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We examined the relationship between web architecture, microhabitat utilization, and 
prey capture for fi ve sympatric species of spiders (Araneae: Tetragnathidae: Tetrag-
natha Latreille) in Waikamoi Preserve, East Maui, Hawaiian Islands. We found that 
each species of spider built webs that differed from its congeners in one or more archi-
tectural and microhabitat features, and that each species also differed in the types of 
insect prey they captured. Although the causal mechanisms remain to be tested, we 
suggest that species-specifi c differences in web building behaviors could account for 
the differences found in utilization of prey and microhabitat resources. Furthermore, 
the ability to construct webs with different architectures may be related to the extraor-
dinary diversifi cation of endemic web-building Hawaiian Tetragnatha.

Introduction

The Hawaiian archipelago provides some of 
the most extraordinary examples of adaptive 
radiations, due in part to its extreme isolation 
and the known historical relationships between 
individual islands (Carlquist 1980, Carson & 
Clague 1995, Grant 1998). Founder events 
and geographic isolation between high vol-
canic peaks have resulted in many spectacular 
evolutionary radiations through allopatric spe-
ciation (Kaneshiro & Boake 1987, Simon 1987, 
Wagner & Funk 1995). But, there is growing 
evidence that both natural and sexual selection 
have also played important roles in generating 

the amazing endemic diversity found on the 
Hawaiian Islands, with closely related species 
often diverging greatly from one another in their 
ecologies (Wagner & Funk 1995, Roderick & 
Gillespie 1998).

At least four factors may contribute to diver-
sifi cation of resource use by species within com-
munities (Travisano et al. 1995, Schluter 2000). 
(1) Interspecifi c competition may lead to the evo-
lutionary specialization of organisms or it may 
determine how communities are assembled from 
potential immigrant species (Diamond 1975, 
Schluter 1994, Losos et al. 1998). (2) In a proc-
ess termed divergent natural selection, organisms 
may adapt to different optimal combinations of 
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resource use within habitats regardless of inter-
specifi c interactions per se (Schluter 2000). (3) 
Predation risk can have signifi cant impacts upon 
both historical changes in and the current use of 
resources by lower trophic levels (Lima & Dill 
1990, Spiller & Schoener 1994). (4) Finally, 
chance historical events and clade specifi c fac-
tors may constrain the evolution of community 
structure in unique ways (Gould 1989). Regard-
less of the mechanisms by which ecological 
diversity has arisen, documenting how sympatric 
species differ in resource utilization plays a valu-
able role in understanding the stability and func-
tion of communities (Polis 1994, Polis & Strong 
1996, Tilman 1999).

Spiders are dominant intermediate level 
predators in most terrestrial ecosystems (Foelix 
1996), including Hawaii. In mainland communi-
ties there are over 100 families of spiders that 
display a wide variety of life history strategies 
(Shear 1986, Coddington & Levi 1991) and 
that function both as important regulators of 
arthropod populations and as sources of food 
for higher trophic levels (Foelix 1996, Wise 
1993). In contrast, only 10 families of spiders 
include species endemic to the Hawaiian Islands, 
but these spiders constitute some of the most 
extraordinary examples of evolutionary radia-
tions within the archipelago (Gillespie 1993, 
Gillespie & Croom 1995, Gillespie et al. 1997, 
Roderick & Gillespie 1998, Garb 1999; see also 
Hormiga 2002). The orb-weaving Tetragnatha 
have been particularly well studied and display a 
striking contrast between two separate evolution-
ary lineages (Gillespie 1999). One monophyletic 
clade of “spiny-leg” Tetragnatha has abandoned 
the use of webs in prey capture altogether and 
are now cursorial hunters of terrestrial arthro-
pods (Gillespie 1991), while a second mono-
phyletic radiation has retained the web-building 
habits of their continental ancestors. Within the 
web-building lineage of Tetragnatha, several 
species can often be found within the same 
habitat and these sympatric species tend to be 
each otherʼs closest relatives (Gillespie 1999). 
Yet, it is unknown whether sympatric orb-weav-
ing Tetragnatha differ in their utilization of 
resources, such as microhabitat or prey, or in 
the ways in which they construct webs. Because 
webs act as the interface between spiders and 

