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Summary. 1. Jumping spiders of the genus Phidippus tend to occupy waiting 
positions on plants during the day. From such reconnaissance positions, the 
spiders often utilize an indirect route of access (detour) to attain a position 
from which sighted prey (the primary objective of pursuit) can be captured. 

2. Selection of an appropriate route of access is based upon movement 
toward a visually determined secondary objective (part of a plant) which may 
provide access to the prey position (Fig. 2, Table 1). 

3. During pursuit, the spider retains a memory of the relative position of 
the prey at all times. This memory of prey position is frequently expressed in 
the form of a reorientation turn to face the expected position of the prey 
(Fig. 1). Each reorientation can be considered to initiate a new segment of the 
pursuit. 

4. Phidippus employ the immediate direction (or route) of pursuit as a 
reference direction, for the determination of prey position (Figs. 3 and 4). 
The spider compensates for its own movement in determining the direction 
of the prey from a new position (Fig. 5). 

5. The spider retains a memory of the prey direction with reference to 
gravity (Fig. 6); this memory of the inclination of prey direction can take 
precedence over conflicting information based upon the use of the route as a 
reference direction (Figs. 7 and 8). 

6. Visual cues provided by both the background and the immediate plant 
configuration can be used by the spider to determine a (radial) direction in 
the plane perpendicular to the route of pursuit (Fig. 9, Table 2). 

7. The jumping spider must employ at least two independent reference 
systems (route direction, gravity, visual cues) in concert to determine the 
position of the prey in space (Fig. 10 and Table 3, Fig. 11). 

8. Apart from the context of predatory pursuit, the indirect pursuit of 
visually determined objectives is a general feature of the movement of 
salticid spiders upon vegetation. 
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Introduction 

Sal t ic id  spiders  e m p l o y  the i r  h igh ly  d ev e l o ped  v i s ion  in  the  de tec t ion ,  eval-  
ua t ion ,  a n d  p u r s u i t  of  p o t e n t i a l  prey.  S ince  m o s t  of  these  spiders  dwel l  o n  
p lan ts ,  where  the  m o s t  d i rect  a p p r o a c h  to s igh ted  p rey  is s e l d o m  in  the  fo rm of  a 
s t ra igh t  l ine,  effective access to t ha t  p rey  requ i res  a n  ab i l i ty  to ut i l ize  a n  ind i rec t  
r o u t e  of  pursu i t .  

He i l  (1936) was the  first to app rec i a t e  the  s igni f icance  of  such  d e t o u r e d  
routes ,  in  his s tudy  of  the  sal t ic ids  Evarcha marcgravi a n d  E. blancardi [ c u r r e n t l y  
E. arcuata (Clerck) a n d  E.falcata (Clerck), respect ive ly] .  U n f o r t u n a t e l y ,  Hei l ' s  
o b s e r v a t i o n s  of  the  ' h S h e r e  L e i s t u n g e n ' ,  or  a t t a i n m e n t s ,  of  the  sa l t ic id  sp ider  
have  rece ived l i t t le  a t t e n t i o n  in  the  s u b s e q u e n t  l i te ra ture .  A c c o r d i n g  to C u r io  
(1976), "Sa l t i c id  spiders  have  b e e n  c red i ted  wi th  ' l o n g  d e t o u r s '  (Chrome ,  1957). 
I n  v iew of  its u n i q u e n e s s  in  i n v e r t eb r a t e s  a c loser  s tudy  of  sa l t ic id  h u n t i n g  
b e h a v i o r  appea r s  h igh ly  des i rable ."  

A sa l t ic id  requ i res  a n  accu ra t e  m e m o r y  of  the  re la t ive  p o s i t i o n  of  p rey  in  
space  if it  is to ut i l ize  a d e t o u r  of  a n y  complex i ty .  The  objec t ives  of  this  s tudy  
i n c l u d e  the  e v a l u a t i o n  of  the  ab i l i ty  of  ce r t a in  sal t ic id  spiders  (Phidippus) to 
d e t e r m i n e  a n d  successful ly  n eg o t i a t e  d e t o u r s  d u r i n g  the  pu r su i t  of  prey,  a n d  the  
a s ses smen t  of  the  forms  of  sensory  i n f o r m a t i o n  wh ich  can  c o n t r i b u t e  to a 
m e m o r y  of  p rey  p o s i t i o n  d u r i n g  the  course  of  such  a de tour .  

Materials and Methods 

The principal subjects of this study were individual Phidippus pulcherrimus Keyserling, collected as 
immatures from resting sacs on the herb Euthamia minor i n  Marion County, Florida. Predatory 
pursuits of P. audax (Hentz), P. clarus Keyserling, P. princeps (Peckham), and P. regius C.L. Koch 
were also observed. 

All spiders were reared individually in plastic Petri dishes, provided with droplets of drinking 
water several times a week. Only adult spiders were used in the experiments reported here. As noted 
by K~istner (1950) in his study of Evarchafalcata, individual salticids can have distinct and coiasistent 
'personalities', or individual modes of behavior as observed in a particular context. Management of 
spiders for the purposes of this study was therefore on an individual basi~, as some individuals were 
markedly better performers in a given experimental situation than were others. Selection of 
individuals was based solely upon whether or not the spiders would repeatedly pursue a standard 
lure in each laboratory situation. Virtually all Phidippus observed during the course of this study 
(including rejects) demonstrated an ability to run a detoured pursuit, nonetheless. After screening, 
some attention was necessarily devoted to the care of 'runners', to maintain their responsiveness at a 
healthy optimum. A certain degree of food deprivation was required for this purpose; a spider 
subject to a current experiment was fed with flies (either Musca domestica or vestigial-winged 
Drosophila melanogaster) only when its opisthosoma was markedly reduced in size, a sign of 
starvation. 

