from the traditional usage of Mallophaga and
Anoplura will. far from clarifying systematic
discussion. serve only to increase confusion. It
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f SUBORDER ISCHNOCERA
1

AMBLYCERA
ISCHNOCERA
RHYNCOPHTHIRINA

ANCPLURA INFRAGRDER SIPHUNCULATA

ANOPLURA

is possible for a classification to reflect cladistic
relationships without including names for all
holophyletic groups (Nelson. 1972, 1974: Crac-
raft, 1974: Wiley. 1979, 1981). and this system,
known as ‘phyletic sequencing’, will be em-
ployed here. The classification is therefore
represented:

Order Phthiraptera

- Suborder Amblycera
Suborder Ischnocera
Suborder Rhyncophthirina
Suborder Anoplura

The development of Parasitism and the
origin of the major groups of lice

As already noted, the Phthiraptera probably
developed from a nidicolous ancestor (Hop-
kins. 1949; Rothschild & Clay. 1952; Kéler,
1957; Stenram, 1964: Waage. 1979), which in
this study is identified as the common ancestor
of the Phthiraptera and Liposcelidae. The
association of modern Psocoptera (mostly
Liposcelidae) with birds (Rapp, 1961; Mock-
ford. 1967) and mammais (Pearman, 1960:;
Mockford, 1971) is not uncommon. and a3
similar phoretic association on the part of the

CLAY, 1970

AMBLYCERA SUBORDER AMBLYCERA
ISCHNOCERA

RHYNCOPHTHIRINA SUBORDER RHYNCOPHTHIRINA
ANOPLURA SUBORDER ANOPLURA

BOUDREAUX, 1979

INFRAORDER RHYNCOPHTHIRINA O

KIM & LuDwiG, 1978

AMBLYCERA SUBORDER AMBLYCERA
ISCHNOCERA SUBORDER ISCHNOCERA
RHYNCOPHTHIRINA SUBORDER RHYNCOPHTHIRINA

\‘L ORDER PHTHIRAPTERA

ORDER MALLOPHAGA

SUBORDER ISCHNOCERA b

ORDER ANOPLURA

19
] SUBORDER LIPOGNATHA J

7 ORDER MALLOPHAGA
J

ORDER ANOPLURA

FIG. 3. Alternative Systematic arrangements of the major groups of lice.

ancestor of the lice is likely to have led to the
more permanent relationship now found. The
generally-accepted scenario for the subsequent
development of parasitism in the Phthiraptera
is stated in the next paragraph.

The ancestor(s) of the Phthiraptera were
only facultatively parasitic. and much Jess
host-specific than modern lice (Hopkins. 1949,
1957: Kéler, 1957: Kénigsmann, 1960). During
this early period the major divisions of the
modern Phthiraptera evoived. to become fixed
with the development of obligate parasitism
and divergence of the hosts (Hopkins. 1949;
Keler. 1957). With the shift to obligate parasit-
ism host-specificity developed also. and since
then the lice have. ip their phylogenetic de-
velopment, broadly foliowed the evolution of
their hosts. with very little transfer taking
place between unrelated hosts (Bedford, 1939.
Hopkins, 1941: Kéler. 1957; Kim & Ludwig,
1978).

The suppositions upon which the latter part
of this scenario s based will be examined in
future publications. but here the temporal
relationship of the development of obligate
parasitism, host specificity and the division of
the Phthiraptera into groups will be discussed.
It is suggested above that the major groups of




Phthiraptera arose before the development of
obiigate parasiusm. a proposal also made by
Mukerji & Sen-Sarma (1933) and Kim &
Ludwig (1978. 1982). The development of
oblicate parasitism must have involved the
deveiopment of several adapuve features. pri-
mariiy invoiving the ovipositor. the structure
of the egg. oviposition. and other modifica-
tions to pehavioural patterns. The most par-
simonious hypothesis. and one for which there
is no refuting evidence, is that these adaptive
features developed only once. and hence that
obiigate parasitism arose only once. in the
common ancestor of all Phthiraptera. The
ecological factors affecting the development of
host-specificity {Lval. 1983c) consequently
must have applied to this ancestor. and all
divisions of the order arose under their con-
straints (with the proviso that the ecological
relationships of the early hosts may have
differed from those of the present hosts). The
evolunion of the Phthiraptera must therefore
be viewed not in two parts. but as a single
process. subject always to the same con-

LrrainTg
Sirainis.

