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The close corresponde; e of(é@\pbsférv betweén the taxonorny
of parasites and their hosts™* has led t6 Fahrenholz’s rule’; which

postulates that- parasites.and their hosts speciate.ii synchrony.
" 'This leads to the prediction that phylogenetic trees of parasités
and their hosts should be topologically identical®*. We report here
‘a tést of this prediction which involves the construction of phy-
logenetic trees for rodents and their ectoparasites using protein
electrophoretic data. We find a high degree of concordance in the
branching patterns of the trees which suggests that there is-a
history of cospeciation in this liost-parasite assemblage. In several
cases where the branching patterns were identical in the host and
parasite phylogeniéé,, the branch lengths were also very similar
which, given the assumptions of molecular clock theory, strongly
suggests that the speciation of these hosts and ectoparasites was
roughly contemporaneous and causally related.

We have performed a direct test of Fahrenholz’s rulé by
comparing independent phylogenies based on biochemical data
for a group of rodents and their ectoparasités. The rodents in
this study include eight species of pocket gophers, representing
three genera in the rodent family Geomyidae; these fossorial
herbivores are usually solitary, and geomyid species are gen-
erally allopatric. The ectoparasites include ten species of chew-
ing lice representinig two genera in the mallophagan family
Trichodectidae. The life cycle of these wingless insects occurs
entirely on the host and includes three principal stages: egg,
nymgh, and adult. Chewing lice have a generation time of ~40

days®, which is roughly one-fifth the generation time of potket

gophers®. Transmission of chewing lice among pockét gophers
is thought to occur only through host-to-host contact’, and the
combination of low parasite vagility and obligate contact-trans-
mission of lice should limit.-opportunities for colonization of
new host species. The absence of widespread transfer of lice
among host species should, in turn, increase the likelihood of
detecting cospeciation in this host-parasite assemblage.

Using standard electrophoretic procedures®, we surveyed 31
protein loci in pocket gophers and 14 loci in chewing lice brushed
from the pelage of the pocket gophers. To ensure that our
electrophoretic survey of lice was not an examination of pocket
gopher proteins contained in the gut of the louse, we compared
protein variation at the ten loci in common to the two surveys.
At all ten loci, hosts and parasites stiowed different elec-
tromorphs and different patterns of variation (Fig. 1). Each data
set was clustered using both cladistic (locus-by-locus™*®) and
phenetic'! procedures; tree topology was unaffected by the
clustering method used. )

The host and parasite trees are topologically identical in all

but three regions (indicated by daggers in Fig. 2). In most cases,’

sister taxa of lice parasitize hosts that are also sister taxa (see
nodes A and F, Fig. 2), and branching sequences above the
species level in the two groups are identical {nodes B-E). The
probability of this level of topological similarity occurring by
chance alone was calculated using the component-replication
method of Nelson and Platnick'?. This method requires equal
numbers of taxa in the trees being compared, making it necessary
for us to reduce the number of taxa in our louse tree. Because
each species of Thomomys hosts two species of lice (Fig. 2),
we first calculated probability levels excluding the two
Thomomydoecus species, wardi and minor. The probability of
chance similarity of the two trees (without wardi and minor)
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Fig. éxample of elect
ptotein loci (isocifrate dehydrogenase-1)'¢ !
gophers and lice. Pocket gopher samples are in lane!