their environment, it is likely that architectural 
variation in webs would have an important 
impact upon exploitation of both microhabitat 
and prey by spiders (Shear 1986, Eberhard 1990, 
Blackledge & Wenzel 1999, 2001a). Here, we 
examine the hypothesis that sympatric species 
of spiders will display interspecifi c differences in 
architectures of their orb webs, use of microhabi-
tat, and capture of prey within a community of 
web-building Hawaiian Tetragnatha.

Materials and methods

Natural history of the spiders

The Nature Conservancy of Hawaiiʼs Waikamoi 
Preserve is located on the northern slope of 
Haleakala volcano, East Maui. The 2117 ha. 
preserve ranges in elevation 1300–2600 m and 
is dominated by stands of ʼOʼhia trees (Metro-
sideros polymorpha Gaud.) with an understory 
of ferns (e.g. Sadleria). Our research was 
conducted at two sites within the preserve. 
The high elevation site consisted of approxi-
mately one hectare of mesic forest at 1750 m 
(20°46´N, 156°14´W ). The low elevation mesic 
forest site was the same approximate size at 
1300 m (20°48´N, 156°15´W). Using these two 
sites allowed us to incorporate all of the species 
of Tetragnatha that construct webs within the 
preserve (see below). Because there was no sig-
nifi cant physical barrier between these two sites 
we combined data from the sites. Although this 
approach likely obscured some interesting clinal 
variation, our goal was to determine whether 
there were broad inter-specifi c differences in 
web architectures, use of microhabitat, and prey 
capture so that combining data across both sites 
would only make it more diffi cult to refute a null 
hypothesis of no differences between species. 

There are fi ve broadly sympatric species 
of web-building Tetragnatha within Waikamoi 
preserve (Fig. 1; Gillespie 1992). Three spe-
cies are relatively abundant and comprise the 
dominant component of the nocturnal orb-
weaving spider guild in Waikamoi, Tetragnatha 
eurychasma Gillespie, T. fi liciphilia Gillespie, 
and T. stelarobusta Gillespie (Gillespie 1992). 
Tetragnatha stelarobusta is the largest of these 
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species and is common throughout the preserve. 
Tetragnatha eurychasma is also found through-
out Waikamoi preserve but is most abundant at 
higher elevations. Tetragnatha fi liciphilia occurs 
only at lower elevations within the preserve. In 
some areas these three species overlap in distri-
bution with two relatively rare species, T. acuta 
Gillespie and T. trituberculata Gillespie. Due to 
the rarity of these latter species, we are able to 
include only limited data on them. While no phy-
logenetic study has been conducted that includes 
all fi ve Waikamoi taxa, smaller analyses suggest 
that they are likely quite closely related to one 
another because at least T. fi liciphilia, T. stelaro-
busta, and T. trituberculata form a monophyletic 
clade with respect to other Hawaiian orb-weav-
ing Tetragnatha (Gillespie 1999). Penultimate 
and adult females are easily identifi ed to species 
in the fi eld by differences in shape and color pat-
terns (Gillespie 1992).

Spider web architecture

Tetragnatha are mostly nocturnal spiders. We 
therefore conducted all research at night (pri-
marily 10–22 July 2000 and 8–14 July 2001). 
Because rugged terrain often prevented use of 
more standardized sampling transects, we per-

formed haphazard searches for spiders. During 
each night of searching we collected data on 
every adult and penultimate instar spider located, 
unless its web was suffi ciently damaged to pre-
vent full collection of data. Spiders were col-
lected from webs and the webs were then dusted 
with cornstarch to enhance visibility of silk. We 
photographed webs using either a Sony PC110 
Digital video camera or a Nikon SLR camera 
and ringfl ash. These later photographs were digi-
tized prior to analysis. We measured the vertical 
and horizontal diameters of webs to the nearest 
mm in the fi eld to provide scaling factors. For 
webs at horizontal angles, we designated the 
longest axis as the “vertical diameter”. 