The time of origin of the Phthiraptera

The Phthiraptera have been suggested as origi-
nating in the late Mesozoic (Harrison. 1914).
the late Jurassic or Cretaceous (Harrison.
1916). the Jurassic (Harrison. 1928), the late
Triassic or early Jurassic (Kéler, 1957: Kim &
Ludwig. 1978). the late Triassic (Hopkins,
1949), the Triassic (Stenram. 1964) and the
Upper Carboniferous or Lower Permian (Kim
& Ludwig. 1982). The very early date prop-
osed bv Kim & Ludwig (1982) resuits
from their belief that the lice are derived
from Permopsocida (Dichentomidae and
Lophioneuridae). an hypothesis rejected in
this study. The assumption that Phthiraptera
and Psocoptera are sister-groups has led work-
ers to suggest an earlier date than is perhaps
justified by the evidence. as an early date is
believed necessary for the emergence of an
order. and many millions of years presumed to
be required for the development of the nidico-
lous habit in the ancestor of the lice. If. as is
suggested here. the sister-group of the lice is
the Liposcelidae. this great length of time
would not have been required.
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The absence of a fossil record for lice forces
anv decisions on their age to be based on
comparative phylogeny with the hosts (Hop-
kins. 1949: Hennig. 1966) and geographical
distribution. The mammalian environment
(i.e. the habitat provided by a nest-building
hair-covered homoiotherm) was probably
available in the mid to late Triassic (Patterson.
1957). and the birds (as represented by
Archaeoptervx) appeared in the mid to late
Jurassic. The Metatheria and Euthena
appeared in the first half of the Cretaceous.
but the modern orders of Eutheria and of birds
do not appear in the fossil record until the
Palaeocene (although this probably represents
a deficiency in the record rather than a true
absence) (Patterson, 1957; Romer. 1962).

The Anoplura are confined to mammals,
and it is reasonable to assume that they arose
on this group. Traub (1980) examines the
geographical and host distribution of the sub-
order, and concludes that it was present on
rodents in the Palacocene and probably arose
on this group. although an earlier Cretaceous
origin (as suggested by Hopkins. 1949) on
ungulates or multituberculates is not ruled out.
He suggests that the suborder arose in North
America.

The time of origin of the Anoplura and the
Rhyncophthirina must be the same. as they are
sister-groups. The host of the ancestor of the
Rhyncophthirina was probably a mammal. as
both of the modern species parasitize members
of this group. and the Proboscidea (the prob-
able primary hosts of Haematomyzus) have a
fossil record extending back to the Eocene
(Patterson. 1957). The evidence suggests that
the common ancestor of the Rhyncophthirina
and the Anoplura was present on an ancestor
of all or part of the Eutheria in the late
Cretaceous or early Tertiary.

In the Ischnocera two families parasitize
mammals: Trichophilopteridae on lemurs and
Trichodectidae on a number of Euthena.
Trichophilopteridae almost certamnly have 2
comparatively recent ancesiry among the bird
lice. and Trichodectidae are unlikely to have
been present on the ancestor of the Euthena
(Lval, 1985d). Other Ischnocera are present 0n
most if not all bird orders. If the association
with mammals of Ischnocera post-dates that of
Anoplura and Rhyncophthirina. the ancestor
of the former suborder must have been a



much earlier than that of the ancestor of the
Anoplura and the Rhyncophthirina.
Amblycera parasitize mammajs and birds,
the three bird-infesring families being world-
wide in distribution and the four mammal-
infesting familjes being confined to  South
America and the Australian Region (other
than Heterodoxys spiniger, which was derived
from a wallaby louse and now infests dogs all
round the world). The Australian mammal
i are primary parasites of
marsupials, secondarily infesting some canids
and the Cassowary. The South American famj-
lies of mammal Jice are the Abrocomophagi-
dae parasitic on 3 caviomorph rodent, the
Gyropidae, also parasitic on caviomorphs, and
the Trimenoponidae, parasitic on caviomorphs
and marsupials, Harrison (1924, 1926), Hop-
kins (1949, 1957), Vangzolinj & Guimaries
(1955a, b) and Traub (1980) suggest that the
Trimenoponidae and Boopiidae are descended

to at least the Lower Cretaceous (Traub,
this hypothesis are
open to challenge. Clay (1970) suggests that
the Trimenoponidae and Gyropidae form a
monophyletic group and. although the phy-
logenetic position of the Abrocomophagidae Is
not vet certain, jt probably shares an ancestry
with these families. this group over seventy
Species  parasitize
caviomorph families anqg two species
four species (in two genera) of ope
marsupials (Emerson & Price,

mammal-infesting Amblvcera parasitized a ro-
dent and subsequently marsupials were cojo-
mized once or twice; the association with
marsupials in South America s very unlikely
to be ancient. Secondly. the relationship prop-
osed between Trimenoponidae and Boopiidae
is not based on apomorphic character states,

and is very Questionable. Harrison (1924,
1926) and Hopkins (1949, 1957) are able 1o
cite only one character supporting the rela-
tionship. and thjs (the presence of the post-
erior tracheal commisure) js plesiomorphic for
the lice. Vanzolini & Guimaries (1953a) cite
. and Traub

basis of the common ancestry of the hosts.
Traub (1980) goes on to cite this relationship
of the lice as evidence for the common ances-

discarded, Clay (1970) derives the Boopiidae
directly from 3 bird-infesting ancestor, and
cites apomorphies to demonstrate the sister-
group relationship between the Boopiidae and
the Menoponidae. There is no basis for assum-
ing that the Trimenoponidae and the
Boopiidae (or the Trimenoponidae plus Gyro-
pidae and the Boopiidae) are sister-groups,
and thus that the infestation of marsupials
dates to the Lower Cretaceous,
sented by Clay (1970) suggest a sister-group
relationship between the South American
mammal-infesting Amblycera and g4 other
members of the suborder. The common ances-

Feason to suppose thar the development of the
lice took place any earlier than the Cretaceous.
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