


Silk investment.—All the measurement results are summa-
rized in Table 1 and correspond only to spiders that did not
abandon the acrylic boxes in the 21-day U treatment period.
The different feeding regimes do not alter the measured
parameters of the web of M. rogenhoferi (n 5 4 for all tests).
Neither the linear cumulative silk investment (t 5 2.017; P 5

0.137) as in mean thread investment per web (t 5 20.100; P 5

0.926), nor the web reconstruction area (t 5 22.906; P 5

0.062), total web area (t 5 20.567; P 5 0.610), adhesive
thread density (t 5 2.390; P 5 0.097), or the frequency of web
reconstruction (Z 5 1.604; P 5 0.109) change with diet. In
contrast, Z. geniculata (n 5 14 for all tests) reduced silk

investment, diminishing the linear adhesive thread cumulative
investment (t 5 5.806; P , 0,001) as in mean thread
investment per web (t 5 2.808; P 5 0.015), web reconstruction
area (t 5 2.794; P 5 0.015), total area (t 5 26.580; P ,

0.001), and the frequency of web reconstruction (Z 5 3.296; P
5 0.001) without altering adhesive thread density (t 5 20.575;
P 5 0.575).

Species differ in most web parameters (n 5 18 for all tests).
Fed M. rogenhoferi reconstructed larger portions of their webs
(reconstruction area: t 5 5.157; P , 0.001) and invested more
adhesive silk in terms of mean spiral length per web (t 5 3.947;
P 5 0.001) than did Z. geniculata, although the total web area

Figure 2.—Permanence probability curves obtained with the Kaplan-Meier Procedure from survival analysis statistics. Upper bars shows the
periods used in the comparative statistical analysis.

Table 1.—Web measurements and reconstruction frequencies from M. rogenhoferi and Z. geniculata (mean and standard deviation) of
individuals after 21 days on the Fed and the Unfed periods.

Species Measurements

Fed Unfed

Mean SD Mean SD

Metazygia
rogenhoferi

reconstruction frequency 8 2.99 6 1.26
cumulative capture spiral length (cm) 5206.93 2584.64 3774.47 1535.07
capture spiral length (cm/web) 718.92 143.81 655.47 112.24
reconstructed area (cm2) 272.64 66.77 315.51 79.34
total web area (cm2) 388.50 106.39 414.89 80.43
threads density (cm/cm2) 2.33 0.38 2.11 0.17

Zosis geniculata reconstruction frequency 6 1.91 2 1.10
cumulative capture spiral length (cm) 2278.17 1311.88 424.26 317.29
capture spiral length (cm/web) 333.08 130.17 188.05 134.73
reconstructed area (cm2) 120.54 42.31 73.16 49.30
total web area (cm2) 304.30 112.13 445.54 137.89
threads density (cm/cm2) 2.77 0.61 2.89 0.82
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(t 5 1.122; P 5 0.278), cumulative linear investment (t 5

2.295; df 5 3,5; P 5 0.094*), adhesive thread density (t 5

21.077; P 5 0.298) and the frequency of reconstructions (Z 5

1,076; P 5 0.327) is similar between species. Unfed M.
rogenhoferi also reconstructed larger portions of their webs
than did Z. geniculata (reconstruction area: t 5 7.700; P ,

0.001) although the total web area is again similar between
species (t 5 20.457; P 5 0.653). Metazygia rogenhoferi
invested more adhesive silk in terms of cumulative linear
investment (t 5 4.880; df 5 3,1; P 5 0.016*) and mean spiral
length per web (t 5 6.077; P , 0.001) than did Z. geniculata.
Metazygia rogenhoferi produced a slightly denser mesh of
adhesive threads (t 5 22.165; P 5 0.046) than that of Z.
geniculata, but the P-value could be less or even not significant
if we had a greater sample.

DISCUSSION

Web site tenacity.—The cribellate Z. geniculata is more
tenacious than the ecribellate M. rogenhoferi, the former
seeming quite indifferent to changes in diet. On the one hand,
Zosis geniculata began to abandon their webs only after a long
period of starvation, a pattern also observed among other
costly web weavers, such as the ecribellate, giant nephilid
orbweavers (Vollrath 1985; Vollrath & Houston 1986) or some
sheetweb weavers (Janetos 1982, 1986). On the other hand, the
deinopoid clade also presented some web reductions associat-
ed with more mobile species (Lubin 1986). High tenacity seems
thus to be associated with costly webs, independent of the type
of adhesive thread, viscid or otherwise. These results give
support to the hypothesis that the high diversity of Araneoidea
is not simply the result of the discovery and use of viscid
threads. The evolutionary reduction of site tenacity, made
possible after the appearance of a less costly orb web (see
below), could be a mechanism facilitating speciation, because
it allowed a fast and opportunistic exploitation of new
resources that is the ancestral condition promoting orb web
spider high Triassic diversification (Vollrath & Selden 2007).