We analyzed web photographs on a Micro-
soft Windows computer using the Scion Image 
program (ported from NIH Image for the Mac-
intosh by Scion Corporation and available on the 
Internet at http://www.scioncorp.com). We deter-
mined four aspects of web architecture (Fig. 2); 
capture areas of webs, numbers of radii, lengths 
of sticky spirals, and mesh widths (spacing 
between rows of sticky silk). Capture area is the 
total area of a web delimited by the inner most 
and outer most spirals of sticky silk (Herberstein 
& Tso 2000, Blackledge & Gillespie 2002) and 
was measured directly. Radii are the non-sticky 
support threads for the sticky spiral, which con-

Fig. 1. Typical orb webs constructed by each 
species of Tetragnatha found within Waikamoi 
Preserve. A = T. acuta, B = T. eurychasma, C 
= T. fi liciphilia, D = T. stelarobusta, and E = T. 
trituberculata. Scale bars ~ 5 cm.
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verge at the centers of webs, and were counted 
directly. Total length of sticky silk in a web was 
estimated using the formula provided by Heiling 
et al. (1998). Average mesh width, or spacing 
between rows of sticky silk, was computed as 
Eq. 1.

               0.5 ¥ [C
u
/(S

u 
– 1) + C

l
/(S

l
 – 1)]         (1)

where C
u
 and C

l
 are the lengths of the upper and 

lower capture areas of webs and S
u
 and S

l
 are the 

numbers of rows of sticky silk in the upper and 
lower capture areas of webs. 

Spider web microhabitat

We measured the microhabitat placement of 
all webs of T. eurychasma, T. fi liciphilia, T. 
stelarobusta, and T. trituberculata located in 
the fi eld during July 2001 (no webs of T. acuta 
were located that year). Because orb webs were 
suspended in three-dimensional spaces, we col-
lected data on the physical parameters defi ning 
how individual spiders utilized that space, rather 
than simply identifying the types of vegetation 
to which webs were attached. Furthermore, 
because webs built by different individuals or 

species were sometimes attached to the same 
plant, even though these webs clearly did not 
occupy the same space in the environment. We 
measured the deviation of webs from a vertical 
angle to the nearest 10° using a protractor and 
plumb level. Height of the web above the ground 
and above the closest vegetation were measured 
to the nearest cm, allowing us to quantify verti-
cal stratifi cation of species. The total length of 
the bridge thread (uppermost support thread 
of the web) was measured to the nearest cm. 
Bridge thread length provided a measure of how 
constrained spiders were by distance between 
substrate attachment points when selecting web 
sites. We also determined the distance to the 
nearest vegetation from the front, back, sides, 
top, and bottom of each web. This allowed us 
to estimate the total volume of open space sur-
rounding webs, quantifying the openness of dif-
ferent web sites, and to determine the minimum 
distance to the vegetation from the fl at surface of 
the orb. Finally, we counted the total number of 
attachments of each web to the substrate and the 
types of vegetation to which webs were attached. 
Collectively, these data provide a summary of 
whether species tended to place webs within 
dense or open vegetation, at different levels 
within the forest, etc (see also Hoffmaster 1985).