in ldnes 3-5. Allele désignations at locus 1 are liste

iricluded and the two Geomydoecus species (thomorhyus an!
actuosi) excluded, the probability. of chance similarity of th
host and parasite trees was remote (P=0.001). This high,geg Y
of tree matching is consistent with predictions of the cospec
ation hypothesis. . S
The threé host-parasite associations indicated by asterisks ig
Fig. 2 probably result from host switching (lateral transfer) by
lice. In these cases, the phylogenetic history of the louse taxos
does not mirror that of its host, thereby falsifying the cospéc
ation hypothesis for these (and only these) associations, i
important to note that no case of suspected host switchirg
involves. hosts that are geographically disjunct; in each case, (M
geographical range of the colonizer’s current host abuts thal &
the colonizer’s putative aricestral host (that is, the pocket gophd
parasitized by the colonizer’s sister taxon)'?. .
Not only does the cospeciation hypothesis predict sjmll
patterns of speciation in host-parasite assémblages, but it a
predicts that the speciation events were causally related 39
therefore, approximately contemporaneous. Thus, we capl
the cospeciation hypothesis from another perspective {f '_
assume that proteins evolve in a roughly clock-like fashiot
If hosts and parasites are actually speciating in synchrony the
according to the ‘molecular clock’ hypothesis'>1¢, we sho:
expect to see roughly equivalent amounts of protein chang”
associated host and parasite lineages following speciation £
(represented by nodes on phylogenetic trees). Therefore,
consistent with the strict cospeciation model, host and pé g
phylogenies must agree not only in branching pattern; bu!
in branch lengths, which are proportional to amounts 01 P
change in Fig. 2. Estimates of genetic distance, henc® i’
lengths, may be influenced. by the ratio of slow: fast €%
loci surveyed”; in this study, 4 of 31 loci (13%) eXa™/C
pocket gophers, and 2 of 14 loci (14%) surveyed m"’h‘ '
lice, can be classified as fast-evolving'®.
Analogous nodes on the two trees (A-F in Fig. 2) ©F",
hypothesized Cospeciation events in the history of the ‘ 4
blage. Four of these nodes (A, C, D, E) are positiofleq;{
similar genetic distances in the two trees (=4% d,‘ﬁegd o
each case), and we interpret this concordance a8 f““ e
roboration of the cospeciation hypothesis. Speciﬁcally' C
gest that the speciation events represented by n0odes " o
and E were approximately contemporaneous, and tha! o
and parasite lineages involved have accumulawd
differences at equal rates. ;
The dissimilarity between host and parasite g€
at nodes F in Fig. 2 suggests that the speciation evens
ted by these nodes were not contemporaneous (in that

o g
netied‘ 4

was low (»P=0.65). However, when wardi and minor wirg
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Fig. 2 Phenograms of pocket
gopher and louse relationships based
on protein electrophoretic data and

Pocket gophers
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Host-parasite associations Chewing lice

wardi

using Rogers genetic distance
metric'®. Host-parasite associations F

M

are indicated by lines connecting
extant species, with asterisks indicai-
ing probable instances of host
switching. Note that the lousé setzeri
is found on two host species, and -
certain hosts .(talpoides, bottae and
cherriei) harbour two species of lice: ’
in the latter cases, the louse species

minor

“actios!

i

- _ewingi

are usually sympatric on' an
individual pocket gopher. Daggers
identify nodes on the louse tree that
are absent on the pocket gopher tree. .

bursarius

Electrpphotet'ic data were ‘clustered
using UPGMA (ref. 11). The co-
phenetic - correlation coefficient ' is

0.98 for the Orthiogeomys portion of
the pocket gopher tree and 0.97 for
the louse tree. Loci examined® in
pocket gophers were: alcohol déhy-
drogenase, sorbitol dehydrogenase,
lactate  dehydrogenase-1, lactate
dehydrogenase-2, malate  dehy- L

drogenase-1, malate dehydrogenase- 0857 TRy a3 5z
2, malic enzyme, isocitrate dehy-
drogenase-1,  isocitrate dehy- .
drogenase-2, glucose dehydrogenase, glucose-6-phosphate dehydro

Rogers' distance

underwoodi . setzeri B

cherriel cherriel l S B

heterodus costaricensi JA .
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Rogers’ distance

genase, alpha-glycerophosphate dehydrogenase, superoxide dismutase-1,
superoxide dismutase-2, glutamate-oxaloacetate transaminase-1, glutamate-oxaloacetate transaminase-2, Creatine kinase-1, creatine kinase-2
adenylate kinase, 4-methyl-umbelliferyl acetate esterase, peptidase A, peptidase B, peptidase C, leucine aminopeptidase, fumarate hydratase
aconitase-1, aconitase-2, mannose phosphate isomerase, glucose phosphate isomerase, albumin and haemoglobin. Allelé designations at each

»

)

locus (with loci in the sequence listed above) for the eight pocket gopher species are as follows: Thomomys talpoides: C, C, C, A, A, D, D,