The basic technique employed in the laboratory study of the pursuit behavior and orientation of 
these spiders was simple. Individual spiders were placed upon structures of varying design, 
stimulated with a dead fly (Musca domestica) cemented to the end of a long, thin strand of hair (the 
standard lure; Fig. llA), and then certain aspects of the ensuing pursuit and reorientation (see 
Fig. 1) were recorded in a manner which varied with the design of each experiment. For the study of 
orientation, a series of problems were designed to isolate each potential source of directional 
information (route direction, gravity, and background visual cues) in turn. Details of each experi- 
ment are presented , with the respective results, below. Most experiments involved a direct visual 
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determination of the direction faced by the spider, by projection of the sagittal plane of the prosoma 
onto a visible scale. This process was greatly facilitated by the relatively large size (9 18 mm in 
length) of Phidippus jumping sp~ders, the presence of conspicuous and symmetrical groups of light- 
colored scales upon the prosoma of P. pulcherrimus and P. regius, and the tendency of these spiders 
to remain in a reoriented position for several seconds, if not longer, a fact which allows the observer 
to check the accuracy of his alignment from several angles. Where accurate determination of this 
direction was critical, the supporting rod of the standard lure (Fig. 11 A) was aligned with the sagittal 
plane of the spider (above positions 3 and 4 in Fig. 3C and E) and projected to the scale. As a test 
of the accuracy of this method, subsequent presentation of the prey in the estimated direction 
(position 4 in Fig. 3C and E) invariably failed to elicit an orienting turn (see Land, 1971) of 
appreciable magnitude; this suggests that the individual determination was within 5-10 ~ of the 
actual direction. Given the number of trials employed in each instance, it is likely that this error had 
a negligible effect upon the results. 

Experimental structures were constructed with wood dowels of 4 mm and 9 mm diameter, heavy 
white paper, and corrugated cardboard. Unless otherwise specified, artificial lighting was provided 
by either a 100-W or a 150-W (1500-2500 lm) incandescent light bulb, situated within an aluminum 
parabolic reflecting lamp at a distance of 0.5-1.5 m directly above each experimental situation. 

Standard methods were employed in the statistical analysis of results (Runyon and Haber, 1971 ; 
Mendenhall and Scheaffer, 1973); for presumed parameters, means are presented here _+1 standard 
error. 

Results 

Use of a Detour in the Pursuit of Prey 

M a n y  species of Phidippus tend to occupy wait ing posi t ions near  the top of 
herbacious plants, such as Solidago, in an open field. F r o m  such reconnaissance 
posi t ions these spiders embark  in pursui t  of sighted prey. Indirect  routes, or 
detours, provide the only access to most  of the area subject to visual survey by 
the wait ing spider; the facile use of such indirect routes of access can be readily 
demons t ra ted  (Fig. 1). 

Successful comple t ion  of the detoured approach requires no t  only an abil i ty 
to select an appropr ia te  detour  with respect to the posi t ion of the prey, bu t  also 
a memory  of that  posi t ion in space, if the prey is to be relocated by the spider. 
The pursu ing  Phidippus often stops and turns  to face the expected posi t ion  of its 
prey;  this distinctive behavior  is termed reorientation (to the prey position), and  
it provides a clear demons t ra t ion  of the abili ty of these spiders to remember  the 
pos i t ion  of their prey dur ing pursuit .  A single pursui t  sequence may involve a 
series of reor ienta t ions  from various posi t ions as the spider approaches its prey. 
Each reor ienta t ion  to face the primary objective of the pursui t  (the prey posit ion) 
can be viewed as the beg inn ing  of a subsequent  segment of that  pursuit.  

Selection of the Access Route 

In  a series of experiments similar to that  described in Fig. 2 (results in Table  1), 
the immedia te  direct ion of pursui t  was determined by the relative pos i t ion  of a 
visible "plant '  conf igurat ion which completed the route of access. The method  of 
a l ternate  presenta t ion  of either var iant  (B or C) of this problem,  thereby 
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Fig. 1A ~nd B. Two sequences of indirect pursuit of a standard lure (hanging fly) by a maie P. 
pulcherrimus. Sequential (numbered) positions during the pursuit were traced from projections of a 
series of individual photographs taken with electronic flash. In each case the lure was removed 
immediately after the initial orientation to the prey (1). A The spider oriented to the prey position 
(1), turned and walked to the stem of the plant (2), and then reoriented to face the expected position 
of the prey from a new position (3). Subsequently the spider continued its ascent (4) to attain the 
objective position (5). B After orientation to the prey (1), the spider reached for an available dragline 
(2) which it climbed to the stem (3), and then reoriented to face the objective (4). Again, pursuit 
continued (5) until the spider attained the objective position (6) 

r e q u i r i n g  e i ther  a r ight  o r  a left t u rn ,  suggests  tha t  f ami l i a r i ty  wi th  the  p r o b l e m  
c a n n o t  a c c o u n t  for the  obse rved  results .  I n  s imi la r  s i t ua t ions  where  a r ou t e  of  
access was n o t  read i ly  visible,  the  spiders  genera l ly  c o n d u c t e d  a n  extens ive  series 
of  tu rns ,  p r e s u m a b l y  in  search  of  such  a route .  V i sua l  o r i e n t a t i o n  t o w a r d  a r ou t e  
of  access, p r io r  to p u r s u i t  of  tha t  r o u t e  of  access, is read i ly  d e m o n s t r a t e d  in  a 
nove l  s i tua t ion .  A s igh ted  p l a n t  c o n f i g u r a t i o n  wh ich  replaces  the  p r i m a r y  
objec t ive  (prey pos i t ion)  as a d e t e r m i n a n t  of  i m m e d i a t e  b e h a v i o r  is t e r m e d  a 
secondary objective. 
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Fig. 2A-C. Problem of access requiring the use of a connection which is removed from the plane 
defined by the immediate route and the prey position. This problem is shown in perspective (A), and 
also in the two possible mirror-image configurations (B and C) as viewed from above. A The 
apparatus is constructed of four vertical wood dowels connected by horizontal strips of heavy green 
paper. Each trial begins with the orientation (1) of the spider (open circle) to the fly (F), as shown 
here. B, C After the initial orientation (1), the occurrence of a distinct turn to face the connecting 
route prior to movement from the starting position (2), and the direction of movement (either 
toward the route of access, 3, or away from that route, 4) were recorded for each trial. Since data 
obtained for each of the two possible configurations (B and C) were comparable for each spider, 
these data are pooled in Table 1 

