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opportunity for reciprocal evolutionary in-
fluence, though it could also persist in the
absence thereof (Brooks, 1979). To estimate
the frequency of coevolution sensu stricto
(Futuyma and Slatkin, 1983), it is therefore
useful to measure and explain the frequency
of long-continued interaction.

Second, if hosts and parasites have di-
versified synchronously, then irrespective
of whether there has been coevolution sensu
stricto, contemporary host use patterns may
be better predicted by the sequence of host
origins than by current “optimality” con-
siderations. For example, the aphids, like
many relatively old phytophagous insect
clades, are primitively associated with rel-
atively old, woody plant groups (Zwolfer,
1978). But the latter are not intrinsically
better hosts for aphids than more recent,
herbaceous hosts, which in fact support
spectacular, recent aphid radiations (Mo-
ran, 1988). The pattern seems explainable
only by the broadly synchronous evolution
of insects and land plants: primitive aphids
retain host use patterns developed when
herbaceous plants were largely unavailable.

As has long been recognized, coordinate
host/parasite diversification should be de-
tectable as correspondence between parasite
and host classifications (review in Mitter
and Brooks, 1983). Recent re-examination
of earlier ideas on host/parasite evolution
has cast strong doubt on several classical
parasitological ‘“‘rules” (e.g., Stone and
Hawksworth, 1986), but cladogenesis in
concert with the hosts, as evidenced by con-
cordance of parasite and host phylogenies,
may be common in some groups of obligate
animal parasites (Timm, 1983; Hafner and
Nadler, 1988; review in Brooks, 1988; but
see Lyal, 1986; Beveridge, 1986).

An emerging view of phytophagous in-
sects, on the other hand, relegates parallel
diversification and any form of close coevo-
lution to a minor role (Jermy, 1976, 1984).
Field observations suggest that intense re-
ciprocal selection between insects and plants
is rare and transient (Strong et al., 1984).
Furthermore, the taxonomic disparity
among the hostplants used by many indi-
vidual and/or closely related groups of in-
sect phytophages suggests that these hosts
were colonized entirely subsequent to their
differentiation (Futuyma, 1983, 1986). For
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example, while individual species of Rhago-
letis fruit flies are host-specific, collectively
this single genus ranges broadly across the
seed plants (Berlocher and Bush, 1982). The
hypothesis that Rhagoletis diversified in
concert with its hosts would require that this
tephritid genus be virtually as old as the
angiosperms. Rhagoletis, however, seems to
have arisen during the Miocene (Late Ter-
tiary), as evidenced by interspecific genetic
distances. Moreover, comparisons of Rha-
goletis and host phylogenies show no cor-
respondence (Berlocher and Bush, 1982).
Many groups of phytophagous insects,
however, are restricted to a narrow set of
host taxa. It is widely agreed that such
strongly specific associations are the most
likely candidates for parallel diversification
and hence for long-term, pairwise coevo-
lution (Zwolfer and Herbst, 1988). Reso-
lution of the issue, therefore, will require
phylogenies for a representative set of high-
ly specific associations. However, few stud-
ies exist, and none of the maximally specific
associations have been examined. The lim-
ited systematic evidence on heliconiine but-
terflies and their passifloraceous hostplants
(Benson et al., 1975; Brown, 1981) suggests
that the radiations of these groups have been
largely asynchronous (Mitter and Brooks,
1983). The phylogeny of host affiliations
among the tribes of papilionid butterflies
likewise seems to show little conformity to
either the plant classification or the se-
quence of origin of their host families, al-
though plant ages were not included in the
analysis (Miller, 1987). Humphries et al.,
(1986) report no correspondence between
phylogeny estimates for southern beeches
(Nothofagus) and their heterobathmiid moth

. herbivores and only weak correspondence

to the phylogeny of their eriococcid scale
associates. However, there seems to be some
correspondence both between the phyloge-
ny of the tribes of cynaroid composites and
that of their internal-feeding Larinus weevil
associates as well as between their respec-
tive ages (Zwolfer and Herbst, 1988; Zwol-
fer, pers. comm.). The phylogeny of the en-
dophagous cecidomyiid genus Semudobia
also shows some correspondence with that
of the tribes of its Betula hosts (Roskam,
1985).