Prey capture by spiders

Because Tetragnatha webs are often completely 
destroyed during prey capture, it was impos-
sible to repeatedly observe individual webs for 
captured prey (e.g. Blackledge & Wenzel 1999). 
Instead all spiders found with prey during the 
sampling of web architecture/microhabitat in 
2001 and 2002 were collected (often these spiders 
were consuming prey in the tattered remains of 
webs, but some of these data are from spiders for 
which we also have data on web architecture and 
microhabitat). In addition, we include data col-
lected during a separate study by GJB on venoms 
of Tetragnatha in Waikamoi Preserve (Binford 
2001), which were gathered during June–July 
1994 and May–June 1996 at the same localities. 
We classifi ed prey as belonging to one of four 
broad morphotype categories; (1) tipulid Diptera 
(fl ies) that were gracile bodied with very long 

Fig. 2. Illustration of an orb web showing the architec-
tural features we examined. Capture area is the total 
area of the web covered by the sticky spiral (i.e. delim-
ited by the inner- and outer-most spirals of sticky silk.
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legs, (2) non-nematoceran Diptera (fl ies) with 
stouter bodies and shorter legs, (3) Lepidoptera 
(moths), which were stout bodied and covered 
with scales, and (4) all other prey combined. 

Microhabitat and prey availability

We examined the physical parameters of the 
microhabitat that were available for exploita-
tion by spiders within Waikamoi Preserve. We 
also measured how microhabitat features were 
associated with the availability of the insect 
prey of spiders. We randomly selected 57 sites 
for “artifi cial web” sticky traps on the same days 
and in the same areas where we sampled spiders 
in 2001. Artifi cial webs were randomly located 
25–175 cm above the ground, in randomly 
chosen directions within 0.5 to 1.5 m of another 
web site. For each artifi cial web we measured 
the same set of parameters associated with its 
microhabitat as for real spider webs, except total 
number of attachment points, which could not be 
estimated. We measured the bridge thread length 
as the shortest possible distance between two 
pieces of substrate that could support the artifi -
cial web at its location. Thus, we could charac-
terize the variation in the physical features that 
spiders potentially could use to construct webs. 

Sheets of clear plastic (900 cm2), constructed 
from overhead transparency sheets cut in half 
and coated on both sides with tangle-trap adhe-
sive, were placed at each artifi cial web site (n = 
57). Traps were placed at random angles at the 
same sites and on the same days that webs were 
sampled in 2001 and allowed to capture prey for 
approximately 7 hours (dusk to dawn). Each trap 
and site was used for only a single night and all 
traps were placed between 19:30–20:30. This 
allowed us to determine how individual types 
of prey were associated with variation in micro-
habitat. All insects captured in these artifi cial 
webs were identifi ed to the same morphotypes 
described above.

Data analysis

Data analysis was conducted using Statistica 6.0 
software on a PC computer (Statsoft 2001). We 

used ANOVAs to compare capture area, number 
of radii, length of sticky spiral, and mesh width 
between species. To determine if differences in 
spider sizes alone were responsible for inter-
specifi c variation in web architectures, we used 
a second set of ANOVAs that included carapace 
lengths of spiders as a covariate. We made 
planned post-hoc comparisons between each pair 
of species for each architectural feature using 
Least Signifi cant Differences tests. Although 
included in the graphs, data on T. trituberculata 
were excluded from all statistical tests due to the 
small sample size (n = 3).

Microhabitat use by spiders and microhabitat 
availability data were not normally distributed. 
Therefore, we used Kruskal-Wallis ANOVAs to 
test whether the medians of each microhabitat 
parameter differed between species. We then 
used Kolmogorov-Smirnov tests to compare 
the distributions of each microhabitat parameter 
between all species pairs and between each spe-
cies and our microhabitat availability data (see 
below), using a Bonferroni method correction 
for a global p < 0.05. Because the Bonferroni 
method correction is relatively conservative 
(Sokal & Rohlf 1998), we report pairwise dif-
ferences that are marginally signifi cant (i.e. 
that would have been signifi cant if a total of 
fi ve rather than six pairwise comparisons had 
been made). This methodology was also used to 
compare how microhabitat features varied across 
different types of available prey.

We used G-tests to compare the frequencies 
of morphotypes captured by each pair of species 
of spiders and to compare prey captured by each 
species of spider with the overall prey availabil-
ity estimated from our artifi cial web traps (see 
below). All tests were performed at a global p < 
0.05 using Bonferroni method corrections (Sokal 
and Rohlf 1998).