Table 1. Results for the problem of access described in Fig. 2 

Spider Number of 2. Distinct 3. Run 4. Run P[N3=N,~, 
(individuals) trials (N) turn to face toward away from with 

access access (N3) access (N4) chance] 

Female P. pulcherrimus 41 41 41 0 <0.001 
Female P. pulcherrimus 40 40 40 0 <0.001 
Female P. regius 38 30 34 4 < 0.001 
Male P. regius 40 34 35 5 <0.001 

The numbered column headings correspond to the events described in Fig. 2, Each spider had not 
only a highly significant tendency to move in the direction specified by the visible route of access, 
but also a tendency to face that access directly prior to pursuit (2). The two female P. pulcherrimus 
repeatedly ran the problem in either direction like clockwork, never missing a distinct turn to face 
the access route prior to pursuit 

I n  a s u b s t a n t i a l  m a j o r i t y  o f  t h e  access  p r o b l e m s  p r e s e n t e d  to  v a r i o u s  

Phidippus d u r i n g  t h e  c o u r s e  o f  t h i s  s tudy ,  t h e  sp ide r s  u t i l i z e d  t h e  m o s t  d i r e c t  

r o u t e  o f  access  to  p r e y  t h a t  w a s  a v a i l a b l e .  O n e  m i g h t  t h i n k  t h a t  a c o n s i d e r a b l e  

a m o u n t  o f  i n s i g h t  o n  t h e  p a r t  o f  t h e  s p i d e r  was  r e q u i r e d  to  a c h i e v e  t h i s  

p a r t i c u l a r  resu l t ,  b u t  it is ea s i e r  to  e x p l a i n  t h i s  e f f ic iency  w i t h  a s i m p l e  
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evaluation of the constraints placed upon the spider's choice of a direction of 
movement upon the plant. A stem, for example, allows for only two directions of 
movement. The spiders consistently selected the direction of movement which 
brought them closer to an immediate objective. Thus the ability of Phidippus to 
solve a complicated problem of access depends upon its ability to substitute 
intervening (secondary) objectives for the primary objective, as determinants of 
immediate behavior, 

Each segment of a pursuit sequence may involve the setting of a new 
secondary objective after reorientation to the primary objective. Thus a series of 
intervening, immediate objectives may be employed during the course of a single 
pursuit. 

Orientation with Reference to the Direction of Pursuit 

Memory of a relative position in space, as expressed in the reorientation of the 
pursuing Phidippus to face its prey, requires the use of reference directions. Of all 
the potential references which might be employed by the spider to determine a 
direction in space, the orientation of the body axis itself is most immediate. As 
salticids orient toward sighted prey in the absence of visual feedback (Land, 
1971; Duelli, 1978), they are in effect utilizing the orientation of the prosoma in 
space (corresponding to the position of the eyes) as a reference direction for the 
execution of an appropriate directed turn. In a broader sense, the immediate 
route of the spider can also provide a very useful reference direction during its 
pursuit of prey. Angles which specify a direction with reference to the direction 
of pursuit are denoted as 0; orientation of these animals with reference to the 
direction of the immediate route is termed route-referent orientation. 

The apparatus and terminology used to analyze the route-referent orien- 
tation of Phidippus during a segment of pursuit along a horizontal route are 
shown in Fig. 3. Representative results of this experiment are presented in 
Fig. 4A. For  each trial, involving the presentation of the prey at a variable 
direction with reference to the horizontal bar (variable orientation angle, 0), the 
measured angle of reorientation (0r) is presented here as a function of both 0 and 
0c, as defined in Fig. 3B. After each initial orientation to the prey, the prey was 
concealed from the view of the pursuing spider, and thus it could not serve as a 
visual reference to direct the subsequent reorientation. From the results shown 
here, which agree with those obtained with a number of individual P. clarus, 
P. princeps, and P. pulcherrimus, it is possible to draw several conclusions. First, 
for each of the spiders, the actual reorientation angle (0r) correlated quite 
significantly with, and approximated somewhat, the initial orientation angle (0). 

In addition, 0 r was significantly greater than 0 in magnitude, in general. This 

is demonstrated by the fact that, for each spider, 0 r - 0  is significantly 
(P<0.0001) greater than 0. The graphic presentation of 0 r as a function of 0 
provides a clear exhibition of this result. From an examination of Fig. 3B, one 
can see that the expected value of 0r, if it were compensated for the movement of 
the spider relative to the prey position, should exceed the value of 0. As the 
spider approaches its prey, the reorientation angle required to face that prey 
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Fig. 3. A A simple segment of linear pursuit in a horizontal plane, as viewed from above. The spider 
faces the prey (1), which is immediately removed from view as the spider turns to run in pursuit (2), 
and then stops to reorient (3). B Definition of terminology used to describe the pursuit shown in (A). 
C Circular arena used for the observation of orientation by the spider during pursuit on the 
horizontal bar, as viewed from above. The inner white paper cylinder (1) rises to the level of the top 
of the running bar, while the outer cylinder (0) extends to a height of 30 cm above the bar. Prior to 
each trial, the spider was led back to a center position (1) on the horizontal bar with a standard lure, 
to maintain a constant prey distance of about 25 cm at the initial sighting. To initiate each trial, the 
prey was presented to the spider in a circumferential position (2). Subsequently, as the prey was 
dropped below the view of the spider (between the two cylinders), the spider ran to a new position (3) 
on the horizontal bar and reoriented in the direction of position (4) on the circumferential scale. 
From a record of values 1-4, the descriptive terms defined in (B) could be calculated for each trial. D 
Perspective view of horizontal bar in corridor, showing how the suspended fly could be concealed in 
the trough during the pursuit and reorientation of the spider. E Horizontal bar in corridor viewed 
from above. As in (C), a record of positions I-4 was made for each trial. The prey distance for a given 
0 could be varied by changing the distance (L) between the bar and the peripheral (fly position) scale 

d i r ec t ly  (0c) increases .  As s h o w n  he re  (Fig.  4A),  0c was an  effect ive p r e d i c t o r  o f  
the  o b s e r v e d  r e o r i e n t a t i o n  ang le  (0r). 

