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POINTS IN QUESTION

Lice and Cospeciation: A Response to Barker

hough historically lice (Insecta: Phthiraptera) and
scientists who have studied them have played a
. minent role in the development of ideas on
peciation and coevolution (Paterson, Gray &
- 1his, 1995), in recent texts on coevolution (e.g.,
oks & McLennan, 1991, 1993; Thompson, 1994)
have been largely ignored (or have suffered the
spnity of being called “mites™). This is despite the
that lice provide the clearest evidence of host—
asite  cospeciation (Hafner & Nadler, 1988;
crson ef al., 1993; Hafner er al., 1994). Barker’s
)4) review of the phylogeny and evolution of host
sciations of lice is therefore welcome and timely.
presents a good overview of higher level louse
cmaltics, and the conditions under which we
bl expect cospeciation or host-switching to
i - lominate. However, in assessing the available
v lence on host-louse cospeciation we believe
I ker has overlooked some important studies, and
1es to an unjustified conclusion based on the
dies he does cite. Furthermore, his review fails to
sp the complexity of the possible phylogenetic
1 ecological relationships between hosts and
rusites.

TESTING THE HYPOTHESIS OF COSPECIATION

ospeciation typical?

Barker (1994: p. 1288) concludes that “Cospecia-
i+n, and subsequent coevolution, undoubtedly occur
i1 are less common than previously thought;
<rtainly they are not the prevailing patterns in the
Phthiraptera.™ Barker cites 3 studies in support of
s claim: Lyal’s (1987) study of 351 trichodectid lice
!: which he estimated that 20.7% of the speciation
v-enis involved host switches: Hafner & Nadler
1:488), whose data require at most 2 host switches
‘ut of 9 speciation events (Page, 1990); and his own
*'udies (Barker, 1991) of 11 species of rock-wallaby
l<¢ for which he found little evidence for cospeci-

| “2on. T is hard to see how Barker arrived at his
“‘Y\C!usion based on these 3 studies, 2 of which show
“ prevalence of cospeciation! Barker (p. 1288) is right
10 bemoan the ready accep of as
4 axiom, but at that same time his conchlslon that

213

cospeciation is not the prevailing pattern contradicts
the very evidence he cites.

Furthermore, Barker overlooks 2 major studies of
louse-host relationships; Kim's (1988) study of
mammalian Anoplura, and Paterson, Gray & Wallis®
(1993) study of lice found on penguins, petrels and
albatrosses. Kim (1988: p. 106) concluded that
Anoplura have a complicated history of iation
with mammals which was initiated by a series of
“erratic” colonizations occurring at different times,
followed by close coevolution with sporadic host
changes.

Paterson et al. (1993, 1995) examined the coevolu-
tionary history of seabirds and their lice. Component
analysis of phylogenies constructed for seabirds and
lice revealed little evidence for host switching in the
evolutionary history of this host-parasite system.
The patiern found was one of multiple louse lincages
present on the ancestral seabird species with occa-
sional episodes of cospeciation and extinction.
Subsequent research using 12S mitochondrial DNA
sequence data for both seabird and louse species has
confirmed that the proposed cospeciation events
occurred relatively concurrently and that the rate of
molecular evolution, unlike morphological evolution,
has been greater in the lice (Paterson & Gray, in
press).

WHAT IS EVIDENCE FOR COSPECIATION?

Farenholz's fallacy

Farenholz’s rule, that host and parasite phylo-
genies should mirror each other, is often viewed as a
cornerstone of cospeciation research. Conversely,
failure to find identical host and parasite phylogenies
is seen as prima facie evid for host switchi
While strict adherence to Farenholz’s rule em-
courages the dismissal of unexpected host records
as due to “stragglers” (Rézsa, 1993) and hence may
lead to underestimates of host-switching, - such
adbcrencecanalsoleadmthenxiveeqmmof
moongm:m host—-parante ‘phylogenies: with. host- -

ofcauses,wchasthcmofnmtﬁpb ,,
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Fig. 1. (a) Clay’s (1949) scenario where 3 hosts, x, v
parasitized by 3 pairs of sympatric lice, al--3, b1-3. Lice in
parentheses are now extinct or unknown (after Clay, 1949
Fig. 4). (b) Cladistic ion of the rel:

between the 6 louse taxa shown in (a). (c) Uadogmm for the
3 extant species of lice. Note that these 3 species imply that
hosts x and z are sister taxa, whereas if we had the
cladogram for all 6 lice (b) we would conclude that x and y

are sister taxa (see text).

