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TESTING ADAPTIVE RADIATION AND KEY INNOVATION HYPOTHESES IN SPIDERS
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Abstract.—We combine statistical and phylogenetic approaches to test the hypothesis that adaptive radiation and key
innovation have contributed to the diversity of the order Araneae. The number of unbalanced araneid clades (those
whose species numbers differ by 90% or more) exceeds the number predicted by a null Markovian model. The current
phylogeny of spider families contains 74 bifurcating nodes, of which 31 are unbalanced. As this is significantly more
than the 14.8 expected unbalanced nodes, some of the diversity within the Araneae can be attributed to some deter-
ministic cause (e.g., adaptive radiation). One of the more highly unbalanced (97%) bifurcations divides the orb-
weaving spiders into the Deinopoidea and the larger Araneoidea. A simple statistical model shows that the inequality
in diversity between the Deinopoidea and the Araneoidea is significant, and that it is associated with the replacement
of primitive cribellar capture thread by viscous adhesive thread and a change from a horizontal to a vertical orb-web
orientation. These changes improve an orb-web’s ability to intercept and retain prey and expand the adaptive zone
that orb-weaving spiders can occupy and are, therefore, considered to be ‘‘key innovations.”
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Adaptive radiation, ‘‘diversification into different ecolog-
ical niches by species derived from a common ancestor”
(Futuyma 1986, p. 32), is commonly invoked to explain dis-
parate diversity patterns, or clade imbalance, among major
animal lineages. The success of a large clade is often attrib-
uted to one or more key innovations unique to that lineage
(e.g., birds: Mayr 1963; plethodontids: Larson et al. 1981;
cichlid fishes: Liem 1973; flowering plants: Sanderson and
Donoghue 1994). Key innovations are thought to be ““critical
new adaptations” (Futuyma 1986, p. 356) that allow a lineage
to enter a new ‘‘adaptive zone’’ (sensu Simpson 1944; i.e.,
the environment is composed of a finite and more or less
clearly delimited set of zones or areas often occupied by a
group of closely related species) and thereby utilize resources
that were previously unavailable (Futuyma 1986). Adaptive
radiation potentially follows a shift in adaptive zone as a
lineage proliferates into the newly available habitat (Guyer
and Slowinski 1993). Although paradigms regarding these
macroevolutionary phenomena may seem intuitive and ap-
pear to be a recurring theme in nature, tests of these hy-
potheses within a scientific framework are difficult.

This study addresses the issues of adaptive radiation and
key innovation within the arachnid order Araneae, the clade
to which all spiders belong. This order is ideal for such an
investigation: it is diverse (> 34,000 species distributed
among 105 families); a family-level phylogeny has been hy-
pothesized (summarized by Coddington and Levi 1991); and
its members occupy a wide range of habitats and vary con-
siderably in morphology, behavior, and physiology. One
group that has attracted considerable attention are the orb-
weaving spiders that compose the Orbiculariae clade. This
large clade can be divided into the Deinopoidea that com-
prises the primitive orb-weavers and the Araneoidea that in-
cludes the “modern’’ orb-weavers. The divergence of these
clades occurred during the early Cretaceous and was marked
by a change in the type of capture thread found in orb-webs
(Coddington 1986¢, 1990b; Selden 1989; Coddington and
Levi 1991; Opell 1997a,b, in press). Deinopoids produced
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dry cribellar capture threads like those found in the less high-
ly organized webs of their ancestors (Fig. 1a), whereas ar-
aneoids replaced these with viscous adhesive capture threads
(Fig. 1b).

Cribellar threads derive their stickiness from thousands of
fine, looped fibrils that are produced by the spigots of a cri-
bellum spinning plate located at the posterior of the spider’s
abdomen. These fibrils form the outer surface of a spider’s
composite cribellar capture threads and are supported inter-
nally by a pair of larger axial fibers produced by flagelliform
glands and spun from spigots on the posterior spinnerets
(Peters 1983, 1984, 1986, 1992; Eberhard 1988; Eberhard
and Pereira 1993; Opell 1990, 1993, 1994a—d, 1995, 1996).
In contrast, the axial fibers of adhesive capture threads (Fig.
1b) are surrounded by a complex chemical solution that is
produced by aggregate glands whose spigots open near those
of the flagelliform glands (Vollrath et al. 1990; Townley et
al. 1991; Vollrath and Tillinghast 1991; Vollrath 1992; Til-
linghast et al. 1993; Foelix 1996). This solution quickly co-
alesces into a series of regularly spaced droplets that owe
their stickiness to internal glycoprotein nodules (Vollrath et
al. 1990; Vollrath and Tillinghast 1991; Tillinghast et al.
1993; Peters 1995). A number of authors (e.g., Craig et al.
1994; Opell 1997b) consider this shift in the type of capture
thread to be one of the causal factors associated with a major
increase in spider species and suggest that it should be re-
garded as a key innovation. But does the large number of
araneoid species represent an adaptive radiation? If so, can
it be objectively ascribed to this putative key innovation?

Possible Key Innovations

Several features that distinguish deinopoid and araneoid
orb-webs may have contributed to the greater diversity of the
latter clade. Compared to cribellar threads produced by spi-
ders of similar size, the adhesive capture threads of araneoids:
(1) reflect less ultraviolet light and are, therefore, less visible
to insects (Craig et al. 1994); (2) achieve their stickiness at
a greater material economy and allow araneoid orb-webs to
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