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Summary. A variety of orb-weaving spider species con- 
struct stabilimenta, patterned areas of dense silk, typi- 
cally near the hub of the orb. The adaptive significance 
of this construction, along with associated behaviors 
such as shuttling and vibrating, is much debated. Ari- 
giope argentata on small islands of the Bahamas fre- 
quently possess stabilimenta; we studied 397 individuals 
of this species to investigate possible functions of their 
stabilimenta, paying particular attention to predator-de- 
fense hypotheses. Cruciform stabilimenta were common- 
er in all size classes of spiders than discoid stabilimenta 
or no stabilimentum at all; discoid stabilimenta occurred 
mostly among intermediate size classes. Within the cruci- 
form type, two-segmented stabilimenta were especially 
common among the very smallest spiders. Size of cruci- 
form stabilimenta showed a curvilinear relation to spider 
body length; the fitted curve for "total segment length" 
had a maximum at an intermediate spider length. We 
argue that this relationship (among other phenomena) 
supports an apparently-larger-size hypothesis, whereby 
intermediate-sized spiders in particular appear much 
larger than they actually are. This could discourage pre- 
dators, including those that are gape-limited such as liz- 
ards. We argue that stabilimenta in the smallest spiders, 
in which typically two segments are opposed, so that 
they more or less "line up ", serve as camouflage. When 
disturbed experimentally, spiders with discoid stabili- 
menta shuttle to the opposite side of the centrally located 
stabilimentum. This seems an obvious defensive behav- 
ior and occurs less frequently among spiders with cruci- 
form stabilimenta. Large spiders vibrate more frequently 
than small ones, but no relation exists between vibration 
frequency and stabilimentum type. We argue (see also 
Tolbert 1975) that vibrating behavior, in which the 
spider can become a blur, renders its location more diffi- 
cult to discern and the spider more difficult to grasp, 
rather than increasing apparent size. 

Correspondence to: T.W. Schoener 

Introduction 

The widespread, sometimes very abundant, Neotropical 
spider Argiope argentata frequently has concentrated ar- 
eas of white silk surrounding the hub, collectively known 
as the stabilimentum. Stabilimenta can take several 
forms and occur in a variety of species in the Araneidae 
and Uloboridae (Edmunds 1986). In A. argentata, two 
forms occur: (1) a cruciform (or linear) stabilimentum, 
in which one to four zig-zag segments are arranged ra- 
dially around the hub (Fig. 1 a); and (2) a discoid stabili- 
mentum, in which dense silk is arranged at the hub in 
a circular pattern (in our data 3-33 mm in diameter; 
Fig. I b). Stabilimenta of the first type especially are very 
characteristic, striking features, and understandably 
have become of considerable interest. 

As for many such unusual traits, a number of hypoth- 
eses have been proposed to explain the "function" of 
the stabilimentum, including two that are virtually con- 
tradictory. Edmunds (1986) groups hypotheses into 
three classes (we modify the designation of one of them 
here): 
1. A predator-defense function, whereby the spider-cum- 
stabilimentum resembles some object that is less likely 
to be seen or successfully attacked by predators than 
the spider itself (Hingston 1927; Bristowe 1958; Ewer 
1972; Eberhard 1973; Tolbert 1975; Lubin 1975) 
2. A mechanical function, whereby the stabilimentum 
either (a) supports the spider by virtue of its denser silk, 
perhaps especially important when molting, or (b) is 
used to adjust tension in the web [McCook 1889 (cited 
in Nentwig and Rogg 1988); Simon 1893 (cited in Ed- 
munds 1986); Comstock 1940; Robinson and Robinson 
1970, 1973; Nentwig and Rogg 1988 (but see below)]; 
3. A conspicuousness function, whereby the stabilimen- 
turn by its visibility allows birds to avoid the web, a 
feature mutually beneficial to both the spider and the 
birds (Horton 1980; Eisner and Novicki 1983). 

A fourth hypothesis, somewhat related to 3, was re- 
cently proposed and supported by Craig and Bernard 
(1990): stabilimenta, which reflect ultraviolet light, may 
attract the prey of spiders. 
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mediate size: the largest spiders do no t  need to appear  
larger, and the smallest spiders are physically and per- 
haps energetically prevented f rom having a very large 
stabil imentum. We will also argue that  the ALS funct ion 
cannot  be the entire story. First, a m o n g  cruci form stabi- 
limenta, adding some size to a very small spider might  
bring it within a p reda tor ' s  preferred range o f  prey sizes; 
for  such spiders, concealment  seems a better hypothesis,  
especially as they tend to have only two segments in 
their stabilimenta. 

Similarly, discoid stabil imenta also require explana- 
tion, and we will show that  they are associated with 
a ra ther  s tereotyped behavior  whereby the spider " shu t -  
t les" to the side o f  the orb  away f rom the potential  
predator ,  thus causing the disc to occur between it and 
the predator .  Again,  concea lment  is apparent ly  involved, 
as well as perhaps  direct shielding of  the spider f rom 
attack. 

Fig. 1 A, B. Stabilimentum types in Argiope argentata: A cruciform; 
B discoid 

Within the ca tegory o f  preda tor  defense, conceal- 
ment,  confus ion and an increase in apparen t  size have 
each been suggested as contr ibutory.  In observing Ar- 
giope argentata on very small Bahamian  islands, we were 
especially struck by the third o f  these possibilities for 
the cruc i form stabil imentum. Segments o f  the cruci form 
stabi l imentum appear  as extensions o f  pairs o f  spider 
legs, increasing the apparen t  size o f  the spider (Fig. 1 A;  
see also below). Popula t ion  numbers  o f  A. argentata on 
these islands show a great  deal o f  variat ion that  is related 
to the presence and absence o f  lizards (Schoener and 
Toft  1983; Toft  and Schoener 1983; Schoener 1986). 
Such var iat ion has also been p roduced  experimentally 
(Spiller and Schoener 1988). Lizards are gape-limited 
predators  and occur  in a variety o f  sizes f rom hatchling 
to adult ;  Anolis, especially c o m m o n  in our  s tudy sites, 
achieve m a x i m u m  b o d y  (snout-vent)  lengths o f  about  
50-60 mm, so that  m a n y  o f  the lizards present are quite 
small. All this suggests that  an apparent ly  larger size 
(ALS) might  protect  spiders f rom at tack by lizards, a 
possibility also suggested for a t tack by a r t h ropod  preda-  
tors (Edmunds  1986) and which m ay  apply to other  
kinds o f  predators  as well. However ,  previous evalua- 
tions o f  this hypothesis  tended to emphasize larger sizes 
o f  spiders. We will argue that  a large s tabi l imentum 
would  be especially favored a m o n g  individuals o f  inter- 