host-parasite  phylogenies; host-switching and
multiple lincages. Figure 2a depicts a pair of
incongruent host and parasite phylogenies. The
incongruence may be due to host-switching or the
presence of multiple lineages. By themscives the
cladograms do not allow us to decide between these
explanations although the relative likelihood of
ejther host-switching or multiple lineages and extinc-
tion scenarios may be assessed. A host-switching
explanation for Fig. 2a suggests that the ancestor of
P2 colonized H1 from M2 and displaced the parasite
species (P4) already present on H1 (Fig. 2b). This
scgnario requires 2 ¢volutionary events, one host-
switching event and the extinction of P4. A multiple
lineage explanation suggests that 2 lineages were
present on the ancestral hosts and 3 sorting events
occurred (Fig. 2¢). Which scenario is supported may
be determined by the biology of the host-parasite
system, i.c. how common ar¢ host-switching evenis
relative to sorting evenis?

If we have information on relative time of diver-
gence between the host and parasite species then we
may be able to choose beiween these explanations, In
Fig. 2d this information supports host-switching
(evolutionarily recent parasites colonizing new hosts)
whereas Fig. 2¢ suppotts multiple lineages (the
persistence of relict parasites on their original hosts).
Such information on timing may come from mole-
cular clocks,

A disadvantage of molecular data is that they are
expensive to collect, which places constraints on
sampling taxa, conflicting with the previous require-
ment of exhaustive samples. Pocket gopher lice

R. D. M. Page ¢r al.
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Fig. 2. (a) Incongruent cladograms for hosts and paras: -
with (b) hosl~swnchmg and (¢) multiple lineage
extinction scenarios to explam lhe incongruence. G
the 2 alternative ibl phyt ies consist.t:
with those cladograms; (d) is consistent with host-switch:
whereas (e) is consistent with multiple lineages (see texi)

provide a good illusiration; while a compli
morphology-based phylogeny for all 122 known ta\t
is availabie (Page, Price & Hellenthal, 1995), only !~
lice have been sequenced (Hafner er al., 1994).
Quantitative comparison of host and paras::
phylogenies. Quantifying the similarity between host
and parasite phylogenies makes possible explicit
statistical tests of cospeciation, rather than relyin2
on qualitative Given a of fit
between the 2 trees, i.c. how similar the trees are, the

¢ ibution of that measure can be obtained using
. ilomization methods (e.g., Page. 1995). This
+ nod is used to test the hypothesis of cospeciation,
if host and parasite trees are more similar than
¢ wied by chance then this supports cospeciation.
i 2 main methods for comparing host and parasite
 iogenies are Brooks Parsimony Analysis (BPA;
Brooks & McLennan, 1991; Hoberg, Brooks &
s al-Causey, in press) and component analysis
. . Page, 1995; Paterson & Gray, in press).
‘st transfer experiments. Controlled transfer
sriments have the potential to shed light on the
; uneters governing host-switching. By comparing
survival of lice moved to foreign host taxa
wcrimentals), 1o that of lice moved to new indi-
wls of the normal host (controls), it should be
I sible to identify constraints on natural host-
ching. A nested 2-factor experimental design can
wsed to test the relative roles of host phylogenetic

¥ . .nce and ecological similarity. Do lice do better on

ign hosts thatl are closely related to the normal
_or on hosts that are similar in body size, or some
‘bination of the two? Preferably, such experiments
i1d be conducted under field conditions using
patric host species that vary in ecological traits of
:ntial importance 1o host-specific lice.