Results

Spider web architecture

Capture area, sticky spiral length, mesh width, 
and number of radii all varied signifi cantly 
among species (Fig. 3; one-way ANOVA com-
parisons across all species except T. tritubercu-
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lata, df = 4, 84, all p < 0.0001). These differences 
were signifi cant even after we controlled for pos-
sible allometric effects of spider size by includ-
ing carapace lengths of spiders as covariates 
in the ANOVAs (p < 0.05, individual tests not 
shown). Post hoc comparisons revealed that at 
least one pair of species differed signifi cantly for 
each architectural feature examined, at a global p 
< 0.05 (Fig. 3). Tetragnatha stelarobusta and T. 
trituberculata constructed the largest webs, but 
T. stelarobusta used a much longer sticky spiral 
and consequently had a narrower mesh width. 
Tetragnatha fi liciphilia and T. acuta constructed 
the smallest webs but T. acuta constructed webs 
that had wider mesh widths. Tetragnatha eury-
chasma was generally intermediate in its web 
architecture (Fig. 1). 

Spider web microhabitat

We were only able to gather microhabitat data 
for the three dominant species of Tetragnatha 
in Waikamoi Preserve, T. eurychasma, T. fi lici-

philia, and T. stelarobusta (Fig. 4), as well as 
three observations for T. trituberculata. Angles of 
webs, heights of webs above the ground, lengths 
of bridge threads, and minimum distances of 
faces of webs to the vegetation all varied signifi -
cantly between species, but numbers of attach-
ments, heights of webs above vegetation, and 
total volume of open spaces around webs did 
not vary between species (Table 1). There was 
also little differentiation among species in the 

Fig. 3. Variation in web archi-
tecture between fi ve sympatric 
species of Tetragnatha (mean 
± SE). A = T. acuta (n = 12), 
E = T. eurychasma (n = 20), 
F = T. fi liciphilia (n = 27), S = 
T. stelarobusta (n = 27), and T 
= T. trituberculata (n = 3). Let-
ters above each column denote 
signifi cant pair wise differences 
in post-hoc comparisons using 
Least Signifi cant Differences 
tests (p < 0.05). Tetragnatha 
trituberculata was excluded 
from pair-wise comparisons 
due to the small sample size. 
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Table 1. Kruskal-Wallis ANOVA (df = 2) comparisons of 
the microhabitat placement of webs between the three 
dominant species of Tetragnatha within Waikamoi Pre-
serve, East Maui.

Microhabitat feature H p

Height above ground (cm)  9.5 < 0.01
Height above vegetation (cm) 1.3 n.s.
Total openness (m3) 1.4 n.s.
Min. distance to web face (cm) 19.6 < 0.0001
Bridge thread length (cm) 24.9 < 0.0001
Angle from vertical (º)  13.2 < 0.001
Number of attachment points 4.9 n.s.



ANN. ZOOL. FENNICI Vol. 40 • Hawaiian spider communities 299

9

7

5

3N
u

m
b

er
 o

f a
tt

ac
h

m
en

t 
p

o
in

ts

0

1.0

2.0

3.0

O
p

en
es

s 
o

f w
eb

si
te

 (m
3 )

50

100

150

200

H
ei

g
h

t 
ab

ov
e 

g
ro

u
n

d
 (c

m
)

0

50

100

150

H
ei

g
h

t 
ab

ov
e 

ve
g

et
at

io
n

  (
cm

)

0

30

60

90

M
in

im
u

m
 d

is
ta

n
ce

 to
 w

eb
 fa

ce
 (c

m
)

40

20

0

60

80

A
n

g
le

 fr
o

m
 v

er
ti

ca
l (

º)

10

30

B
ri

d
g

e 
th

re
ad

 le
n

g
th

 (c
m

)