Subjects, localities and methods 

Data were gathered in two sessions 3 years apart. 
The purpose of the first session was to determine the relation- 

ship between spider size and stabilimentum characteristics. All indi- 
viduals with orbs (including recognizable males occupying separate 
orbs) on about two-thirds of a larger island (671 m 2 vegetated 
area) and all of a smaller island (216 m 2) were studied; the two 
unnamed islands are near Kemp Cay, central Exumas. The record- 
ing session was conducted on 9 May 1984, and 282 spiders were 
found. The following information was recorded: 
1. Spider body length (cheiicera to posterior abdomen) 
2. Total foreleg length 
3. Type of stabilimentum, if any (categories were "cruciform," 
"discoid," "both cruciform and discoid," and "none") 
4. Maximum diameter of the disc, if present 
5. Number of segments, 1-4, comprising the cruciform stabilimen- 
turn, if present (a continuous arm of the "X"  that crosses the 
hub is counted as two segments) 
6. Size of the cruciform stabilimentum, if present, defined in three 
ways: (a) "maximum distance," which is the larger of the two 
arms of the "X," including the distance (if any) from the inner 
tip of each segment to the center of the hub; (b) "total stabilimen- 
turn extent," which is the sum of the lengths of the two arms 
of the "X," including (as in measure a) the distance (if any) from 
the inner tip of each segment to the center of the hub; and (c) 
"total segment length," which is the sum of the lengths of the 
one to four individual segments. 

The purpose of the second session was to record the kinds 
of defensive behavior exhibited by spiders with various types of 
stabilimenta and of varying sizes. The same two islands were stud- 
ied as in the previous session; all spiders were used on both islands. 
In addition, a third, unnamed island (594 m 2) in Pipe Creek, near 
the others, was also studied; here, mostly larger spiders (>~ 10 mm 
in body length) were observed, so as to gather more data on behav- 
iors of such individuals, differentially rare on the first two islands. 
The session was conducted on 27 May 1987; 115 spiders (not in- 
cluding those used to test the method) were used in analyses below. 
Each spider was slowly approached dorsally with the eraser-tipped 
end of a pencil until a response occurred; sometimes the spider 
was touched lightly before such a reaction. At least five trials were 
performed (or fewer, if the spider left the web, either by dropping 
to the ground or retreating into the vegetation), and the defensive 
behavior was recorded for each trial. A few spiders, used in prelimi- 
nary sessions to establish the method, did not conform to this 
protocol because we deliberately did not carry out a full five trials; 
these are not included in most of the analyses below. In cases 
in which more than five trials were performed on a given individual, 



the first five trials are considered separately from the others (see 
below). Spiders dropping in the first trial were not included in 
analyses. 

Mutually exclusive categories of response behavior are: 
1. "runs," in which the spider flees from the hub to some other 
portion of the web, usually near an edge 
2. "Shuttles," in which the spider slips through the web to the 
opposite side of the hub 
3. "Leaves the web," in which the spider either drops to the ground 
or moves out of the web into the vegetation 
4. "No movement," in which the spider holds its position in the 
web (and occasionally appears to attack the pencil) 

We also recorded whether or not "vibrating" behavior, in 
which the spider shakes the web gently to vigorously (in which 
latter case the spider and adjacent strands become a blur), accom- 
panied the above four categories of behavior. 

Results 

Frequency of stabilimentum types and relation to body size 

For  the 1984 data,  in which all spiders encountered  in 
given areas were recorded,  66.3% had cruci form stabili- 
menta  (this includes incomplete  as well as complete  
structures;  see next section for  breakdown) ,  17.4% had 
discoid stabilimenta, 3.9% had bo th  o f  the previous 
types, and 12.4% had  no stabil imentum. Frequency  o f  
s tabi l imentum type varied with body-size class (Table 1 ; 
X 2 =46.951,  P <  0.001, " b o t h "  excluded). The smallest 
sized spiders (1-2.5 mm) had  most ly  cruci form stabili- 
menta  or  no stabil imentum. Intermediate  sizes (3-5.5 
or  6-9.5 ram) had most ly  cruci form stabil imenta or  dis- 
coid stabil imenta;  percent  spiders with no stabil imenta 
was very low (4-5%).  Largest  sizes ( >  10 mm)  were simi- 
lar to the smallest sizes in having most ly  cruc i form or 
no stabilimenta. The  1987 da ta  gave similar within-size 
propor t ions ,  except tha t  individuals with no stabilimen- 
turn were very rare for the largest size class (2 o f  29). 
The largest spider with a discoid s tabi l imentum was 
12 m m  in b o d y  length, whereas the largest spider in the 
s tudy was 25 mm.  