Silk investment.—In general, M. rogenhoferi is less responsive
to a reduction in diet than Z. geniculata. While the uloborid
species decreases silk investment, the araneid species does not
alter its web investment, at least not in terms of the total length
of silk (we did not test if thickness of threads or amount of glue
changed). The results with M. rogenhoferi contradict previous
studies with ecribellate orb weavers. Sherman (1994) showed
that hungrier Larinioides cornutus (Clerck 1757) (Araneidae)
invest more effort in foraging (web), and Higgins & Buskirk
(1992) showed that Nephila clavipes (L. 1757) (Nephilidae) build
larger orbs during times of decreased prey capture. Nevertheless,
Crews & Opell (2006) found that Cyclosa turbinata (Walckenaer
1842) (Araneidae) does not change the investment in capture silk
length, but progressively decreases its adhesive silk investment
(less hygroscopic compounds) in successive webs built in harsh
unfed conditions. Thus the literature does not present a simple
pattern, probably as a result of the use of different feeding
regimes in the different studies. It is not unreasonable for these
orb weavers to present contradicting responses to different levels
of starvation since it is not unusual to find nonlinear reaction
norms (Schlichting & Pigliucci 1998). Therefore, these contra-
dictory data can be the result of different researchers inspecting
different regions of the same nonlinear reaction norm.

The goal of the present paper, however, was not to compare
cribellate versus ecribellate complete reaction norms, but rather
to test predictions in a more narrow phenotypic space. In this
narrower context, we expected that the more costly webs of the
uloborid would lead to a more conservative strategy, and the
reduction in silk investment is in accord with this prediction.
Zosis geniculata is able to reduce silk investment in response to
reductions in prey number because of the properties of its
adhesive thread. Cribellate silk keeps its adhesiveness longer
than ecribellate silk (Eberhard 1980; Peters 1987; Sherman 1994,
but see Opell & Schwend 2008), so that the web remains
functional for longer periods, and the spider does not need to
fully destroy the previous web in order to reconstruct the next
one. At each reconstruction, the spider destroys only a part of
the old web where it builds the new one; the final trap is a
composition of many successive reconstructions. Eberhard
(1971) observed a similar reconstruction pattern in Uloborus
diversus Marx 1898 (Uloboridae), so it seems that these cribellate
orb weavers handle reductions in prey supply using their longer
lasting capture thread. They can reduce costs by staying at the
same site and keeping the old trap for a longer period, a strategy
that may not work well with the short lasting webs of the
ecribellate orb weavers. In this way, silk investment is tied to web
site tenacity. These cheap viscid orb weavers and wandering
spiders may have had an advantage in relation to their cribellate
counterparts during the spread of new prey resources during the
Neopteran radiation (Vollrath & Selden 2007).

Other considerations.—Bond & Opell (1998) showed that
the Araneoidea clade is statistically more diversified in species
number than its sister group, the Deinopoidea, arguing that it
was due to a key innovation: the invention of the viscid thread.
According to Vollrath & Selden (2007) a flexible behavior lead
to a faster exploration of new resources and the fine
performance adaptations came after. So, we have suggested
that our web site tenacity hypothesis is one possible flexible
behavioral component that drives the orb web spider
evolution followed by ‘‘morphological’’ (web) fine perfor-
mance adaptation.

A recent phylogeny of Nephilidae (57 species, Kuntner et al.
2008) proposes that these spiders could be sister to the
remaining Araneoidea (11199 species, Platnick 2008). Using
the analysis proposed by Slowinski & Guyer (1993), we can see
a clade imbalance, with the ‘‘remaining Araneoidea’’ being
much more speciose than the family Nephilidae (P 5 0.005).
Thus, if this new positioning of Nephilidae proves to be
correct, the greater species richness of Araneoidea would be
associated with a clade within Araneoidea where the viscid
thread is plesiomorphic.

Besides using a viscid thread, nephilids build unusually large
webs. That a nephilid reconstructs only a sector of its web each
time indicates that this web is costly and that it is economizing
(Nentwig & Spiegel 1986). Also, most nephilids build other
costly silken structures that are presumably not recycled
(Kuntner 2006; Kuntner et al. 2008). Probably as a result of
this costly web, these spiders also present high web site
tenacity, even when subjected to a few prey (Vollrath 1985;
Vollrath & Houston 1986).

Our comparison of two species, even ones carefully chosen
to have similar life cycle, size, and web characteristics,
certainly is not sufficient to establish broad trends. However,
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our findings offer small but important experimental support
for a novel hypothesis. Considering all the facts presented, we
suggest that one of the factors driving the diversification of the
Araneoidea clade might be the site tenacity reduction allowed
by the less costly araneids’ viscid webs, a complementary
hypothesis to the widespread evolutionary explanations that
present only the viscid silk performance as the main key
innovation of orb weavers.
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