50

E F S T E F S TE F S T

E F S T

E F S T E F S T E F S T

F

E, H

H

H

H

HH

H

E

S, H

F F

F, H

E, S, H

F F, E

H

S

S, H H

E, H

F, E, S

types of vegetation to which they attached webs. 
Tetragnatha fi liciphilia tended to build webs that 
were higher above the ground than the other spe-
cies and that were attached closer to the vegeta-
tion with very short bridge threads. Tetragnatha 
fi liciphilia webs also varied greatly from vertical 
to horizontal orientation. Tetragnatha stelaro-
busta constructed mostly vertical webs whose 
faces were oriented toward open spaces in the 
vegetation (Fig. 4). Tetragnatha eurychasma 
built the lowest webs, which were intermediate 
in their openness in the vegetation (Fig. 4). The 
three T. trituberculata webs observed were all 
placed along the sides of tree trunks.

Prey capture by spiders

We collected 151 prey captured by the three 
dominant species in the guild, T. eurychasma, T. 
fi liciphilia, and T. stelarobusta. 70% of captured 
prey could be classifi ed into one of three broad 
morphotype categories; (1) tipulid Diptera, (2) 
non-tipulid Diptera, and (3) Lepidoptera (Fig. 5). 
The distribution of prey captured by each spe-
cies differed signifi cantly from other species and 
from that generally available in the environment 
for all comparisons except T. eurychasma with 
T. fi liciphilia (Fig. 5). Tetragnatha stelarobusta 
captured a much higher proportion of Lepi-

Fig. 4. Variation in microhabitat placement of webs between four sympat-
ric species of Tetragnatha (points denote medians, boxes indicate 25% 
and 75% quartiles, and bars indicate non-outlier maxima/minima). E = 
T. eurychasma (n = 10), F = T. fi liciphilia (n = 20), S = T. stelarobusta 
(n = 17), and T = T. trituberculata (n = 3). H = habitat availability (n = 57) 
estimated from randomly chosen points within Waikamoi Preserve. Bold-
face letters above each column denote signifi cant differences in post-hoc 
comparisons using Komolgorov-Smirnov tests with a Bonferroni correction 
(global p < 0.05). Because this is a highly conservative method we also 
indicate marginally signifi cant comparisons using normal font letters (i.e. 
p-values that would be signifi cant if one less pair was being compared in 
the global analysis). Tetragnatha trituberculata was excluded from pair-
wise comparisons due to the small sample size. 



300 Blackledge et al. • ANN. ZOOL. FENNICI Vol. 40

captured a higher proportion of tipulid Diptera 
than were present in the environment. 

Microhabitat and prey availability

Microhabitat characteristics had a signifi cant 
relationship with the types of prey available 
to spiders (Table 2). Heights of webs, heights 
of webs above the vegetation, and total open-
ness of webs all strongly differed between prey 
morphotypes. Angle and distance to the face of 
the artifi cial web traps also differed between 
prey morphotypes. In particular, small Diptera 
(i.e. non-tipulid taxa) tended to occur lower in 
the forest and closer to vegetation than did other 
prey.

Discussion

The shapes of spider webs directly infl uences 
how spiders utilize microhabitat and prey 
resources (Shear 1986, Eberhard 1990, Black-
ledge & Wenzel 1999, 2001a). We found that 
each species of orb-weaving Tetragnatha in an 
East Maui wet forest ecosystem differed signifi -
cantly from its congeners not only in one or more 
aspects of microhabitat (Fig. 4) and prey cap-
tured (Fig. 5), but also in web architecture (Fig. 
3). However, our study does not test the extent 
to which web architecture plays a causal role in 
species differences in microhabitat or prey cap-

available in habitat (n = 149)

T. eurychasma (n = 61) T. filiciphilia (n = 32)

T. stelarobusta (n = 58)

Lepidoptera Diptera: Tipulidae

Diptera: other Other taxa

Fig. 5. Prey captured by the three dominant Tetrag-
natha species within Waikamoi Preserve, East Maui. 
Captured prey differed signifi cantly from that available 
in the environment and from other species for all com-
parisons except T. fi liciphilia with either T. eurychamsa 
or the environment (G-tests, df = 3, using a Bonferroni 
correction for a global p at least < 0.05). Availability of 
prey in the habitat was assayed using 57 sticky traps 
randomly placed in the same two sites where spiders 
were sampled.