The 1984 da ta  (but  no t  the 1987 data,  because it dif- 
ferentially included the largest individuals on one island) 
can also be used to cons t ruc t  dis tr ibut ion his tograms 
o f  spider size for  the various s tabi l imentum types (we 
included the ca tegory " b o t h "  in the ca tegory  " d i s c o i d "  
for  this analysis). These (Fig. 2) show that  mos t  discoid 
stabil imenta occur  a m o n g  spiders o f  intermediate or  
somewhat  smaller- than-intermediate  size. Cruc i form or 
no stabil imenta ( " n o n e " )  are found  a m o n g  spiders o f  
all sizes; except for  the smallest size classes, the distribu- 
t ion for  " n o n e "  is relatively uniform.  Pairwise Ko lmo-  
gorov-Smi rnov  two-sample  tests can be used to compare  
the h is tograms o f  Fig. 2 statistically; a two-tai led test 
is used, because the null hypothesis  is no  kind o f  differ- 
ence between the distr ibutions (Siegel 1956). M a x i m u m  
differences in cumulat ive frequencies (D) and unadjus ted  
probabilit ies are:  (1) c ruc i form vs discoid:  D = 0 . 1 4 9 ,  
P = 0 . 2 6 5 ;  (2) c ruc i form vs none :  D = 0 . 2 7 7 ,  P = 0 . 0 2 2 ;  
(3) discoid vs none :  D = 0 . 3 5 5 ,  P = 0 . 0 0 8 .  A sequential 
Bonferroni  adjus tment  (Rice 1989) makes  compar i sons  
2 and 3 significant at  the 5% level. 
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TaSle 1. Frequencies (percent) of stabilimentum types within var- 
ious spider size classes 

Spider length (ram) 

1.0-2.5 3-5.5 6-9.5 > 10 

I984 data n=282 
Percent cruciform 50.0 75.2 60.5 65.3 
Percent discoid 13.9 16.5 28.9 4.1 
Percent both 2.8 3.3 6.6 2.0 
Percent none 33.3 5.0 3.9 28.6 

Total n for 36 121 76 49 
size class 

0.5-2.5 3-5.5 6-9.5 > 10 

1987 data n= 134 
Percent cruciform 56.8 72.1 52.0 79.3 
Percent discoid 5.4 16.3 32.0 6.9 
Percent both 2.7 11.6 16.0 6.9 
Percent none 35.1 0.0 0.0 6.9 

Total n for 37 43 25 29 
size class 
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Fig. 2. Frequency distributions of spider lengths for three stabili- 
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sizes are n= 187 (cruciform), n = 60 (discoid), n= 35 (none) 
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Table 2. Frequencies of spiders within body-size classes with var- 
ious numbers of segments in the cruciform stabilimentum (1984 
data) 

Number of segments (%) 

1 2 3 4 

n for 
body-size 
class 

Body length (mm) 
1-2.5 10.5 84.2 
3-4.5 1.7 48.3 
5-6.5 2.0 22.4 
7-8.5 16.1 12.9 
9 10.5 0.0 25.0 

11-12.5 0.0 60.0 
13-14.5 16.7 0.0 
15-16.5 14.3 28.6 
17-18.5 50.0 0.0 
19-20.5 0.0 100.0 
21-22.5 40.0 0.0 
23-25 0.0 50.0 
All 7.6 35.4 

Stabilimentum type Total number 
Only 
cruci- 
form 13 67 
Both 2 3 
All 15 70 

0.0 
0.0 

14.3 
0.0 
0.0 
0.0 

50.0 
3.0 

0.0 5.3 
1.7 48.3 
0.0 75.5 
9.7 61.3 
0.0 75.0 

40.0 
83.3 
42.9 
50.0 
0.0 

60.0 
0.0 

54.0 

19 
60 
49 
31 
8 
5 
6 
7 
4 
2 
5 
2 

198 

6 101 187 
0 6 11 
6 107 198 

Number of segments in cruciform stabilimenta 

As noted by Robinson and Robinson (1970), the so- 
called cruciform stabilimentum is often not  perfectly cru- 
ciform, lacking one to three of  the four segments charac- 
terizing the complete structure. Table 2 gives total seg- 
ment counts (last row), as well as separate counts for 
only spiders having cruciform stabilimenta (third-to-last 
row), spiders additionally having a disc (second-to-last 
row), and spiders of  varying sizes (other rows). The com- 
monest condition (54% overall) is to have a complete 
stabilimentum; the next commonest (35%) is to have 
two of  the four possible segments. No obvious difference 
in number of  segments exists for spiders with and with- 
out discoid stabilimenta, although sample size for the 
former is small. In contrast, inspection of  the data by 
size class shows that the smallest spiders (1 2.5 ram) al- 
most never have more than two segments (18 of 19) 
and usually have exactly two segments (16 of  19). Four- 
segmented stabilimenta become the modal class for 
spiders 5 10.5 mm, then diminish with spider size (mod- 
erately and erratically, although sample size becomes 
quite small). 

Relation of cruciform stabilimentum size to body size 

Each of  the three measures of stabilimentum size - 
"maximum distance," " to ta l  stabilimentum extent ,"  
and " to ta l  segment length" - is significantly related to 
the independent variable "bo th  length" in simple regres- 
sion (P<0.0001 in all cases; spiders with no stabilimen- 
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Fig. 3. Relation of total segment length to body length, cruciform 
stabilimenta 

turn omitted). However, inspection of plots shows that 
the empirical relation appears curvilinear: stabilimentum 
size increases with body length at a decreasing rate. To 
test for curvilinearity statistically, we performed quadra- 
tic regression, a multiple regression with " b o d y  length" 
and " (body  length) 2'' as independent variables (e.g., 
Sokal and Rohlf 1981). For all three measures of  stabili- 
mentum size, the regression coefficient for "body  
length" is significantly positive and the regression coeffi- 
cient for " (body  length) 2" is significantly negative (P < 
0.0001 in all cases). For the third measure, " to ta l  seg- 
ment length," the fitted curve is quite domed and has 
its maximum at a spider length of  14.9 mm (Fig. 3). In 
contrast, the first measure of  stabilimentum size, "maxi-  
mum distance," has its maximum near the largest spider 
size (23.8 ram), whereas the second measure is intermedi- 
ate, at 18.7 ram. For the third measure we also per- 
formed quadratic regression in which all spiders without 
stabilimenta of any kind (i.e. with the dependent variable 
equal to zero) were included; regression coefficients were 
similar (P<0.0001 for both coefficients). Finally, be- 
cause of  the result that segment number is especially 
small for the smallest spiders, and perhaps for the largest 
spiders (last section), we tried "mean  segment length" 
(measure 3 divided by "number  of  segments") and its 
analogue for measure 2 as dependent variables; this at- 
tempts to eliminate the contribution of segment number 
to the results. Relationships were still very significantly 
curvilinear (all P values<0.0001), although that for 
measure 2 did not decline over any portion of  the plot. 

