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i SUMMART

IRIRODUCTION.

The Mallophaga, a suborder of the Pthiraptera, are a group of obligate
ccboparagites living on birds and sammals which preﬁeét interesting problems
of evolution and phylogeny.” The present distribution of the avian Mallophaga
suggests %:h&t these insects became parasitic on the birds early in the
evolution of the latter elass and thaé they evolved with their hosts, Ina
group of related host species, each species may have allopatrie species of a
number of sympatric gemera of Mallophaga comuon to the host group (1?{ i bables
Ly 5, 6), and in addition, sympatrie species of one or more of these geners,

+ This work is baged largely on studies of the superfamily Ischmocera found
on birds.

/ Humbers 1=12 refer to the printed papers following the summary.




In many cases, therefore, & single host species may have a considerable number
of genera and species of Wallophaga (1:279). The problem is to find an
explanation of the presence of often closely related gerera and species in
what is the equivalent of a regtricted and isolabed geographical area. A
study of the’merphalmgy of the ¥allophage and thelr present distribution both
on a single host individual and throughout the class Aves makes it possible to
deduce some of the factors which may have iafluenced speeiation in this group
of ectoparagites and to compare these factors with thoss influencing groups of
free~living animalsg.

Apart from the intrinsic intereat of evolutiomary problems in a group of
ectoparasites, it is necessary when attemplivg bo formulate & natural clagslfi-

cation of the Mallophaga to have some understanding of the possible steps in

the evolution of the group.

VOLUTIONARY ~PROBLENS.

Beological Factors in Speciation.

The enviroment of the avian Mallephaga ig formed by the chemical
compogition and physical structure of the feathers, the texture of the skin
apd certain physiological characters such as temperature and body secretions.

Feather structure. The Mallophaga live amongst the feathers and the

size and form of these have influenced the gersral body shape (1:280-1) so
that the species living on the head and meck of the bird, for instance, are
eagily distinguished from those living on the back and wings.

In the Ischnocera the regions round and anterior to the mandibles show

considerable variation within the group and give those characters on which
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nuch of the eclassification is based. This variation is probably partly
dependent on differences in feather structure as the mjority of species take
at least some feather parts in their diet and the mandibles are also used for
elinging to the feathers to escape dislodgment. The mein lines of gvolution
of the primitive Ischnoceran head seems to have been directed towards an
inereased mobility of the fore-part of the head by the development of sutures,
and to a general lengthening of this part Sogether with the development of
secondary bars of thickening (the endocarinae 3:176) for its suwpport., The
modifications of the pulvinus (probably the elypeo~labral suture}, which has an
important function in directing and holding the feather parts are of especial
intareﬁt (5;177«ﬁ78}, Modifications of the primltive head appear to have
developed along rather similar lines independently in different groups ( see
parallel evolution (1:294)), the differences in the details of development
being caused both by the isolation of the groups and by the differences in the
minute feather &@?a@%uré of the different host proups (2:210-213; 3:185-191).

In one group of Mallophaga (Lrochiloecetes) which has adopted an entirvely

bleod diet, the normal chewing mouthparts charseteristic of the ¥allophage.
have become sdapted to piercing (5:617).

The general correlation found in some germera of Mallophaga between the
size of the species and the size of the host (2:207-210; 413) may be dependent
on feather structure. Other effects of the plumsge on the Mallophaga are the

frequent occurrence of pigmentless Mallophage on white feathers, the greater

selerotization of species living on birds with iridescent Peathers s and in om
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genus of Mallophagae some of the spscles have developed a similar type of
endoskeleton supporting the pulvimus apparently independently, presumably in
response to some simllar character in the feather structure of their hosts

{2:210, table 1.),» This group has been separated as a genus, but the

distribution suggests that the character is adaptive and not phylogenetic and
the genus should not, therefore, be recognised.

Preening by the Hogt., This is an important factor in the control of

the size of the lMallophaga populations and has probably affected ‘bééy structure
and egg laying sites (1:261).