Table 2. Relationship between microhabitat and available prey within Waikamoi Preserve, East Maui.

 Proportion of available prey
 
 Diptera: Tipulidae Diptera: other Lepidoptera Other taxa
Microhabitat feature n = 29 n = 53 n = 23 n = 44

Angle of trap (°)* 10 (0, 80) 60 (36, 80) 10 (0, 60) 36 (0, 70)
Height above ground (cm)**** 104 (76, 140)2 56 (56, 86)1,3,4 81 (74, 114)2,4 130 (86, 145)2,3

Height above vegetation (cm)**** 64 (53, 76)2 36 (15, 46)1 58 (8, 69) 53 (36, 76)2

Bridge thread length (cm) 53 (30, 58) 46 (41, 56) 43 (30, 66) 53 (30, 79)
Total openness (m3) *** 0.85 (0.48, 2.44) 0.52 (0.03, 0.85)4 0.44 (0.11, 1.70) 1.73 (0.48, 2.52)2

Min. distance to web face (cm)* 20 (10, 33)2,4 43 (5, 43)1 23 (20, 43) 43 (20, 91)1

Medians (25%, 75% quartiles). * denotes signifi cance using Kruskal-Wallis ANOVA: * p < 0.05, ** p < 0.01, *** p < 
0.005, **** p < 0.001. Superscripts indicate signifi cant differences in post-hoc comparisons using Komolgorov-Smir-
nov tests with a Bonferroni correction (global p < 0.05). 1 Diptera: Tipulidae, 2 Diptera: other, 3 Lepidoptera, 4 Other 
taxa. Post-hoc comparisons are identical using Mann-Whitney U-tests, except for minimum distance to web face, 
which shows groups 2 and 4 being different.

doptera (moths) than did T. eurychasma and T. 
fi liciphilia. Both T. eurychasma and T. fi liciphilia 
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ture, nor whether those differences have evolved 
due to competitive interactions, divergent selec-
tive pressures, predation risk, or chance effects.

Clearly, microhabitat and prey resources are 
not completely independent of one another and 
we found signifi cant variation in the types of prey 
available to spiders as a function of microhabitat 
(Table 2). Yet, there is little evidence that differ-
ences in prey capture between species of spiders 
were due solely to effects of microhabitat. For 
instance, T. stelarobusta captured predominately 
Lepidoptera while T. eurychasma captured pri-
marily tipulid Diptera (Fig. 5), but there was 
no detectable difference in the microhabitat 
preferences of these two types of prey (Table 2). 
Instead differences in web architectures could 
explain why T. stelarobusta captures moths and 
T. eurychasma captures tipulid fl ies (e.g. Olive 
1981). Moths are particularly challenging prey 
for spiders because their scales prevent moths 
from sticking to webs (Eisner et al. 1964). Thus, 
moth-feeding spiders often build specialized 
“ladder” webs with very large and tight sticky 
spirals that gradually rub off the slippery scales 
(Stowe 1986). Webs built by T. stelarobusta 
were larger and contained at least 100% more 
sticky silk than those of other species, which 
is consistent with the evolutionary elaboration 
of “ladder” web, although T. stelarobusta webs 
do not exhibit the same high degree of web and 
hub asymmetry (Blackledge & Gillespie 2002) 
exhibited by ladder webs. 