We considered the possibility that leg length might 
be a better measure of  spider size, or at least a more 
appropriate one for testing the ALS hypothesis, given 
a spider's positioning, than body length. However, de- 
spite the possibility that legs might be differentially bent 
between individuals, the Pearson correlation between leg 
and body length was 0.986, demanding no additional 
analysis. 
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Association of defensive behavior and stabilimentum type 

Excluding cases in which the spider drops at the first 
trial or does not move during the entire session, we com- 
pared the relative frequency of shuttle and run behavior 
for spiders of various stabilimentum types in three ways. 

First, we used the modal type of behavior calculated 
for each individual. Compilations included either (1: 
Table 3 A) only spiders involved in at least five "success- 
ful" trials (i.e. those in which the spider did not leave 

Table 3. Relation of defensive behavior and stabilimentum type. 
Values listed are numbers of individuals. )~2(I) is cruciform vs dis- 
coid; )~2(II) is c ruc i fo rm+none  vs d iscoid+both .  

A. Modal  behavior - excluding spiders that  left the web before 
5 trials and spiders in "prel iminary sessions" 

Stabilimentum type 

Cruciform Discoid Both None 

Shuttle 12 12 2 1 
Run 31 4 3 5 
Shuttle/run 0 0 0 0 
No movement  2 0 0 0 

Z2(I) = 10.717, P=0 .001  ; Z2(II) =9.994, P = 0 . 0 0 2  

B. Modal behavior - including spiders that  left the web before 
5 trials, excluding spiders in "prel iminary sessions" 

Stabilimentum type 

Cruciform Discoid Both None 

Shuttle 14 12 2 1 
Run 54 6 4 8 
Shuttle/run t 0 1 0 
No movement  2 0 0 0 

Z2(I) = 14.327, P < 0.0005 ; Z2(II) = 13.494, P < 0.0005 

C. First observation all spiders 

Stabilimentum type 

Cruciform Discoid Both None 

Shuttle 17 9 3 3 
Run 64 8 6 10 
Shuttle/run 0 0 0 0 
No movement  3 1 0 0 

)~2(I) = 7.360, P = 0.007; Z2(II) = 6.445, P = 0.011 

D. Presence of any shuttling during first five trials - excluding 
spiders that  left the web before 5 trials and spiders in "prel iminary 
sessions" 

Stabilimentum type 

Cruciform Discoid Both None 

Yes 29 14 5 3 
No 16 2 0 3 

Z2(I) = 3.016, P = 0.082; Z2(II) = 5.537, P =  0.012 

the web), in which case the more prevalent of the first 
five responses is considered the modal type, or (2: Tab- 
le 3 B) spiders in (1), plus spiders leaving the web before 
five successful trials could be performed, in which latter 
case the mode is taken over however many trials could 
be applied before the spider departed. In both cases indi- 
viduals with discoid stabilimenta modally shuttled more 
than ran, and vice versa for individuals with cruciform 
stabilimenta. Individuals with no stabilimenta ran most 
frequently of the four stabilimentum types. 

Second, we used response in the first trial only [Tab- 
le 3 C; note this increases sample size, as spiders in "pre- 
liminary sessions" (see Methods) could be used]. Results 
were similar to those for the first measure, except that 
differences were not as strong. 

Third, we classified individuals according to whether 
they ever shuttled during the first five observations or 
never shuttled (Table 3 D). (Only two individuals did not 
shuttle during the first five trials but shuttled later.) For 
all types except spiders without stabilimenta, "ever shut- 
tling" was commoner than "never shuttling." However, 
spiders with discoid stabitimenta had a higher percentage 
"ever shuttling" than those without discoid stabilimen- 
ta .  

Eight 2 x 2 contingency tables were constructed to 
evaluate various aspects of these results statistically. The 
first four contrast spiders with cruciform stabilimenta 
and those with discoid stabilimenta; the second four 
contrast spiders with cruciform or no stabilimenta and 
spiders with discoid or both types of stabilimenta. For 
each of these groups of four, Z 2 values are computed 
from data in Table 3, A-D, first two rows only. Three 
~2 values are significant at or better than the 0.001 level, 
one at the 0.002 level, and three at about the 0.01 level, 
while one has P =  0.08 (all 2-tailed tests). Homogeneity 
is rejected in 7 of 8 comparisons [whether a sequential 
Bonferroni correction for multiple comparisons (Rice 
1989) is applied or not]. Use of G (Sokal and Rohlf 
1981) instead of ~2 gave nearly identical values and did 
not change significance judgments at the 5% level. 

Although spiders with cruciform stabilimenta tended 
to leave the web more frequently during a session, no 
significant relation was found between stabilimentum 
type and this behavior (first type of contrast 72= 2.454, 
P = 0.117; second type of c o n t r a s t  ~2 = 1.096, P = 0.295). 

Bearing in mind that larger spider sizes were differen- 
tially sampled, we can examine the relationship of modal 
behavior (shuttles vs runs; spiders leaving the web in- 
cluded) and spider size by comparing the frequency of 
the two types of behavior separately within each size 
class. We do this only for spiders with cruciform stabili- 
menta, as other stabilimenta classes are much less nu- 
merous (Fig. 4). Running is preponderant over shuttling 
for most sizes, but perhaps especially the largest ones 

- to see this descriptively (not statistically), note propor- 
tions within each size class. To evaluate homogeneity 
within size classes statistically, we split combined data 
at the median spider size (< 5 mm vs > 5 mm) and did 
a 2 x 2 )~2-test (two-tailed). Large spiders had running 
as the modal behavior in 87.1% of individuals, as com- 
pared to 73.0% for small spiders. This gives a )~2 of 
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2.058, not  significant at the 5% level (P=0.151;  note, 
however, that the median size and proportions especially 
within the " l a rge"  category might have been different 
if we had sampled all the spiders present)• We also ob- 
served that, while size classes of spiders with discoid 
stabilimenta often had "shut t le"  as the modal response, 
spiders with stabilimentum types other than discoid al- 
most never did if they were larger than the largest spiders 
with discoid stabilimenta (12 ram). 