A m o r e  r i g o r o u s  d e m o n s t r a t i o n  o f  the  ro le  o f  t he  i m m e d i a t e  r o u t e  (or 

d i r e c t i o n  of  pursu i t )  as a re fe rence  d i rec t ion ,  to  the  exc lus ion  o f  p e r i p h e r a l  v i sua l  

cues, is p r o v i d e d  by  the  ab i l i ty  o f  Phidippus to  c o m p l e t e  a s e g m e n t  o f  pursu i t ,  
f o l l o w e d  by  an  a c c u r a t e  r e o r i e n t a t i o n  (with 0~ as a p r e d i c t o r  o f  0~), in c o m p l e t e  
da rknes s  (Fig. 4B). 

I t  is ev iden t  t ha t  each  r e o r i e n t a t i o n  r ep resen t s  an  a t t e m p t  by the  sp ide r  to 
face the  e x p e c t e d  p o s i t i o n  o f  its prey.  B a s e d  u p o n  def in i t ions  p r o v i d e d  in 

Fig.  3B, o n e  can  c o n c l u d e  tha t  0~ ( the o p t i m a l  r e o r i e n t a t i o n  angle)  is a f u n c t i o n  
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Fig. 4. A Behavior of a female P. pulcherrimus on the horizontal bar (Fig. 3C), in response to a 
variable direction of prey presentation (variable 0). Here the measured angle of reorientation with 
reference to the direction of pursuit  (0~) is presented as a function of both  the initial orientation angle 
(0) and the calculated (movement  compensated) reorientation angle required to bring the spider to 
face the original prey position directly (0c). As in subsequent figures, the linear regression of Y on X 
is indicated as a dashed line. B Behavior of  a different female P. pulcherrimus on the horizontal bar. 
As in (A), these data were obtained with the apparatus described in Fig. 3C. For these trials, 
however, the overhead light was switched off as soon as the spider turned to run in pursuit. Only 
those trials in which the reorientation turn had  been executed completely prior to the time at which 
the light was subsequently turned on (several seconds later) are shown here. In one of these trials the 
spider was even preparing to j ump  in the prey direction as the light went on. In a number  of trails, 
this spider did not  reorient until after the light was switched on, and these trials were not  recorded. 
In all respects these data  compare with those collected under conditions of continuous illumination, 
as in (A). It should be noted that  the spiders always reoriented to the correct side (whether right or 
left) of  the bar 
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Fig. 5A C. Behavior of a female P. pulcherrimus during a segment of pursuit  upon the horizontal bar 
(Figs. 3D and E) in response to a constant  0 (=35~ and a variable prey distance (D). A 
Reorientation angle (0r) as a function of the pursuit  distance (S), for a constant  D =  13.6cm. As 
demarcated by the inset rectangle, H values used in the determination o f /~  were calculated only for 
those trials in which 0 r __> 40 ~ and S > 4 cm. B As in (A), but  D = 19.4 em. C Compar ison of the spider 
estimate of prey distance (H) to the actual prey distance (D). For each value of D, the mean  H is 
given _+ one s tandard error (thick vertical bar), with a vertical line indicating _+ one s tandard 
deviation of the range of calculated H values. P values given below indicate whether the respective 
values o f / ]  varied significantly with a change of D for this spider 

of D (the initial distance of the prey), 0 (the initial direction of that prey with 
reference to the route of pursuit), and S (the distance of pursuit prior to 
reorientation): 

0 - an " 0 

By this analysis, the spider should be able to integrate three forms of infor- 
mation (D, 0, and S) to develop an accurate appraisal of the relative direction of 
the prey with reference to the direction of pursuit. 

The fact that 0 r was significantly greater than 0 could represent the use of a 
simple adaptive output by the spider, based upon a neurological analog to the 
generalization that 0 c is always greater than 0 to some extent. This might 
provide a sufficiently accurate reorientation angle in most cases, independent of 
an ability to evaluate either D or S. For  this reason, the horizontal bar was 
employed within a corridor (Fig. 3D and E) with a constant 0 (=35~ to 
measure the role of S as a determinant of 0 r. As shown here (Fig. 5 A and B), a 
highly significant positive correlation between S and 0r, as predicted by the 
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Fig. 6. A Description of the jump-recovery behavior of Phidippus. The spider waited upon a heavy 
paper disk at the end of the axial horizontal bar of the apparatus shown in Fig. 7A. Thus visual cues 
could not be used by the spider to determine a direction in the vertical plane defined by the paper 
disk (waiting platform). Orientations were recorded by using a circumferential scale like that shown 
in Fig. 7. Initially (1) the spider oriented toward the prey at a measured inclination (7). In successful 
trials, the spider jumped toward the prey (2), but missed the lure as it was quickly removed by the 
observer, careful to anticipate the jump of the spider. The spider would then swing as a pendulum 
(3), and then catch the dragline with a leg I V (4). After climbing the dragline with legs I and II (5) to 
recover to the jumping position, the spider discarded the wound dragline. The spider immediately 
reoriented (6) to the expected prey position at inclination Yr- B Pooled jump-recovery data for 13 
individual P. pulcherrimus. The agreement and correlation of 7r with 7 was highly significant. Pooling 
of data was required by the fact that, after missing a certain number of jumps, individuals would 
only jump when capture was certain, when the lure was so near to the spider that it could not be 
removed fast enough by the observer. Presumably only gravity was available as a reference for 
memory of prey direction in the plane of this experiment 

equa t ion  given above, did in fact exist. In  this experiment,  var ia t ion  in S was an 
intr insic  feature of the behavior  of indiv idual  Phidippus, when presented re- 
peatedly with the same p rob lem of access. It appears, then, that  Phidippus can 
utilize a memory  of the extent of their own movemen t  (S) dur ing  pursui t  to 
determine an  accurate app rox ima t ion  of 0 c. 