Uniqueness of Hawaiian spider guilds

In continental ecosystems, guilds of web-for-
aging spiders are composed of species from 
many genera that are only distantly related to 
one another. These sympatric species differ in 
phenologies, microhabitats of webs (Hoffmaster 
1985), reactions to intercepted prey (Olive 1980), 
and architectures of webs (Eberhard 1990; Wise 
1993), although it is typically unclear what proc-
esses led to the evolution of these differences 
(Wise 1993). Tetragnatha is normally only one 
component of mainland orb-weaving spiders 
guilds, but the genus is worldwide in distribution 
and species are considered to be homogeneous 
in both web architectures and predatory tactics 

(Levi 1981). Also, like other spiders, when mul-
tiple species of Tetragnatha do occur within the 
same habitat, they display strong inter-specifi c 
differences in seasonal abundances and build 
webs within broadly different microhabitats 
(Yoshida 1981, Williams et al. 1995, Aiken & 
Coyle 2000). 

In contrast, communities of nocturnal orb-
weaving spiders in the Hawaiian Islands are 
fi lled exclusively by species from a single 
endemic evolutionary lineage of Tetragnatha, 
with the exception of one additional endemic 
species of Tetragnatha (T. hawaiensis) from 
a possible separate introduction to the islands 
(Gillespie et al. 1994). Furthermore, multiple 
species of orb-weaving Tetragnatha co-occur 
within individual habitats and have overlapping 
phenologies so that different species will con-
struct orb webs within centimeters of one another 
(Gillespie 1992; pers. obs.). This suggests that 
differences in the microhabitat placement of 
webs and in the architectural features of webs 
related to capture of prey might be especially 
important for coexistence of sympatric species 
of Hawaiian Tetragnatha if competition occurs 
between species. However, similar ecological 
differentiation of resource use within guilds 
may also result from divergent natural selection 
where species evolve toward different optimal 
combinations of resource use (Losos 1990, 
Losos & Irschick 1994, Schluter 1994, Schluter 
2000), such as adaptations of web architecture 
that allow exploitation of moths (Stowe 1986), 
or even from predation pressures within habitats 
(Blackledge & Wenzel 1999, 2001b, Blackledge 
et al. 2003). Ultimately, experimental study will 
be necessary to test these hypotheses. 

Behavioral diversifi cation and adaptive 
radiation

In addition to the web-building lineage stud-
ied here, there has been a second evolutionary 
radiation of Tetragnatha across the Hawaiian 
Archipelago by members of the “spiny leg” clade 
(Gillespie 1991). “Spiny leg” Tetragnatha have 
lost the ability to construct webs and now func-
tion as cursorial hunters within the same habitats 
as the web-building Tetragnatha. Rates of spe-
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ciation appear to be much lower in the “spiny 
leg” clade compared to the web-building clade 
(Gillespie & Croom 1995, Gillespie 1999). One 
potential explanation is that sedentary web-build-
ing spiders can subdivide habitats more fi nely 
than cursorial spiders thereby facilitating specia-
tion (Gillespie & Croom 1995, Gillespie 1999). 
However, the diversifi cation of web building 
behaviors that we found within Waikamoi Pre-
serve suggests an alternative or additional expla-
nation for this disparity in speciation rates. Evo-
lution of differences in web architecture could 
facilitate species richness by allowing exploita-
tion of increased diversity of resources, reducing 
competition, or altering risk of predation.

Summary

Our study demonstrates that ecological diver-
sifi cation has occurred within a community of 
closely related endemic Hawaiian spiders, but 
the causal factors of that differentiation remain 
to be addressed. Ecological diversifi cation has 
played an important role in the adaptive radia-
tions of many endemic Hawaiian organisms 
(Wagner and Funk 1995, Roderick and Gillespie 
1998), and this study is the fi rst documentation 
that such diversifi cation has occurred within 
the endemic web-building Tetragnatha. Future 
research should allow us to address questions 
regarding the relationship between community 
structure of these spiders and their evolutionary 
radiation. In particular, has there been a paral-
lel structuring of orb-weaving spider niches 
across different Hawaiian habitats, as has been 
suggested for the non-web building “spiny-leg” 
spiders? Ultimately, such studies will provide 
further insight into the role ecological diversifi -
cation has played in the evolution of the unique 
biota of the Hawaiian Islands.
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