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Temporal Lags and Overlap in the Diversification of
Weevils and Flowering Plants: Recent Advances and

Prospects for Additional Resolution
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Weevils (superfamily Curculionoidea) are by all accounts
unusually successful. There are ~62,OOO described extant
species in 7 families1 and ~5,800 genera. However; most

weevil species remain undescribed (Oberprieler et aI., 2007). More
than 80% of weevil species belong to the family Curculionidae
(Anderson, 1995). Weevils collectively feed on nearly all kinds of
plants and plant parts, but most living species are specialist herbi-
vores on angiosperms (flowering plants). All living weevil families
are known from the Cretaceous fossil record (Oberprieler et aI.,
2007). The earliest unequivocal fossil weevils, representatives of
the family Nemonychidae, appear in the Late Jurassic (Gratshev &

Zherikhin, 2003). These early weevils probably developed in the
reproductive structures of gymnosperms, most likely conifers or
cycads (Kuschel, 1983; Farrell, 1998; McKenna et aI., 2009). Host
shifts to angiosperms have been shown to be associated with in-
creased taxonomic diversity in weevils (Farrell, 1998). However,
until recently. the role of angiosperms in weevil macroevolution was
difficult to interpret due to the lack of a well-resolved higher-level
phylogeny and corresponding methodologically robust molecular
timetree for weevils.

McKenna etal. (2009) presented a large-scale molecular phylog-
eny and timetree for weevils based on ~8 kilo bases of ONA sequence
data from six genes (185,285, arginine kinase, elongation factor i-a,
cytochrome oxidase I, and 165). These data were obtained from a
sample of 135 weevil genera representing all families and subfami-
lies and most major tribes of the family Curculionidae. Outgroups
included exemplars from seven subfamilies of Chrysomeloidea (the
weevil sister group) (Farrell, 1998; Marvaldi et aI., 2009), and the
rather more distantly related cucujoid Ericmodes sylvaticus (Philippi)
(Protocucujidae). Node ages estimated from combined analyses of
molecular and fossil data were consistent with diversification of
weevils into most extant families on gymnosperms in the Jurassic,
and colonization of early crown-group angiosperms during the sub-
sequent Early Cretaceous. Massive diversification of angiosperm-as-

'This paper follows the classification of Oberprieler et al. (2007); however, recent
authors have recognized from 6-22 families, and from 10-100 subfamilies (Alonso-
Zarazaga & Lyal, 1999).

sociated weevils appears to have started in the mid-Cretaceous when
angiosperms first rose to widespread floristic dominance (Lidgard
& Crane, 1988, 1990; Crane et aI., 1995).

While considerable progress has been made in clarifying weevil
relationships and the role of angiosperms in weevil macroevolution
(e.g., Farrell, 1998; Marvaldi et aI., 2002; McKenna et aI., 2009),
many questions remain, particularly regarding internal relation-
ships and timing and patterns of diversification in the large and
ecologically diverse family Curculionidae. Nodal support for Curcu-
lionidae in McKenna etal. (2009) was low «50% maximum likeli-
hood bootstrap support (BS); 0.61 Bayesian posterior probability
support (PP)), and Curculionidae, along with its sister group, the
family Brentidae, contained most internodes with low support in
the larger phylogeny of Curculionoidea2,3 The exclusion of lthyceri-
nae and Microcerinae from an otherwise monophyletic but poorly
supported family Brentidae «50% BS; 0.60 PP) and their inclusion
in Curculionidae were in conflict with recent morphological studies
(e.g., Oberprieler et aI., 2007). Similarly, the subfamily Platypodi-
nae was recovered in a position sister to Oryophthorinae «50%
BS; 0.93 PP), a relationship proposed based on larval morphology
(Marvaldi, 1997), but not previously recovered in analyses of mo-
lecular phylogenetic data, which mostly recovered Platypodinae as
a derivative of Scolytinae (e.g., Farrell et aI., 2001).

Ongoing studies in my lab seek to further refine our understand-
ing of relationships and timing and patterns of diversification in
weevils. Current approaches include sampling of ONA sequence data
from additional taxa in Brentidae and Curculionidae, particularly
certain Brentidae: Apioninae and Curculionidae: Brachycerinae, and
supplementation of data missing from the ONA sequence matrix
of McKenna et al. (2009). Maximum likelihood analyses of nascent
matrices resulting from this work show similar or increased BS sup-

'Maximum likelihood BS values ~90% or Bayesian PP values ~0.95 were
considered to constitute strong internodal support, while BS values ~75%
(and <90%) or posterior probability values ~0.80 (and <0.95) were consid-
ered to constitute moderate support.

'McKenna et al. (2009) recovered moderate to strong BS and/ or PP sup-
port for -53% of in group internodes.
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port for internodes across Brentidae and Curculionidae compared
to McKenna et al. (2009). Additionally. the subfamilies Ithycerinae
and Microcerinae are still recovered within Curculionidae (not Bren-
tidae, as in some recent morphological studies), and Platypodinae
is still recovered in a position sister to Dryophthorinae. Sampling of
yet additional curculionid taxa and continued supplementation of
missing data should lend further insight into relationships within
and between subgroups of Curculionidae. However; it will be very
difficult to resolve patterns of diversification in Curculionidae during
the interval of time between the origin of the family and the present
due to the great taxonomic diversity of the family.
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