Relation of vibrating behavior to stabilimentum type and 
spider size 

No matter what the analysis, we found no or little associ- 
ation of stabilimentum type and presence of vibrating 
behavior (Table 4). Using responses in the first five trials 
only, a 2 x 2 z2-test for the commonest two stabilimen- 
turn categories gave no significant differences, whether 
only spiders not leaving the web (and therefore observed 
five times) or all spiders were used (Z2= 0.854, P =  0.356; 
Z2=1.580, P=0 .209 ;  respectively). [We evaluated 
whether adding spiders that left the web might bias re- 
sults (because individuals that would have eventually vi- 
brated departed first) by calculating for all spiders (first 
five trials) the fraction of  "all  spiders that eventually 
vibrated" that vibrated by the ith trial: 58% of  such 
spiders vibrated by the first trial and 81% by the second. 
In our protocol (see above) all of  the spiders leaving 
the web were observed at least once before leaving, and 
58% were observed at least twice. Hence, bias should 
be minimal.] Only three spiders did not vibrate during 
the first five trials but vibrated in subsequent trials; if 
these are added, tests are still not significant Z2= 1.422, 
P : 0 . 2 3 3 ;  Z2=2.085, P=0A49) .  If  spiders with both 
types of  stabilimenta are added to spiders with discoid 
stabilimenta only (which they resemble in response), and 
spiders ever vibrating are considered (i.e., including the 
above-mentioned three individuals), a contingency table 

Table 4. Relation of vibrating behavior to stabilimentum type s 

Number of cases (spiders never leaving the web/ 
all spiders) 

Cruciform Discoid Both No 
stabili- stabili- s tabi l i -  stabili- 
mentum mentum menta mentum 

Vibrated 17/27 4/4 1/2 1/2 
Did not vibrate 28/44 12/14 4/5 5/7 
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Fig. 5. Frequency of ever vibrating (shaded bars) vs not vibrating 
(open bars) (during the first five trials) as a function of body length. 
Spiders leaving the web before five trials included. Cruciform stabi- 
limenta only, n = 71 

using only spiders with at least five trials is still not 
significant at the 0.05 level (Z2=2.209, P=0.137) .  If  
spiders with no stabilimenta are compared to all others 
in a 2 x 2 table, no significant difference is obtained (Z a = 
0.723, P=0.395) .  One-tailed tests may be justified for 
some of these comparisons, but even with such tests, 
the 5% significance level is never attained. 

Frequency distributions for size constructed as before 
suggest that the relation of  vibrating behavior to size 
is stronger than the corresponding relation to stabilimen- 
tum type (Fig. 5). We evaluated this relation statistically, 
as in the last section (with similar cautions), using spiders 
with cruciform stabilimenta only, and splitting the data 
at an overall median size (again 5 mm). Of large spiders 
66.7% vibrated, whereas only 13.2% of  small spiders 
did. This difference in proport ion is highly significant 
(Z 2 = 21.458, P < 0.001). 

D i s c u s s i o n  

We now evaluate the evidence from our study supporting 
and not supporting the predator-defense hypothesis for 
the function of  stabilimenta in Argiope argentata. Impli- 
cations for Edmunds's two other major hypotheses will 
also be discussed; because the Craig and Bernard (1990) 
hypothesis is somewhat similar to Edmunds's third hy- 
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pothesis, its implications may be similar as well. Eight 
characteristics of stabilimenta and associated behavior 
will be considered in turn. 

1. Stabilimenta are common among spiders of small Baha- 
mian islands. The predator-defense hypothesis requires 
that predators be a major feature of the spider's environ- 
ment. On small Bahamian islands lizards are major pre- 
dators of orb spiders. We have shown both by compara- 
tive studies (Schoener and Toft 1983; Toft and Schoener 
1983; Schoener 1991) and direct experimentation 
(Schoener and Spiller 1987a; Spiller and Schoener 1988) 
that lizards exert a major impact on orb-spider popula- 
tions. In particular, Argiope argentata is one of the two 
species showing the greatest "lizard effect" in compara- 
tive surveys, islands with lizards being inhabited by 
many fewer Argiope for a given island size than islands 
without lizards. Argiope is never extremely abundant on 
a lizard island, whereas it can show explosive population 
growth in the absence of lizards. Although Argiope was 
not common in the plots we used to investigate the effect 
of lizards experimentally, lizard removal affected Ar- 
giope proportionately about as much as the other species 
of orb spiders present. Thus lizards would seem to be 
a major predator of Argiope (a large wasp has also been 
observed to attack Argiope in this system, and other 
arthropods as well as other vertebrates, e.g. birds, may 
do likewise). 

We do not have information on the sizes of Argiope 
eaten by various sizes of lizards, but Anolis lizards, those 
most common on our study islands, are gape-limited 
predators that generally show a strong intraspecific rela- 
tion (and often an interspecific relation) of prey size 
to head size (Pacala and Roughgarden 1985; Schoener 
1967, 1968; Schoener and Gorman 1968; but see Floyd 
and Jenssen 1983). Smaller size classes of Anolis in the 
Bahamas, to which most lizards belong (Schoener and 
Schoener 1980), rarely take prey as large as 20-25 ram, 
the largest sizes of Argiope argentata [see data on Bimini 
Anolis sagrei, A. distichus, and A. carolinensis, females 
and juveniles, in Schoener (1968, Figs. 1, 2, and 4) and 
data on Exumas anoles in Spiller and Schoener (1990, 
Fig. 1)]. Differential harmfulness of the larger spiders 
to potential predators, or the appearance of such harm, 
could also affect spider sizes eaten and may reinforce 
the apparently-larger-size (ALS) hypothesis. Moreover, 
larger spiders may be less vulnerable to lizard predators 
because their webs are larger, so a lizard must jump 
farther to capture the spider; this may also affect the 
size and presence of the stabilimentum. 