We present here an analysis of the asso-
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ciation between the chrysomelid beetle ge-
nus Phyllobrotica and its lamialean host-
plants (mainly the genus Scutellaria),
comparing phylogeny estimates drawn from
recent revisionary work for each. Each beetle
species feeds on a single host species in both
larval and adult stages; the larvae are en-
dophagous; and the hostplant group shares
a distinctive, “toxic” secondary chemistry,
which might be important in the beetles’
defense from predators. Apart from a single
moth species (affiliated with S. lateriflora:
Covell, 1984), these beetles are the only
known Scutellaria herbivores, and may of-
ten virtually destroy the seedcrop (Farrell,
1985). The intimacy of this association
makes it an especially likely candidate for
parallel insect/plant diversification.

Systematics and Natural History of
Phyllobrotica

The Holarctic genus Phyllobrotica be-
longs to the tribe Luperini, subfamily Gal-
erucinae, of the family Chrysomelidae, the
leaf beetles. Larvae in this tribe are strictly
root feeders, a habit characteristic of 20—
25% of the some 40,000 leaf beetle species
(Jolivet, 1988).

Phyllobrotica is a distinctive monophy-
letic group, characterized by the completely
obliterated elytral epipleuron and reduction
of the abdominal sternal processes. The ge-
nus comprises two subgenera, the holarctic-
ally distributed Phyllobrotica and the west-
ern North American Stachysivora.

The taxonomy, biogeography and natural
history of the monophyletic subgenus Phyi-
lobrotica have been reviewed in detail by
Farrell (1985, in prep.) from which the fol-
lowing brief account, summarized in Table
1, is extracted. There are 13 North Amer-
ican and 4 Eurasian species. With one ex-
ception, the nine species whose hostplants
are known feed on the genus Scutellaria (the
skullcaps), mostly perennial herbs, of the
family Lamiaceae (the mints). Phyllobrotica
larvae attack the roots, while the adults,
whose emergence coincides with hostplant
flowering, eat both leaves and reproductive
parts. At several localities in the eastern
United States, the characteristic damage of
adult Phyllobrotica often approaches com-
plete destruction of the seedcrop (Farrell,
1985). These beetles are the only obvious
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TABLE 1. Morphological characters of Phyllobrotica
and outgroup Hoplasoma, used to infer beetle phylog-
eny. Character state codes reflect presumed transfor-
mation series (0 = plesiomorphic; 1, 2, 3 or 4 = apo-
morphic).

Head:
1. Vertex color: black (0); flavous (1)
2. Male, frons inflation: as in female (0); pronounced
(1)
3. Male, ocular diameter as in female (0); enlarged
(1)
4. Distal maxillary palpomere shape: obconical (0);
ovoid (1)
5. Male, scape inflation: as in female (0); moderate
(1); pronounced (2)
6. Male, flagellar shape: filiform (0); incrassate, cy-
lindrical (1); very incrassate, laterally compressed
2)
Pronotum:

7. Topology: convex (0); bifoveate (1); transversely
impressed (2)
Elytra:
8. Integument: smooth (0); coarsely punctate (1)
9. Color pattern: maculate (0); vittate (1); bivittate
2)
10. Epipleuron: present entire length (0); reduced to
basal half (1); obsolete (2)

Abdomen:

11. Color: black (0); piceous (1); flavous (2)

12. Male, pubescence: dense (0); sparse (1)

13. Male, lateral setae: present (0); absent (1)

14. Male, sum of lengths of sterna 2, 3, 4: > sternum
five (0); < sternum five (1)

15. Male, sternum five impression: broad, shallow (0);
narrow, shallow (1); broad, cupuliform (2); small,
cupuliform (3)

16. Male, apical lobe shape: rectangular (0); triangular
1)

17. Male, sternae: with paired appendages (0); ap-
pendages reduced (1); lost (2)

Legs:

18. Male metatrochanter shape: as in female (0);
spurred (1); lobed (2)

19. Male metatibia' straight (0); sinuate (1); arcuate
2

20. Breadth of'tarsal ungues: > 0.75 x length ultimate
tarsomere (0); < 0.5 x length ultimate tarsomere
(1)

Aedeagus:

21. Apical lobe length: > 2 x base (0); < 2 x base
1)

22. Form: straight (0); arcuate (1)

23. Apex shape: bifid (0); fused (1); truncate (2); acute
3

24. Apical orifice position: subapical (0); apical (1)

25. Internal sac: base partly spiculate (0); base evenly
granulate (1)