&EQ&EQ&E&E&&&&Q&Q&Q&Q&Q&TMM&QQQAAQQ&QCQDQDQ&D

D,B,G,B,D,B,C,F,D,B,C,C, A; Geomys bursarius: E, A, B, A, A, C,C, A CBCCB,CAACC,C, A,F, A, C, A, B, E, C,
A, A, A, A; Orthogeomys hispidus: B, A, B, A, A, B,B,A B, A A B A B C A B B,B,A,E, A, B, A, A, A B, A A, B, A; O. cavator:
A, B,B,AJAA A A A A B A A A B A A, A, A A D, A A A A D, A A A A A; O underwoodi: A, A, B, A, A, A A A A A,
A/B,AA A A A A A A ACGAA, A, A, C A A A ALA; O cherriei: A, A, A/B, A, A, A, A, A, A A A/B A A A A A A A A,
A,B,A, A A A A/B, A A A A, A; O. heterodus: A A A/B A A A A A A A B AAAAAAAAAAA,A, A, A, A/B, A,

A, A, A, A, Loci examined in chewing lice were: malate dehydrogenase, malic enzyme, isocitrate dehydrogenase-1,xanthine dehydrogenase,
superoxide dismutase-1, superoxide dismutase-2, arginine kinase, 4-methyl-umbelliferyl acetate esterase, alpha-naphthyl acetate esterase;
peptidase A, peptidase C, adenosine deaminase, fumarate hydratase and glucose phosphate isomerase. Allele designations at each locus (with
loci in sequence listed above) for the ten louse species are as follows: Thomomydoecus wardi: a,c,b;h,d, b, b,d, d/f, a,d,b,a, h; T. minor:
a,¢,b,g8,¢b,b,d, d/f, a,d,b, a, i; Geomydoecus thomomyus: a,b,a,f b, ab,c dle a,a,c,a,e G actuosi: a,b,d, e 2, a,b,c d/f/g,
3,8,¢ a,f/g; G ewingi:a, b,d d,a,a, b, ¢, d/f, a, b, ¢, a, f; G yucatanensis: a, a, ¢, b, ¢ 8,a,¢,¢/d, b, e d,a c; G panamensis: a, b, c,
¢, ¢ a,a,b,b/c,a,d, a, a, d; G setzeri: a,b,¢c,¢c ¢ a,a,b,a/b,a,ca,a,a; G cherriei: a,b,¢c,b,c,a,a,8,b,a,a, a,b,b; G costaricensis:
a, b

»b,¢,8,¢,a,3,a,b/d, a,a,a,b,b.

in the lice occurred after speciation in their hosts). Thus, the
genetic distance evidence falsifies the cospeciation hypothesis
for these Thomomys- Thomomydoecus associations, and it
dppears that gene flow between louse populations persisted long
dter speciation in their hosts. It is also possible that these
associations result from a kind of host switching in which a
Parasite colonizes a new host that happens to be the sister taxon
of the original host of the parasite. If the colonizer then speciates
on the new host, the resulting arrangement—sister taxa of para-
Sites found on sister taxa of hosts—could be mistaken for co-
Speciation (we term this pseudo-cospeciation). Investigators
“omparing only the branching sequences of host and parasite
phylogenies cannot distinguish between pseudo-cospeciation
and cospeciation in the absence of genetic distance data. )

The use of biochemical genetic evidence to investigate the
®olutionary histories of hosts and theijr parasites allows us to
View coevolution from two perspectives: sequence and timing
of Phylogenesis. Data are gathered independently for hosts and
Parasites, thus avoiding the nagging problem of circularity in
udies of host-parasite coevolution. Patterns of allele-sharing
Teveal the sequence of phylogenetic events in each group, and
“mparisons of genetic distances between associated host and
Parasite lineages provides a single metric to assess the temporal
*tlationship of speciation events in both. Using biochemiical
Methods, we have conducted rigorous tests of the cospeciation

hypothesis in this host-parasite assemblage, and we havé faile.
to falsify it in several cases. We regard this as the stronge:
evidence yet for cospeciation in a host-parasite assemblage.
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