Commonness of lizards in our Bahamas system may, 
in addition to differences in the size classes studied, ex- 
plain the commonness of our spiders having stabilimenta 
as compared to Panama sites - 87.6% (1984 data) for 
all Bahamas spiders vs 34.6% (Robinson and Robinson 
1970) or 33.2% (Nentwig and Rogg 1988) for Panama 
adults only (note we do not distinguish adults in our 
study); or versus 54.8% for Panama juveniles and 26.2% 
for Panama subadults (Nentwig and Rogg 1988). Data 
of Marples (1969) for A. argentata (sizes unspecified) 
around Kingston, Jamaica, are more similar to ours: 
75.4% (no repeated observations) or 84.8% (including 

repeated observations on given individuals) had stabili- 
menta. However, all our data were obtained from islands 
without lizards. Because the study islands are sur- 
rounded by much larger islands that invariably have liz- 
ards, immigration from islands with lizards must be very 
common (see also Schoener and Spiller 1987b), so that 
gene flow is probably quite high. However, this situation 
does demonstrate that if lizards are the major predators, 
stabilimenta are not behaviorally flexible responses to 
their presence. In partial contrast, Lubin (1975) found 
stabilimenta in two Galfipagos populations of A. argen- 
rata to be more frequent on that island with more preda- 
tory bird species. 

An argument similar to the preceding can be made 
for the conspicuousness hypothesis; however, insectivor- 
ous birds, that predator toward which the advertisement 
is supposed mainly to be directed, breed on fewer islands 
in our system than do lizards (although birds may ca- 
sually visit all islands, and the hypothesis may apply 
to lizards). 

Commonness of stabilimenta on our islands could 
support a mechanical function, if the strong winds that 
frequently affect the islands make support or adjustment 
more desirable (but see Lubin 1975). 

2. All measures of absolute cruciform stabilimentum size 
show a curvilinear relation to spider size, increasing at 
a decreasing rate; the fitted curve for "'total segment 
length "has its greatest values at intermediate spider sizes. 
This characteristic provides major support for the ALS 
hypothesis: the largest spiders do not need to appear 
much larger still, and the smallest spiders cannot appear 
large no matter what they do, because of the small sizes 
of their webs and bodies, as well as perhaps energetic 
constraints on the production of the necessary dense 
silk. The fact that measures of stabilimentum size that 
include the gap (if present) between a segment and the 
web center (measures 1 and 2) are less domed indicates 
that such gaps tend to be disproportionately large in 
the larger spiders, perhaps because such spiders are quite 
robust and gain little from appearing larger still. 

The ALS argument assumes that the largest spiders 
are less likely to be attacked than intermediate-sized 
spiders, an assumption for which we have no direct evi- 
dence but some indirect evidence (see 1 above on lizard 
diets). For small spiders, however, the additional appar- 
ent size they would gain could take them into the range 
of the most preferred size classes, i.e., those providing 
the highest potential energy that can still be easily swal- 
lowed, as in optimal foraging models (e.g. Schoener 
1969). For such small spiders, the cruciform stabilimen- 
turn may serve an entirely different function, i.e., direct 
camouflage. Recall that in the smallest spider size-class, 
stabilimenta with two segments were differentially more 
common [Table 2; a similar result was obtained for 
AgriopeJlavipalpis in Ghana by Ewer (1972)]. The ap- 
parently continuous outline of a linear stabilimentum 
(i.e., the two segments are opposed so that they lie along 
a more-or-less straight line) could conceal a spider situ- 
ated on a segment or between segments. For example, 
in some Cyclosa the spider positions itself at one end 
of the feces-studded linear stabilimentum, so that the 
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hub appears to contain some elongated plant part. In 
fact, all 70 stabilimenta we observed (in 1984) with two 
segments are linear except those of two relatively large 
(16 ram, 19 mm) spiders; thus all small spiders with two 
segments have linear stabilimenta. The differential pres- 
ence of incomplete stabilimenta for small spiders may 
contribute toward the left-hand rise of the relation for 
total segment length in Fig. 3; however, the relation of 
mean segment length to body size is still very significant- 
ly curved (see Results). Finally, at certain intermediate 
spider sizes, the full cruciform stabilimentum, because 
of its resemblance to a much larger spider than the occu- 
pant, may distract a predator, allowing the occupant 
to escape; this is consistent with the tendency (albeit 
not quite statistically significant) for spiders with cruci- 
form stabilimenta to drop or otherwise to leave the web 
more frequently when disturbed than do spiders with 
discoid stabilimenta. 

The curvilinear relation of stabilimentum size to body 
size may favor a particular version of the mechanical 
hypothesis, that in which the stabilimentum serves to 
support the spider. Robinson and Robinson (1973) re- 
port. that immature Nephila clavipes, among other spe- 
cies, construct a stabilimentum in "skeleton webs" ; they 
believe support for molting is the most likely function. 
A molting function could contribute toward the ten- 
dency of immature Argiope to have the largest stabili- 
menta in our system: the largest (i.e., adult female) 
spiders do not molt, and the larger a molting spider, 
the more support is needed. However, this function 
alone is not sufficient to explain our data, because adults 
often have stabilimenta. Moreover, Argiope is able to 
molt without a stabilimentum (Nentwig and Rogg 1988), 
although having one could increase survivorship. 

The curvilinear relation of stabilimentum size to body 
size could support a conspicuousness function, if a 
threshold exists above which a web is "conspicuous en- 
ough." As for the pure ALS hypothesis (i.e., without 
the additional camouflage function), constraints on sta- 
bilimentum size for the smallest spiders must be argued 
to exist. 