As shown in Fig. 5A and  B, each collection of correlated values of S and  0 r 
can be approx imated  by a funct ion based u p o n  a fixed value for the ' es t imate  of 
prey dis tance '  by the spider, o r / - / a s  it is defined in Fig. 3B. By defini t ion:  

S 
H -  

cos 0 -  (sin 0/ tan 0r)" 

Since each trial produced measurements  of 0, S, and 0r, it was possible to 
calculate a value of H for each trial. Analysis of these data  (Fig. 5C) shows that, 
within limits, D (actual prey distance) is a significant predictor  o f /~ .  The upper  
l imit for accurate resolut ion of prey distance (D as a predictor  of the observed 
H) in this par t icular  exper iment  ranged from 10 to 2 0 c m  for different 
P. pulcherrimus. 
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Fig. 7. A Axial section (in vertical plane) of the apparatus used for rotation of the running bar during 
a segment of pursuit. The lever (L) used to rotate the running bar (R) within a horizontal white 
paper cylinder was supported by a framework of corrugated cardboard. Careful alignment of the 
axis of the incandescent lamp (in an otherwise dark room) eliminated visual cues which might have 
been used by the spider to determine the direction of the fly position (F) as measured on the 
circumferential scale shown in (B). B Front view (vertical plane projection) of this apparatus, 
indicating the coupled 90 ~ rotation of lever and running bar during pursuit. C Position of running 
bar upon initiation of pursuit. The spider (position I) initially turned to face the lure (2). As the 
spider turned to run toward position (3), the bar was rotated 90 ~ as shown here. Relevant terms for 
the description of this problem are defined in a manner consistent with that shown in Fig. 3B. D 
Position of the running bar (after rotation) as the spider reoriented. The 90 ~ rotation of the bar 
during pursuit moved the prey direction specified with reference to the direction of pursuit (0c) into 
conflict (by 90 ~ with the direction specified by the use of gravity, or inclination (7c) information. As 
shown here (and in Fig. 8), the actual reorientation agreed with the direction specified by 7c. As in 
earlier experiments, a record of positions 1--4 provided a complete description of the orientation of 
the spider during this segment of pursuit 

Orientation with Reference to Gravity 

G r a v i t y  is a lways  ava i l ab l e  as a re fe rence  d i r e c t i o n  for t he  spider .  As a 
c o n v e n t i o n  here ,  d i r ec t i ons  wi th  re fe rence  to  g rav i ty  are  speci f ied  by  the i r  

i n c l i n a t i o n  (7), w h e n  7 is the  ang le  b e t w e e n  the  specif ied d i r e c t i o n  a n d  its 
p r o j e c t i o n  u p o n  a h o r i z o n t a l  p lane .  D i r e c t i o n s  a b o v e  the  h o r i z o n t a l  p l ane  are  

a s s igned  pos i t i ve  ~ va lues ;  t hose  b e l o w  the  h o r i z o n t a l  p l a n e  h a v e  n e g a t i v e  ? 
values .  T h e r e f o r e  ? var ies  f r o m  a m a x i m u m  of  + 90 ~ (s t ra ight  up) to  a m i n i m u m  

of  - 9 0  ~ (s t ra ight  down).  
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Fig. 8. Results of the rotation experiment described in Fig. 7 for a male P. pulcherrimus. This 
experiment worked much better with this particular individual than with others (although with the 
same result), due to the tendency of this spider to run long and fast pursuits (S= 12.9 cm). Each long 
pursuit allowed ample time for the smooth rotation of  the bar prior to reorientation. Here the 
observed direction of reorientation (either 7r or 0r) is presented as a function of both the initial 
direction of orientation (7 or 0) and the predicted or movement-compensated direction of re- 
orientation (7c or 0c), in a manner consistent with definitions presented in Fig. 7C and D 

The ability of Phidippus to retain a memory of the direction of sighted prey 
with reference to gravity (gravity-referent orientation) is demonstrated by the 
jump-recovery experiment (Fig. 6). 

The apparatus described in Fig. 7 was used to determine the ability of 
Phidippus to reorient to a prey position when both the prey and the route of 
access were situated in the same vertical plane. Regardless of the orientation of 
the route of access, accuracy of reorientation compared with that described for 
pursuit in a horizontal plane (Fig. 4). Since this could be the result of either 
route-referent or gravity-referent orientation by the spider, the problem de- 
scribed in Fig. 7, involving rotation of the bar in a vertical plane during pursuit, 
was devised to place the two forms of information into conflict. As a result 
(Fig. 8), the direction of reorientation agreed with the use of gravity as the 
preferred reference system in this situation (7c was an effective predictor of the 
observed 7r). In contrast to this result, Phidippus continued to rely upon route- 
referent information, to the exclusion of conflicting visual cues, when a similar 
experiment was conducted in a horizontal plane. 

Orientation with Reference to Visual Cues 

Directions which might be specified visually during a pursuit can, as a con- 
vention, be separated into two independent components: an angle with reference 
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Fig. 9A-C. The rotating plant experiment. A Vertical plane projection of the apparatus. The 
removable vertical cylinder which surrounds the plant is constructed of heavy white paper. The 
plant itself consists of a series of horizontal wood dowels (branches) passing through a thicker stem. 
The lever shown here was used to rotate the plant by 90 ~ during pursuit. In each trial, the spider first 
(I) turned to face the standard lure in one of four radial directions corresponding to the direction of 
the branches as viewed from above (B). The spider then ran a necessarily winding pursuit up the 
stem (2), to reorient (3) in one of the four radial directions. As shown here, each trial began with the 
spider on the stem at least two rungs (12 cm) below the position of the prey. Upon initiation of 
pursuit, the prey was immediately removed, and rotation of the plant was completed before 
reorientation. B Horizontal plane projection of this plant. C Schematic views of this apparatus from 
above. At center, the initial position of the fly (F) prior to rotation of the plant is indicated. Whether 
the rotation of the plant during pursuit was +90 ~ or - 9 0  ~ the resultant reorientation could be 
classified in one of three ways. The spider reoriented to face either the original direction of its prey 
in space (1), the direction of the branch (rotated by 90 ~ where that prey originally appeared (2; here 
that branch is marked in black although it is not so marked in the experiment), or some other 
direction (3) 