SUMMARY

The student who intends working on the Mal-
naga should take warning that he will be tried
ost beyond endurance by the paradoxes and
aplexities which beset his subject but he will also
. in the dual and inter-related aspect of insect and
d, an infinite fascination.” (Rothschild & Clay,

2 pp. 156-157).
The study of host-louse coevolution will benefit
catly from the phylogenetic perspective offered by
ent advances in molecular systematics. However,
order to make best use of phylogenies we need to
i'preciate the complexities of the possible relations
“iween host and parasite phylogeny. At the same
e, the very complexity of louse-host systems has a
«tentially useful consequence; the p e of
*sultiple lineages of lice on the same hosts allow for
plicated tests of coevolutionary hypotheses. For
<rample, if a number of louse clades infest the same
!5t clade but some lice show more cospeciation than
«1hers, we might ask whether there are features of
«use biology that correlate with this difference in
st tracking fidelity. It may further be possible to
+certain the relative importance of these features in
“ological time through controlled transfer experi-
#ents. By beginning to appreciate “the paradoxes
#4d complexities” of host-louse evolution, lice may

offer us not only “infinite fascination” but also a

.
~
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chance to address important questions in coevolu-
tion.
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QUESTION

Lice, Cospeciation and Parasitism

The debate about the evolution of lice (Barker, 1994;
fage Paterson & Clayton, 1995) centres around 2
juestions: what proportion of extant and ancestral
we speciated with their hosts (cospeciated)? and, is
w phylogeny of lice a reliable indicator of the
wylogeny of their hosts? There are 2 main schools of
rught on the ways associations among lice and

“ir hosts have evolved. The first school proposes

it cospeciation is typical for extant and ancestral
i ¢ and that host-switching is uncommon. They
i-zue also that host-switching can be identified by
wapirical tests (e.g., Page, 1990, 1994) and that the
viylogeny of lice then may be used to infer the
“iylogeny of their hosts, hence the name “‘compara-

+¢ parasitologists” (Paterson, Gray & Wallis, 1995).

1is application of louse phylogenies to the systema-

s of their hosts has been advocated and attempted

o over 150 years, for example Jardine (1841, cited
a Hopkins, 1951), and papers cited by Paterson,
tiray & Wallis (1993).

People in the second schoof, like myself, Lyal
1986) and Rozsa (1993) consider that host-switching
»as been more and cospeciation less common than is

zsenerally accepted. We deduce, therefore, that host-
witching has had a profound effect on louse—host
associations since lice evolved from free-living
insects, possibly in the Cretaceous (Lyal, 1985). It
is often difficuit, however, to distinguish with confi-
dence between host-switching and other events that
icad to incongruence of parasite and host phyloge-
nies, for example where there are multiple evolu-
lionary lineages of parasites and some species of
parasites become extinct, despite the existence of
clegant tests to probe these events (Page, 1994).
Thus, the inference of host phylogeny from the
phylogenies of their parasites is likely to be unreli-
abie; therefore, it is better to apply molecular
phylogenetic approaches and cladistic analyses of
morphological and anatomical features directly to
infer the phylogeny of animals. Nevertheless, techni-
ques wh:ch estimate and appomon cospeciation,
host and and that
identify mulLIple lmeagu of parasites (e.g., Page,
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1994) will continue to be used to untangle the often
(invariably in my experience) complicated histories of
associations of parasites and hosts.