Hoological Niches. The body of the host presents a mumber of eco-

logical riches which have been colonized by the Mallophaga and to the
cheracters of which the insect has becoms adapbed (1:200-1); this adaptation
is shown mainly by & change in the propertions of the head and body and of

the secondary autures snd thickening of the head. These ecologleal types
frequently form the basis of the generic separabion of many of the sympatrie
species [1:2681, table 1), The cccupants of the same niche on different host
groups sometimes have a superficial resemblance elthough quite distinet where
_they have been derived from diffevent ancestral sbocks. This superficial
resemblence bas been partly responsible for the present untemable suprageneric
clagsification of the Ischmocers. Bven when the ecological types were derived
from the same ancestral sbtocks differences would have arisen through isclation
{see below), Also the primitive birds presumably had s wore uniform feather
covering (13291}, and as the structure of the down barbules are now in many

cases specific for the order or suborder (2:210-211) these must have undergore

change during the evolution of the birds, There would, therefore, have been
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continucus adaptation by the parasite te the changing ewvivonment of the
particular niche caused by the evolution of the birds themseives. There also
seems to have been later changes of ecological niches so that a species hag

become secondarily adapted to a new niche (e.g. Sturnidoecus, 1:288-289).

Thus, the adaptations and specializations for the different ecological niches
on the body of the bird have been responsible for much of the diversity amongst

the Mallophaga on one host speciss,

Isolation.

As in free-living animals isolation must have played an important role in
the evolution of the Mallophaga. Hormally the Mallophaga parasitie on om
host species do not come into contact with those on other host species; this
isolation of the populations hag made possible the development of host
specificity (1:284). During the evolution of the birds isolation of louse
populations has been brought about by the divisions of their host species
populations into ron-brecding units, thereby forming new species of hosts
which diverged into the families and orders now known; the isolated louse
populations thus formed rust have diverged from each other and beeame special~
ized for the new characters developed by their respective host speeies (1:283-4),
This type of speciation is amalogous to that on eontinental islands which have
been formed by the disappeerance of land conrections. A louse population may
alsc become isolated by the temporary isolation of parts of its hozt population
(1:284=285}, or by the extinction of & louse specles in parts of its host's

range (1:285+286) thus isolating the two populations on each side. If thease

periods of isolation were sufficient %o enable the development of gome sexually
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igolating mechanism (1:206~287) in one of the isclabed populabions the two
populations would form non-breeding units even if re-united.

There is no doubt that the complete isolation of populations on one hogt
species has been overcome and that secondary interspecific transfererces have
taken place, Transference from one host species to arother, analogous to the
colonization of oceanic islands in free-living animals, can take place between
predator and prey, nestling and foster parent in brood parasites, by the use of
common dust baths and by phoresy (1:293). As in free-living animals, it is
necesgary that at least a breeding pair or a fertilized female should be trans-
ferred, that the immigrant ean live in the new enviromment and can overcome the
competition of an already established and adapled resident louse population,
The esbablishment of an immigrant louse would, therefore, be helped by the
temporary sbsence in & given host population of the occeupants of one of the
ecologicael niches {1:285), thus providing an empty niche free from competition.
This competition would also have foreed immigrant lice to occupy new ecological
niches on the body of the bird not previously occupied by any of the resident
populations. \ |

Interspecific infestations may account for the presernce of closely related
sympatrie genera and species parasisic on one host species, for which sympatric
speciation ssemg an unlikely explanation (1:290).  The rather large number of
sympatrie gerera and species parasitic on some host species may be explained
by the host order being represented by a large number of living or extinet
forms thus allowing for a greater amount of interspecifiec interchenge of

populations (135291, table 9). Purther, the characters of the plumage of the

host species may provide a greater or lssser rumber of scological niches (1:291)
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thus to some extent controlling the number of sympatrie genera.,  Secondary
interspecific infestaticns are more possible between related host gpecies
(1:284) than between hest species belené;ing to different orders (1:284), and
presumably were more possible before the development of strong host specificity
and when the hosts themselves had not dlverged to such &n extent. Beeondary
infestations may alsoe be helped by simularity of feather structure between two

host groups (2:214).

THE IHYLOGEWY AND OCLASSIFICATION OF THE MALLOPHAGA.