to  the  d i r e c t i o n  o f  m o v e m e n t  (0), a n d  a rad ia l  d i r ec t i on  wh ich  is p e r p e n d i c u l a r  
to  t ha t  d i r e c t i o n  o f  m o v e m e n t  ( t e rm ed  a radial orientation). In  t he  d e t e r m i n a t i o n  

o f  a r ad i a l  (0 - independen t )  o r i en t a t i on ,  v i sua l  cues b e y o n d  those  p r o v i d e d  by  the  
i m m e d i a t e  r o u t e  can  be  of  s o m e  use. S ince  the  c o m b i n a t i o n  o f  p rey  p o s i t i o n  (a 
po in t )  a n d  the  r o u t e  i t se l f  (a line) can  specify a u n i q u e  p l a n e  in space,  the  p rey  

p o s i t i o n  a lways  r e m a i n s  in t he  s a m e  rad ia l  o r i e n t a t i o n  wi th  respec t  to  a l inea r  
route .  T h u s  no  c o m p e n s a t i o n  for m o v e m e n t  is r e q u i r e d  to d e t e r m i n e  the  r ad ia l  
o r i e n t a t i o n  o f  t he  p rey  f r o m  a n e w  p o s i t i o n  a l o n g  a l inea r  rou te .  

O n l y  w h e n  the  sp ide r  is r e q u i r e d  to d e t e r m i n e  a rad ia l  d i r e c t i o n  f r o m  a 

c o m p l e t e l y  ver t i ca l  r o u t e  o f  access,  is t he  rad ia l  o r i e n t a t i o n  c o m p l e t e l y  inde-  
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Table 2. Pooled results of the rotating plant experiment (Fig. 9) for four adult P. pulcherrimus 

Series Condition of Number of Reorientations to face 
visual surround trials (N) the prey direction 

1. in 2. on the 3. other 
space pIant 

A white cylinder, lamp 210 10 177 23 
centered above plant 

B open room (no cylinder) 202 87 110 5 
lamp centered above plant 

C no cylinder, sunlight, 112 88 22 2 
under a blue sky 

D white cylinder, clear 163 9 134 20 
blue sky at zenith 

The numbered column headings correspond to the classification of results given in Fig. 9C. 
Enumerated results for series B and C were significantly different from those of control series A 
(P<0.001 in each case). This significant increase in type (I) results can be attributed to the use of 
either background visual cues by the spider (series B), or to the use of a combination of background 
cues with cues provided by shadows on the immediate plant (the latter possibility has not been ruled 
out with the more natural conditions allowed in series C). Results for series D were virtually 
identical with those for the control series A 

penden t  of  bo th  route- referent  and  gravi ty- referent  or ien ta t ion .  F o r  this reason  
the exper iment  descr ibed  in Fig.  9 was des igned to  pose the p r o b l e m  of  r ad ia l  
o r i en t a t i on  after a ver t ical  segment  of  pursui t .  As shown here, the conf igura t ion  
of  this  ar t i f icial  p l an t  was rad ia l ly  symmet r i ca l  in hor i zon ta l  pro jec t ion ,  a l lowing 
the spider,  which in general  r eo r i en ted  t o w a r d  one of  the b ranches  assoc ia ted  
with the  prey,  a choice of  four r ad ia l  d i rec t ions  in the  context  of  a cer ta in  
a m o u n t  of  visual  ambigui ty .  This  amb igu i ty  ( ident ical  b ranches  facing in each 
d i rec t ion  f rom the stem) was necessary  to avo id  the  genera l ized  recogni t ion  of  a 
b r anch  assoc ia ted  with the  p rey  by its form, as the sole d e t e r m i n a n t  of  rad ia l  
or ien ta t ion .  

Resul ts  of  this ro t a t i on  exper iment  are  p resen ted  in Table  2. W h e n  the p lan t  
was ro t a t ed  wi thin  a uniform, c losed cyl inder  (series A), each spider  m a i n t a i n e d  
an  accura te  r ad ia l  o r i en ta t ion  with reference to cues p rov ided  by  the p lan t  itself, 
regardless  of  the  fact tha t  a pursu i t  often involved  an  ascent  of  more  than  30 cm 
pr io r  to reor ien ta t ion .  The  course  of  each ascent  necessar i ly  w o u n d  a r o u n d  the 
s tem to avo id  the  obs tac les  posed  by  the a t t a c hme n t  of  branches.  W h e n  the 
su r round ing  white  cy l inder  was r emoved  (series B and  C), the  90 ~ r o t a t i o n  of  the 
p l an t  dur ing  pursu i t  p r o d u c e d  a conflict  be tween  the use of  b a c k g r o u n d  visual  
cues and  those  cues p rov ided  by  the exper ience of  the  sp ider  upon  the plant .  
W i t h  these cues in conflict,  the  spiders  fo l lowed b a c k g r o u n d  cues in a signif icant  
f ract ion of  the trials.  