3. Stabilimenta of all types are more likely to be found 
among intermediate-sized spiders than among the smallest 
or largest spiders. This presence/absence pattern of stabi- 
limenta (Table 1) provides a similar kind of support for 
ALS as the results just discussed in section 2: an argu- 
ment for a smaller cruciform stabilimentum logically ex- 
tends to an argument for no stabilimentum at all (see 
section 5 for the argument for the discoid stabilimen- 
turn). Robinson and Robinson (1970) view the frequent 
absence of any stabilimentum in their field system as 
a serious argument against a predator-defense hypothe- 
sis; they argue (B. Robinson and M. Robinson 1978) 
that this is further supported by the lesser frequency 
of cruciform stabilimenta under confined laboratory 
conditions except when molting. As discussed above 
(section I), however, we found a much smaller percent- 
age of spiders without stabilimenta than even for their 
field system. Moreover, as we said above (section 2), 
ALS predicts that the largest spiders should not have 
as large a stabilimentum as intermediate sized spiders; 

having no stabilimentum is consistent with this expecta- 
tion. Finally, the spider Nephila clavipes, which in the 
Bahamas reaches an even larger size than A. argentata, 
rarely has stabilimenta in perfect webs, and then only 
in immatures (Robinson and Robinson 1973); these 
characteristics would support ALS were stabilimenta to 
function in defense in this species. 

Implications for the mechanical and conspicuousness 
hypotheses are similar to those of the last section (2). 

4. Cruciform stabilimenta are often "'&complete," i.e., 
one or more of the four segments are missing. Robinson 
and Robinson (1970) consider this fact very damaging 
to the predator-defense hypothesis. If the function of 
the stabilimentum were mostly to confuse the predator, 
Ewer (1972) and Eberhard (1973) point out that irregu- 
lar incompleteness would not be a disadvantage. For 
one form of the predator-defense hypothesis, ALS, we 
agree incompleteness could present a problem if four 
segments were necessary for a significant advantage, this 
in part depending on perceptual properties of the preda- 
tors. However, spiders in our study showed a substan- 
tially higher percentage of complete stabilimenta than 
that reported for Panama A. argentata. Among the 
(adult) webs with (non-aberrant) cruciform stabilimenta 
studied by Robinson and Robinson (1970), 54.5%, 
30.1%, 6.4% and 9.0% had 1, 2, 3 and 4 segments, 
respectively. The figures for adults studied by Nentwig 
and Rogg (1988) are similar: 61.4, 23.2, 7.2 and 8.1%. 
Juveniles studied by Nentwig and Rogg (1988) had a 
greater fraction of 2-segmented stabilimenta, but still 
very few 3- or 4-segmented stabilimenta (35.5, 58.8, 1.4 
and 4.3%, respectively); their subadults were more-or- 
less intermediate. The same figures for our webs (1984 
data, all individuals, cruciform only) were 7.0, 35.8, 3.2 
and 54.0%; even the largest spider sizes we studied did 
not have as low a percentage of complete stabilimenta 
[Table 2; see also Marples (1969, Table 3) for data simi- 
lar to ours]. Moreover, as argued above (section 2), con- 
cealment of small spiders may be aided, or at least not 
harmed, by incomplete stabilimenta. 

As Robinson and Robinson (1970) argue, incomplete 
stabilimenta may be quite consistent with the tension- 
adjustment version of the mechanical hypothesis, if dif- 
ferent portions of the web needed adjustment upon each 
reconstruction. 

The significance of incomplete stabilimenta for the 
conspicuousness hypothesis is similar to that for the 
ALS hypothesis, as the fewer the segments the less visible 
would be the web. For conspicuousness, however, it is 
perhaps more plausible that any kind of stabilimentum 
would confer a significant advantage. 

5. Spiders having discoid stabilimenta show a differentially 
high proportion of shuttling behavior. The discoid stabili- 
mentum is a major alternative to a cruciform stabilimen- 
rum among intermediate-sized spiders. Discoid stabili- 
menta were commonest among intermediate-sized 
spiders and did not occur for spiders larger than 12 mm; 
this cutoff is similar to findings of B. Robinson and 
M. Robinson (1978). Spiders having discoid stabilimenta 
are more likely than others to shuttle to the opposite 



side of the orb when disturbed; similar characterizations 
on a species-by-species basis are reported by Edmunds 
[1986; see especially Robinson and Robinson (1970), 
Tolbert (1975)] for various Argiope species, including 
A. argentata. The shuttling behavior is an extremely 
quick, surprisingly agile and almost graceful movement. 
It could function to protect the spider both by placing 
thick webbing between it and a predator, thereby shield- 
ing the spider, as well as by concealing the spider from 
view. [A "sunshield" function has also been suggested 
by M. Robinson and B. Robinson (1978)]. The associa- 
tion of shuttling behavior with presence of a discoid 
stabilimentum provides very strong support for the pre- 
dator-defense hypothesis. 

The frequent presence of the discoid alternative for 
spiders of intermediate size [Table 1; see also Ewer 
(1972)], with its attendant behavior, suggests that such 
spiders "require" protection, perhaps more than ex- 
treme (or at least larger) sizes. Furthermore, the fitted 
curvilinear function of Fig. 3 relating cruciform stabili- 
mentum length to body length declines over most of 
the range of lengths of those spiders that never have 
discoid stabilimenta. Additionally, discoid stabilimenta 
could conceivably be abandoned in favor of cruciform 
stabilimenta, or no stabilimentum at all, in part because 
of the impracticality of constructing dense silken struc- 
tures large enough to conceal the largest spiders. 

Spiders without discoid stabilimenta do, however, 
sometimes shuttle (e.g. Fig. 4). Especially for small 
spiders, a cruciform stabilimentum extending contin- 
uously through the center, or with the sheet-like matted 
silk sometimes found at the center between segments, 
could function to conceal and shield in a similar way 
to a discoid stabilimentum. 

Differential frequency of the discoid stabilimentum 
between spider sizes does not relate to mechanical or 
conspicuousness hypotheses in any way obvious to us; 
presence of a discoid stabilimentum, of course, would 
increase conspicuousness (e.g., Eisner and Novicki 
1983). The association of shuttling behavior with discoid 
stabilimenta would seem entirely unrelated to mechani- 
cal or conspicuousness hypotheses. 