The gemeric and suprageneric classifications of the Nallophaga present

great difficulties (3:171) and it is recessery to have scme understanding of
the blology and possible evolution of the group in order to distinguish those
characters likely to be of phylogenetic importance from those which are pursly
adaptive. There is some difficulty in the use of the terms phylogenstic and
edapbive ss applied fo characters. Fresumebly the majority of characters are
or have been adaptive and wany of the ordsre in the animal kingdom ave based
on such adapbive characters, e.g. Pthirsplera adapted for an scboparaglitie life;
Angeriformnes for swimming; Cilconliformes for life in swamps and marshes.
Hany of the problems o the eclegsification of living aniwals is an attempt to
relate forms o their primary adaptive group when they have become seco ndarily
adapted to another habitat or mods of 1ife {the flamingoes may be asuch a cage,
11:435).  The primary adapfive characters are called phylogenstie and the

secondary charvacters ~ adaptive. Amongst phylogenstic characters ave alse

those which may have been produced as by-products of an adaptive character
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by the plelotropic effect of genzs or by the establishment of neutral
characters by genetie drift in small isolaked populations.

In the superfanily lschnocera the basic characters of the interml and
external morphology are, in gemeral, remarkebly uniform throughout, while
superficlally there are econsiderable differe noes in the proportions of the
body and the development of sulures and secondary lines of thickening, It
is possible that the Ischumoeera acquired these bagic characters as adaptation
by ﬁheir particular ancestral stoek to the geperal envirommental factors
provided by the body of the bird. This ook place at a time when the
primitive birds had a more uniform feather covering ani before they diverged
into the different groups with ensuing modification of feather structure.

Thege later differences in the ernviromment seem o have alfected only the
guperficial characters of the paragite. In particular the head seems to have
beeome better adapted for eating and clinging to the feathers, and the head and
body to have become superficially adepted to the different scological niches

on the body of the bird. These adaptations would have been brought about in
different ways in the different Mallophagan groups depending on the gere complex
of the ancestral group, the isoclation of the population, ani the differences

of the enviroment in the particular group of birds parasitized.

During this evelubion therve seems to have been much convergence and
parallelism, changes of ecological niches with ensuing secondary modifications
{1:288-269) and secondary interspecific infestations which has resulted in the
original relationships being in many cassz obscured. Although the eclagsifica-

tion must, of eourse, be based primarily on the morphological characters of

the parasite, host distribution ief, frequently of importance as & secondary
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check on relationships and as an indleation of which characters are of
vhylogenetic importance (3:173; 12:574). On the other hand, generic
seperation taking ioto account host distribution only leads to congiderable

errorg {1£2:580).

Jwo types of genera or species groups based on bheir probable orviging

can be distingulshed in the superfamily Ischnocera, one of these is the end
product of the process of speciation which brought aboub the allopatrie specles,
the cther the sympatric species.

The allopatrie genus (3:172-174) comprises a number of species, each ons
host speeific o 2 host speciss or a group of closely related host aspecies
(1:283, tables 4=6), and probably formed as the result of the isolation and
divergence of the smpecies of the host group as already discussed. In the
majority of allopatrie genera the host order or suborder forms a clear cub
lire between groups of species and gives the limit of the genus (1:281, table 1).
However, there are genera distribuled over more than one host group (1282,
tables 2-3), the possible explanations for sueh distribubions are discussed
below under the relationships belween the phylogeny of host and paragite.

The sympatric genera (3:174~175) present the more diffieulf problem in
deciding on the limits of the genus.  Sympeirie forms are found in every stage
of divergence from those which differ in one sex only tu bhose which ean now be
separated generieally on well-marked characters. Uhe degree of divergernce
seems bo depend partly on the age of the species ad whether they now soeupy
different ecological niches. So common is bthe ocecurrence of these related

sympatric genera that it is possible to sccept as & general principle that

throughout the avian Ischnocers the nearest alfinities of a genus are usually
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to be found with the other gensra parasitic on the same host orvder (2:211).
Inan attempt to find charseters of phylogenetic importance in the avian

Ischnocera on which to base satisfactory generiec and supragererie classifiea~

tions detailed studies have been made of the head (3) and of certain intermal

organs,

The Head. Symmons (1952, Trans. zool. Soe. Lond. 27:349-436) has
shown the basic fundamental gimularity of the Ischnoeeran head, A study (3)
of the exoskeleton of & large number of forms shows that superimposed on this
bagie simularity ave marny superfieial variastions. Many of the modifications
seem to have taken place on parallel lines in otherwise unrelated groups, and
in many related groups the speciea show all stages from the primitive head to
the highly modified form (3:186). Thus, although in certain genere the head
characters are diasgrostic, in others the wodificaitions of the head seem to be
compavatively recent adsptive not phylogenetic characters (3:165-194). 1In
no cage do the characters of the head alome give an indication of supra-
gereric groupings.