T concluded that cospeciation is not the prevailing
pattern for lice and their hosts and that the axiom
that host and lice coevolve should be abandoned
(Barker, 1994). The key to understanding this
conclusion is: what is and what is not a prevailing
pattern? There are 2 parts to the answer. First, the
maximum cospeciation reported in the studies of
Lyal (1987), Hafner & Nadler (1988) and Barker
(1991) is about 76% [157 of 198 (79%) speciation
events reported in Lyal (1987), 6 of 9 (66%) eventsin
Hafner & Nadler (1988) and 3 of 10 (30%) in Barker
(1991); the 3 possible but unlikely cospeciation events
in Barker (1991) are the louse Heterodoxus octo-
seriatus with the rock-wallaby Petrogale p. herberti
(now P. herberti, Eldridge & Close, 1992), H.
maynesi with P. inornata, and H. orarius with ‘P.
godmani). Second, the estimates of cospeciation are
overestimates, at least for the study of Lyal (1987) as
identified by himself, because of the myth of
stragglers and pseudo-cospeciation. The myth of
stragglers is well established (e.g., Lyal, 1986); early
taxonomists often dismissed as “stragglers™ lice from
the “wrong” host because collectors frequently
placed different species of birds and mammals in a
single bag and because of an overzealous adherence
to Fahrenholz’s rule—each species of host was
thought to be infested by only 1 species from each
evolutionary group (e.g., each genus) of lice. Now we
are well aware that lice do move from 1 species
of host to another given the chance. Pseudo-
cospeciation (Hafner & Nadler, 1988) is where a
species of louse switches to a closely related species of
host such as a sister-species. Host-switching of this
kind is very difficult to detect and can easily lead to
errors when the phylogeny of hosts is inferred from :
that of their lice.

Some studies on relationships. between: fice. #nd
hosts were not used in my review. (Barker; 1994).
Kim (1988) on  sucking . lice. {Anoplura) pre
problems which include: (i) lack of W the




polarity of characters states—the author simply
stated that “polarity was determined by examination
of the pattern of character development and by
comparison to an out-group™ the Ischnocera (p. 95),
which incidentally May not have been the best ou(-
group since the Rhyncophthirina is probably the
sister-group of the sucking lice (Lyal, 1985); (ii) the

directions were given 10 produce the phylogenetic
trees or complete “re-analyses™. In any case, Kim
(1988) does not comtain strong evidence for cospe-
ciation of extant and ancestral sucking lice; he stated
that “no direct cladistic concordance was observed

mamm'fllian host cladogram™ (p. 105). Kim (1988)
did claim, however, that when “further resolutions

state simply that the louse phylogeny “was generated
from morphological and life history characters, and
i an  ongoing
study™ and that “characters were drawn from infor-

(p- 524) presumably because all by I of the boot-
strap values was bejow 90%. The methods used by
Paterson er of. (1993) are imercsting, however, and
the phylogenies of the hosts generated using the
presence and absence of species and genera of lice as
characters were more like the host tree than would be

Page er al, ( 1995) list 3 established scenarios which
can result in host apd parasite phylogenies that are
incongruent ang Yet cospeciation may stifl have
occurred. It is ong thing, however, to postulate

ing the boat”, Patersan & Gray, in press), and failure
of people to collect species of parasites, and quite

220 S.C

Barker

another thing to demonstrate that these events too
place! Moreover, the outcome of some of thes
postulates is like the outcome of host-switching: 1h;
S an intrinsic inability to predict accurately
phylogeny of hosts using their parasites ag chara.
ters. It is simpler and more accurate to infer
phylogeny of the hosts direcily,

Three of 11 species of fice, . octoseriatus on 1)
rock-wallaby pP. herberti, H. maynesi on P. inorng,
and A. orarius on p. godmani, infest y single specic
of rock-wallaby predominantly and are found on
on adjacent populations of other species of roc
wallabies (sce Figure 3 in Barker, 1991: Barker .
Close, 1990). 1t is far more complicated, however, .
the other species of lice. At the extreme of th
complexity there are 6 species found in different pai
of the geographic range of P. fa) assimilis (no
P. assimilis, Eldridge & Close. 1992): here it is n.
clear which species was Or were associated original
with P. assimiljs. My favoured explanation for 1)
evolution of host associations of the 11 species of 1]
H. octoseriatus group of lice and rock-wallabi.
involves at least 9 host-switclies where, in each cas
the colonizing louse apparently excluded the origin
louse (Barker, Briscoe & Close, 1992).