D a t a  f rom a re la ted  exper iment  des igned as a po ten t i a l  d e m o n s t r a t i o n  of  the  
use of  the  pa t t e rn  of  po l a r i zed  skyl ight  at  the  zeni th  to de te rmine  a r ad ia l  
o r i en ta t ion  are  also p resen ted  here (Table  2, series D). Phidippus con t inued  to 
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Fig. 10. A Perspective drawing of an apparatus used to examine the ability of Phidippus to 
compensate for movement in three dimensions in the determination of a prey direction from a new 
position. The plant (consisting of a vertical wood dowel and horizontal leaves of heavy green paper) 
was situated within a partial white cylinder like that shown in Fig. 11 A. After the initial orientation 
to face the prey in a horizontal plane (1), the prey was immediately removed in each trial. Many 
spiders turned to face the secondary objective as shown here (2), and then moved to that secondary 
objective (3) prior to reorientation (4). In this situation, a reorientation turn (magnitude 4) which 
compensates for the movement should be both down and to the right. B Vertical plane projection of 
this problem. The component of reorientation in a vertical plane (qSv) should be directed distinctly 
downward, to compensate for movement by the spider to a position above its prey. C Horizontal 
plane projection of the same pursuit. The horizontal component of reorientation (qSh) should be 
distinctly to the right, as shown, to compensate for movement. Not all individuals would readily run 
this indirect pursuit, but for those which did so the direction of reorientation was recorded for each 
trial as either distinctly compensated or not with respect to each component (~b, and ~bh). In half of 
the trials shown in Table 3, the mirror image of the problem figured here was employed, requiring a 
distinct turn to the left for a compensated ~b h 

o r i en t  w i th  re fe rence  to  the i r  expe r i ence  u p o n  the  i m m e d i a t e  p l an t  conf igu-  

r a t ion ,  as if  t he  i n f o r m a t i o n  ava i l ab l e  in the  p a t t e r n  o f  sky p o l a r i z a t i o n  d id  n o t  
exist.  I n  this  e x p e r i m e n t ,  t he  sp ider  in i t i a l ly  s igh ted  the  p rey  as a s i lhoue t t e  

aga ins t  a b a c k g r o u n d  of  b lue  sky at  the  zen i th  (wi th  a l o w  so lar  a l t i tude)  at the  
onse t  o f  e a c h  trial .  At  p r e sen t  the re  is no  ev idence  to  ind ica t e  t ha t  Phidippus can  

ut i l ize  p o l a r i z e d  l igh t  pa t t e rn s  to d e t e r m i n e  a rad ia l  o r i en t a t i on .  

Compensation for Movement in Three Dimensions 

F i g u r e  10 a n d  T a b l e  3 p r o v i d e  a d e m o n s t r a t i o n  o f  t he  ab i l i ty  o f  Phidippus to  

r e o r i e n t  a c c u r a t e l y  af ter  a s e g m e n t  o f  pu r su i t  w h i c h  is n o t  c o n f i n e d  to  a s ingle  

p lane .  
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Table 3. Pooled results of the experiment described in Fig. 10, for eight P. 
pulcherrimus 

D.E. HilI 

Result Number of 
trials (N) 

1. Both horizontal and vertical components of reorientation 
(~b h and qS) are compensated for movement 158 

2. Only the horizontal component (qSh) is compensated 18 
3. Only the vertical component (qS) is compensated 20 
4. Neither component is compensated 2 
[Total number of trials] 198 

Directional components were considered to be compensated only if this occurred 
in the absence of any ambiguity whatsoever. For the variant of this problem 
shown in Fig. 10, this corresponds to a reorientation down (for a compensated qSv) 
and to the right (for a compensated ~bh). Intermediate (hence ambiguous) orien- 
tations were not considered to be compensated for movement. Compensation of 
either ~b h (results 1 and 2) or qSv (1 and 3) was observed in a highly significant 
(P<0.0001 in each case) majority of the trials 

Discussion 

Orientation in Three Dimensions 

Short - term memory  of  the prey posi t ion has been demonst ra ted  in the context of  
each of  three independent  reference systems (direct ion of  pursuit, gravity, and 
visual cues which specify a radial direction), by the isolation of  each system in 
turn. Nonetheless,  even in the preceding experiments, Phidippus demonst ra ted  
an ability to orient in three-dimensional  space. The ability to specify a relative 
position in space requires the use of  at least two independent  reference directions 
(they need not  be perpendicular) to specify direction, in addit ion to an appraisal  
of  distance. As an example, the hor izontal  bar  (Fig. 3) can be used for the study 
of  route-referent or ientat ion in the hor izontal  plane, but  only because gravity- 
referent and radial (visual) informat ion both  define that  same horizontal  plane. 
There is no doubt  that  Phidippus can reorient successfully in space, employing at 
least two independent  reference systems in concert  for the specification of  a 
direction. Since only two reference directions are required to define a direction 
in space, the use of  at least three systems by these spiders demands  some 
explanation. 

By definition, the route-referent and the radial orientat ions of  the prey 
posi t ion are always independent;  thus the two always suffice to determine a 
unique direction in space. Both  references m ay  be required in certain situations. 
Gran ted  that  gravity-referent informat ion is always available, an addit ional  
gravi ty- independent  reference is also required. In this regard, route-referent 
informat ion becomes more  impor tan t  as the route approaches  the horizontal .  
Similarly, radial or ientat ion is required when the direction of  pursuit  is vertical. 

An interesting feature of  many  segments of pursuit, like that  described in 
Fig. 10, is the fact that  the route  of  the spider may  be alternately hor izontal  and 
then vertical during the run, pr ior  to reorientation. Successful reorientat ion after 
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Fig. 11 A-C. Compensation for movement along an inclined (skewed) linear route of pursuit. A View 
of the simple apparatus that can be used for this demonstration. The fly (F) is presented to the spider 
(open circle) which rests upon an inclined wood dowel within a partial white cylinder, used to limit 
the use of extraneous visual information by the spider. B Schematic view of a sequence of skewed 
linear pursuit. After orientation to the prey (1), the spider ascends the skewed route (2) as the prey is 
removed, then completes an accurate reorientation (3). C Terms used in the description of this 
segment of pursuit in three dimensions. New terms include the inclination of the route of pursuit (Ts) 
and the distance between the position of reorientation by the spider and the original prey position 
(De). Other terms agree with definitions provided earlier 

a pursu i t  of  this  sort  should  require  the  successive use of  bo th  route-referent  
and  rad ia l  in fo rmat ion  at  different t imes, to act in concer t  with the omnipresen t  
gravi ty-referent  informat ion .  This suggests tha t  Phidippus can t r anspose  infor- 
m a t i o n  (with regard  to prey  direct ion)  between the two g rav i ty - independen t  
systems dur ing  a single segment  of pursuit .  The  re la t ive  s tabi l i ty  of  the gravi ty-  
referent  informat ion ,  i r respect ive of  the  p rob lems  (such as t ranspos i t ion)  posed  
by the use of  a curving p a t h w a y  amid  p lan t  conf igura t ions  of  changing  appea r -  
ance, wi thout  d o u b t  cont r ibu tes  great ly  to the  ease with which these spiders  can 
ma in t a in  a m e m o r y  of  prey  posi t ion.  The  a p p a r e n t  d o m i n a n c e  of  gravi ty-  
referent  i n fo rma t ion  over  conflict ing route-referent  in fo rmat ion  (Fig. 8) has a 
coun t e rpa r t  in the experience of  these spiders  in nature ,  where  gravi ty  r emains  a 
useful reference even as suppor t ing  leaves or  s tems give way under  the weight  of  
the spider.  