6. Spiders often line up, with adjacent legs adpressed in 
pairs, so that one or more pairs of legs are collinear with 
a cruciform stabilimentum segment and the others are 
close to collinear. We have no precise measure of this 
tendency, but Fig. 1 a illustrates a fairly typical case. As 
pairs of legs are not always quite collinear with segments 
of the stabilimentum (e.g., Fig. 1 a), the plausibility of 
this argument depends upon how close to perfect an 
adaptation is expected to be; we are more impressed 
by the nearness to collinearity than the imperfection of 
the behavior. Furthermore, the cruciform attitude of the 
spider (in which four pairs of adpressed legs, not eight 
separated legs, are the conspicuosus feature), itself prima 
facie evidence, is according to Robinson and Robinson 
(1970) only adopted during the day (they believe this 
favors "leg concealment" as a function). 

Because the mechanical argument has little theoreti- 
cal development as yet, it is hard to evaluate with respect 
to the above behaviors; possibly the position of the 
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spider's legs is consistent with both a support function 
and an adjustment function. 

Depending on the perceptual properties of predators, 
the conspicuousness hypothesis could be either sup- 
ported or not by the spider's alignment. An aligned 
spider may reinforce the cruciform image of the stabili- 
mentum, making the total more conspicuous. On the 
other hand, the full extent of the web might be better 
indicated by a misaligned spider (and indeed, by a more 
dispersed stabilimentum). 

7. The zig-zag patterning of the cruciform stabilimentum 
resembles the striped legs of  spiders, making the spider 
appear larger. Here we are in apparently complete dis- 
agreement with Robinson and Robinson (1970), who 
argue (against Hingston 1927) that there is a contrast 
between the legs and the stabilimentum. Ours would be 
an extremely difficult claim to back up with some kind 
of precise measurement, and we can only offer Fig. 1 a 
as a plausbility argument: to us, the alternation of light 
and dark of the zig-zag stabilimentum segment is similar 
to the alternation of light and dark on the leg. Of course, 
perceptual properties of the predators may be very dif- 
ferent from ours, but it is not obvious how else the stabi- 
limentum could be arranged to make it look more like 
a striped, solid object. 

It is possible that a sufficiently well-developed theory 
would explain how the zig-zag elements relate to adjust- 
ment and/or support, and so be evidence for a mechani- 
cal hypothesis. 

Both the zig-zag patterning and striped legs could 
be deemed conspicuous and so at least be consistent 
with a conspicuousness function for the stabilimentum. 

8. Vibrating behavior for spiders with cruciform stabiIi- 
menta is commoner for large than small spiders; no signifi- 
cant relation of vibrating behavior to stabilimentum type 
exists. Our second result here can be compared with 
those of Edmunds (1986) and Tolbert (1975), who report 
that spider species with a higher proportion of stabili- 
menta or more extensive stabilimenta vibrated more of- 
ten. Although we had only nine individuals without sta- 
bilimenta, in conformity with the general size trend, the 
seven that did not vibrate were all very small (0.5- 
I ram), whereas the two vibrating spiders were both 
large (13, 15 ram). 

Vibrating behavior has been argued to increase ap- 
parent size of the spider (Edmunds 1986). Were this to 
be so, our finding would contradict the ALS hypothesis, 
because ALS assumes that the largest spiders are less 
in need of increasing apparent size than are intermediate- 
sized spiders (unless, of course, vibrating is the principal 
reason why they are less in need). We suggest vibrating 
behavior functions to render the exact location of the 
spider more difficult to discern, and the spider more 
difficult to grasp, both reducing the likelihood of a suc- 
cessful predator attack (see also Tolbert 1975). Addition- 
ally, especially for arthropod predators, vibration may 
serve as a "scare" or "startle" tactic. 

Vibrating behavior has no obvious implication for 
a mechanical hypothesis. Whether or not it supports 
assumptions of the conspicuousness hypothesis depends 
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on whe the r  or  no t  v ib ra t ing  behav io r  renders  the sp ider  
m o r e  o r  less visible. 

In  conclus ion ,  m o s t  o f  the  eight  charac ter i s t ics  re- 
viewed above  s u p p o r t  or  a re  at  least  cons is ten t  wi th  the 
p reda to r -de fense  hypothes is .  This  is in ag reemen t  wi th  
tha t  func t ion  conc luded  in the m o r e  genera l  t r ea tmen t s  
o f  E d m u n d s  (1986) and  E b e r h a r d  (1990) to a p p l y  to 
the m a j o r i t y  o f  cases. In  add i t ion ,  m a n y  charac ter i s t ics  
s u p p o r t  the A L S  vers ion  o f  tha t  hypothes i s ,  while a few 
are  h a r d  to accoun t  for  wi th  a mechan ica l  or  conspi -  
cuousness  hypothes is .  However ,  our  analysis  is res t r ic ted  
to cer ta in  Argiope argentata, and  o the r  hypo theses  m a y  
be requ i red  for  o ther  species, e.g. the s t ab i l imen tum o f  
i m m a t u r e  Nephila clavipes ( R o b i n s o n  and  R o b i n s o n  
1973) discussed above.  Moreove r ,  s t ab i l imen ta  va ry  in 
k ind  wi th in  Argiope argentata, a n d  these mus t  func t ion  
in a t  least  s o m e w h a t  di f ferent  ways.  Even the c ruc i fo rm 
s t ab i l imen tum is l ikely to func t ion  d i f ferent ly  depend ing  
on spider  size. F ina l ly ,  Nen twig  and  Rogg  (1988) sug- 
gested " s t r e s s "  r a the r  t han  some adap t ive  reason  for  
s t ab i l imen tum occurrence;  they  view the s t ab i l imen tum 
as pe rhaps  or ig ina l ly  evolved  to faci l i ta te  mo l t i ng  bu t  
no longer  necessary  in tha t  regard .  

Fu r the r  p rogress  in this  genera l  a rea  w o u l d  be a ided  
by  d e v e l o p m e n t  o f  a m o r e  de ta i l ed  mechan ica l  t heo ry  
and  by  a d d i t i o n a l  expe r imen t a t i on  o f  all  k inds ,  inc lud ing  
tha t  us ing po ten t i a l  p reda to r s .  
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