Concordance between mitochondzial morphs «
rock-wallabies and the presence of species of lice
limited atmost entirely 1o 2 species of lice and the
hosts, the louse H. ocioseriatus and rock-wallat
P. herberti, and 10 K. maynesi and P. inornar.
Nevertheless, | agree with Page er g/, (1995) that Ji..
of the . ocloseriatus group reflect the complicatc
history of their hosts. My view, however, is that (I
louse-host  associations show a zoogeographic.:
rather than a phylogenetic history of their hos
and that contact between the different species
hosts is identified by lice that have switched hosts

Where | or more species of lice switch hosts 1k
indicates to me that other extam and extinct speci.
in that species &roup may have done the same. Ho:
switching by ancestral species will contribute incon
gruence to the phylogenies of hasts and parasit-
because the descendants of the louse that switche:
hosts are thereafter on the “wrong™ hosts. Cons:
quently, errors may occur when the phylogeny
these hosts is inferred from the phylogeny of the:
lice. Comparative parasitologists, on the other hand
do not seem as troubled by host-switching an«
assume, apparently, that the switches are isolatcu
incidents and therefore that the remaining lice anc
host they infest have cospeciated (e.g., Page, 1990)

The frequency of host-swilching in nature relate
to the availability of suitable, alternative hosts and
where lice do not cocounter such hosts then no
switch can occur, Where speeies.. of hosts arc
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sfopatric (like most of the pocket gophers) oppor-
I nities for host-swiiching do not exist normatlty,
Cospeciation between species of host and lice that are
«lopatric, therefore, is not remarkable; it is not a
> ecial feature of parasitism.

Competitive exclusion may preclude many host
~witches and thus it is an important factor in studies
<" the evolution of parasite -host associations (Rozsa,
1193). A successful switch of a species of louse to a
1w host could be prevented by competition from
¢ already on that host. The question is whether
~ ecies of lice that do not live together can coexist
» ould a species move onto a host already infested by
« -other species of louse. Choe & Kim (1988) demon-
~ ated that coexisting lice do not exclude one
« other but this is not evidence that other species
w lice, like sister-species that may have similar
4 :hes, can coexist with existing lice should they
veitch to the host. 1 agree with Page er qof, (1995)
4t rigorous tests of competition involve experi-
i nts; however, it is only recently that the idea that
v mpetition among species of lice may promote
< speciation has been considered worthy of atten-
U,

t support the 6-point proposal of Page et al. (1995)
it tests of cospeciation but make 2 comments. First,
< Zurate alpha-level taxonomy of host and parasites
+ indeed vital if the evolution of lice and their hosts
i o be interpreted accurately. Multivariate analyses
. morphological featyres may help (e.g., Hellenthal
& Price, 1980) but genetics has proven instructive
¢ -0 (e.g., Hafner & Nadler, 1988; Barker et al.,
! #1). There are cases where analyses of morphology
4> not allow closely related species to be distin-
¢ ushed, whereas genetic studies should always allow
< iferent species 10 be distinguished if sufficient genes
« ¢ studied. Second, the elegant methods developed
" Page can overestimate cospeciation where host-
r+tching has occurred among sister-species of hosts
4.‘\cudo-cospeciation). This is more likely than
“wiiching between more distantly related hosts
Fecanse sister-species of hosts can have geographic
Untributions that are adjacent to one another and
‘ner-species of hosts may be similar biologically for
“rample, have similar fur, feathers and skin.

Finally, | emphasise that lice should be collected
‘“Mprehensively from their hosts. Most collections
1 lice are incomplete and their hosts have not been
“amined from large parts (often most) of their
teographic ranges. Comprehensive collections ajlow
'eal comparisons and robust conclusions about the
sociations and evolution of lice and their hosts.
Studies on comprehensive collections should lead to
fewer ad poc arguments for species which have not

discovered (e.g., Page, 1990). .

Is cospeciation typical for extant and ancestral
lice? The people that study lice will contiftue to
evolve the answer.