Internal Male Genitalis and Alimentary Camal. A study (in preparation

for the press) of the interml male genitalia of 143 species belonging to 73
genera has been disappointing in regard to finding characters of supragenerie
importance. Only one case, and that not conclusively, suggests a basis for
supragenerie division, but in other cases the characters of the intsrml
genitalia may be of gereric, subgeneric, or speeific value. The gross
rmorphology of the alimentary canal is again similar throughout the Ischnoeera
and the characters give no guidanve for possible supragemerie divisions.

Suprageneric elassifications of the Ischnocera have been attempted by

varicus authors but no satisfactory system as yet evolved, The Ischrnocera
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from mampals {with the exception of Trichophilopterus) can be distinguished

from those on birds and can be included in & separate famlly the Trichodectidae.
The opinion of the present writer, based on the examination of a large number
of specles belonging to all the recognised genera, together with studies of

the gross internal morphology of representative examples, is that all the

gerera of Ischrocera parasitic on birds, together with Trichophilopterus

from the mammals, should be included in the gingle family: TFhilopteridas,
The other large superfamily, the Amblyeerz, has not yet been sufficiently
studled for any decision on its suprapensric classification.

One further diffioulty iri the elageificetion of the Hallophaga, a
dif'fieulty whieh ig, of course, inherent in all clagsifications, bubt perhaps
boeause of the evidernce from the host distribution is more appurent in this
group, ig the impossibility in some cases of showing in a limsar clagsification
the phylogenstiec relationships. It is beld by many systemsatists that classifi~
cation should be based on the relative time of evolution and not on the rate of
evolution and that classification should be based enbtirely on phyl@é;&n&tia
relationships., The well krown case of the birds which are phylogenetieally
nearer Yo the crocodiles than the crocodiles are to the burtles illusitrates
that at the Glage level, at least, this prineiple cannot be followed., Is
it in fact possible to spply 1t at any level? Recent work on the order
Phithiraptera suggests that the suborder Anoplura (sucking lice) diverged
from the mammal Ischnogera {suborder Nallophaga, chewing llce) after these
had separated from the avian Ischnocera and had becone established on mampmals,

Anroplera. o R
wem—seeus folloved a rapld morphdlogical chenge in adeptation

and whaore the




to the bloodesueking habit (5). Thie implies, thevefore, that the Ischnocera
of memmals, which retained their more primitive chewing habits and, therefore,
changed lesg, ave in fack, more ale.%ly related to the Anoplure than to the
other superfamily of the Mallophaga, the Amblyeera and o all the Mallophaga

of birds {see fig. below). Thus, the present division of the order into the

suborder Maliophage for the chewing lice and the Anoplura for the sucking lice

is phylogenstically incorvect (1:279).
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fig. 3) must have happered at all levels continually in all groups.




T4 is appavent that in such casesg s strict adherences Ho belleved phylogenstic
relationships would produce a completely unusable elasgification. The gemus
which is mainly a subjective conceph, can be used as & comwvenient grouplng of

morphologically similer gpecies ol a common phylogenetic origin, but that whers

bhe phylogenetic history has produced subgroups morphologleslly difierent fvom

baexr nearest related groups bthese wmorphologicel differences must be recognised

by different generic names (3:174).

In the great majority of cases the

Liophage of
related hosbs are themselves related is frue, evidence that the Hallophaga
parasitized birds at an early stage of the svolubion of the latter class.

The lice living in a relatively constsnt enviroment have diverged to & lesser
sxtent than their hosts, this belng veflected in the many cases of & gems of
Mallophags being restricted to an order of birds (1:281, table 1). Hense, it
ean be sgeepted that, in general, the distribution of the Mallephage cen help

the @iaczﬁatzaa of the correct systemstic posibion of & bird (ses ros. 6;8=k,

7, 6, 9, 10). 1t is rvare to find evidence on the relatlonship between host

orders from a distributicn of their ¥Mallophagan parasibes {2:211), bub within
orders such relebionships ave the ruls., However, therve are gases of

ancmalous distribution of both genera and specles of parasite indleating thati

the phylogenetie relationships of the Mallophage canmct be used sg infallible

gvidence of the phylogerstic velabionshipsof thelr hosts, Some ol bhese

cases are iilustrated by specially devised charbs (11:442) which show host
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