STEPHEN C. BARKER,

Department of Parasitology and Centre for
Molecular & Cellular Biology,

The University of Queensland,

Brisbane 4072,

Australia,
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POINTS IN QUESTION

More “Misconceptions” About the
Measurement of Aggregation

I commented on the paper by R. Poulin on
sgregated parasite distributions (fnternational Jour-
al for Parasitology 1993, 23: 937.-944) in Interna-
onal Journal for Parasitology 1994, 24: 919-920. Dr

toulin kindly took the effort to reply (fmternational
wrnal for Parasitology 1995, 25: 863-864). How-

‘cr, it scems to me that most points brought forward
1: my comment were not really resolved in his reply or

were regarded as not important. The 2 most out-
anding points in my view will be addressed here in
i ore detail than in my earlier comments.
First, 1 argoed that the index of discrepancy (D) as
oposed by Poulin does not present a new fook at
wasite aggregation. The definition of aggregation
t1s not changed, has it? 1 argued further that
« .pressing degree of aggregation as some proportion
+ the total parasite population harboured by some
{ oportion of the host population is essentially the
- me as the index D. Poulin states that such a measure
-.rely will correlate with the index D, but only within
- certain range of aggregations. That indeed is true to
~me extent, but does not change the fact that both
#icasures are essentially the same. Let me illustrate
itis using Fig. 2 of Poulin’s original paper, here
wdrawn in Fig. 1 with 3 different artificial host-
narasite distributions. Before going on it is important
‘o state 2 conditions applying to Fig. 1: (1) for each
*alue of D there exists only one unique line between
the points [0, 0] and [1, 1]; and (2) the lines for all
possible values for D have only 2 points in common,
namely [0, 0] and [1, 1], so that between these points
20 line intersects with another line which makes each
»int on a line as unique as the line itself. 1 think
Poulin will agree, since he stated in his original paper:
“The more concave the curve, the greater the degree
' aggregation”. These conditions result in that each
foint on a line (except {0, 0] and [1, 1)) uniquely
nelongs to the value for D calculated from the areas
defined by that same line. Thus, expressing degree of
aggregation as some proportion of the total parasite
Population harboured by some proportion of the host
population is essentially the same as expressing it by
the index D. The problem Poulin referred to arises

selected fixed proportion of hosts is set at 0.8, any
parasite distribution for which prevalence is 20% or
less cannot be discriminated any longer by the
proportion of parasites harboured by 80% of the
hosts since that proportion will be zero (see Fig. 1).
However, this problem can be simply circumvented
by choosing another proportion of hosts at which to
look at. Alternatively, we can choose a fixed propor-
tion of the parasite population and find out what
proportion of the hosts belongs to it (in Fig. 1 set at
0.2 on the vertical axis). Another alternative is to
draw the diagonal from [0, 1] to [1, 0] and ook at the
intersects (in Fig. 1 identified by the closed circles).
Admitted, D is more elegant since it expresses degree
of aggregation in a single value, whereas expressing it
in proportions of hosts and parasites requires 2
values. None the less, both measures uniquely belong
to one and the same line and therefore can be used
interchangeably, provided of course that the above
stated conditions do apply and that they are not fruits
of my vivid imagination.

A related point to the above is Poulin’s statement
that the index D is a more adequate measure of
aggregation than other measures, among them the
coefficient k in the negative binomial distribution. He
found a negative correlation (r) of —0.744 between k
and D, and concluded that “they probably quantify
related things™. This leaves room for assuming that D
partly measures something else than k. I wonder
whether that’s the case. Knowing that the range of
possible values for D has an upper boundary (unity)
as opposed to the range of possible values for k, it
might be suspected that the relationship between k
and D is nonlinear. If you plot D against k, it becomes
clear that the relati ip is indeed nonli . So, the
correl Poulin p d is misleadingly low. If
you take a simple natural logarithmic transformation
for k, the correlation between k and D already
becomes ~0.897. The remaining unexplained varia-
bility between the 2 parameters may well be
accounted for by the fact that I is calculated from -
the observed frequency distribution, whereis i
coefficient from: a fitted negative t