Two s imple  demons t r a t i ons  of  the abi l i ty  of  Phidippus to compensa t e  for 
m o v e m e n t  in three  d imens ions  are given here  (Fig. 10 and  Tab le  3; Fig. 11). As 
no ted  above,  rad ia l  o r i en ta t ion  is only  requi red  if the rou te  is comple te ly  
ver t ical ;  in all  o ther  s i tua t ions  route-referent  and  gravi ty-referent  i n fo rma t ion  
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will suffice, given a certain handedness (which does exist) on the part of the 
spider. Since the visually determined radial direction remains constant during a 
linear segment of pursuit (Fig. 11), movement compensation is basically relevant 
to the use of route-referent and gravity-referent information. 

In theory, compensation for movement in space is rather simple: The vector 
of movement during pursuit (magnitude S) must be subtracted from the initial 
spider-to-prey vector (magnitude D), to determine the new spider-to-prey vector 
(magnitude De). Figure 11 C provides a description of the information content of 
this problem, with respect to the use of the spider-centered route-referent and 
gravity-referent systems. Based upon the relationships shown in Fig. l lC ,  the 
two directional components of reorientation can be calculated: 

[ DsinO ] 0c=sin-  1 

[(D 2 --2DS cos 0+$2)  ~-] 

and 

[ DsinT-SsinTs ~] 
?c = sin- 1 [( D2 _ 2DS cos 0 + S2)~J" 

A most interesting conclusion emerges from this analysis: An ability to integrate 
information (D, 0, and S) which is determinative of 0c, is required for the 
determination of ~ as well. If Phidippus can determine ?~ with some accuracy, 
then it must also have the requisite information for the determination of 0 c with 
a similar accuracy. Thus route-referent orientation plays an imperative role in 
compensation for movement within the gravity-referent system. By similar 
analysis, an appraisal of the new prey distance (De) is also implicit in the ability 
to determine Yc: 

D~ = (D 2 - 2DS cos 0 + $2) ~. 

Again this analysis leads to a most interesting conclusion, since De, in concert 
with the two directional components (7c and 0c), completes the definition of the 
prey position. If Phidippus can determine an accurate approximation of 7c, then 
it must also have all of the information required to determine the actual position 
of the prey with a similar accuracy. This interpretation agrees with the observed 
ability of Phidippus to execute accurate, and direct, reorientation turns in space. 

One can conclude that the available reference systems for the determination 
of prey direction are not employed independently during the pursuit. Each form 
of information available to the spider can be considered to contribute to at least 
the functional equivalent (discerned from behavior) of an integrated world view 
based upon the fixity of three-dimensional space, irrespective of movement 
within that space. 

The Mechanism of Route-Referent Orientation 

It has been shown (Fig. 4B) that accurate reorientation did not require any form 
of visual feedback. An imperative question, then, is the explicit nature of the 
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information used by the spider as it orients with reference to the direction of 
pursuit. The ability of salticids to face sighted prey in the absence of visual 
feedback (Land, 1971) clearly demonstrates a close relationship between in- 
ternalized directional information and the coordinated execution of a cor- 
responding turn by the spider. It is possible that route-referent information is 
acquired in a related, but inverted, manner: The execution of a directed turn 
(toward the route) may be the source of this information. The role of 0 (initial 
route-referent orientation) as a determinant of 0 r (route-referent reorientation) 
may be compared with the general ability of arthropods to compensate for a 
forced turn with a reverse turn when allowed to do so, in order to maintain a 
course (Akre, 1964; Wilson and Hoy, 1968; Burger, 1971; Schiller, 1975a and b). 

Mittelstaedt-Burger (1972) proposed a classification of oriented behavior 
into its respective allothetic (based upon the use of external references) and 
idiothetic (internal references) components. In general the direction of the route 
(allothetic reference) and the axis of the prosoma (idiothetic reference) are in 
alignment during pursuit, and both can contribute to the use of the route as a 
reference direction. 

Comparison with Other Spiders 

For this study, a segment of indirect pursuit provided the behavioral context for 
the study of salticid orientation. It appears that the execution of a distinct 
reorientation to face the prey position during indirect pursuit is uniquely a 
feature of salticid behavior, among the chelicerates. This is clearly related to the 
extraordinary use of vision by spiders of this family. 

Apart from its behavioral context, however, the information used by the 
salticid to orient in space compares with that used by both agelenids and 
araneids to orient within their webs. These web spiders are known to employ 
idiothetic route-referent information (Holzapfel, 1933; Gtirner, 1958; Moller, 
1970), gravity-referent information (Bartels, 1929; Peters, 1932; Holzapfel, 1933; 
LeGuelte, 1969; Robinson, 1969) and visual cues (Bartels and Balzer, 1928; 
Bartels, 1929; Peters, 1932; G/Srner, 1958, 1966; Dornfeldt, 1975a and b) to 
determine direction. Like the salticid Phidippus, the agelenid Agelena (Dornfeldt, 
1975b) and the ctenid Cupiennius (Barth, 1976) can also retain information with 
regard to the distance of their movement during a short foray in pursuit of prey. 

The apparent inability of Phidippus to utilize patterns of sky polarization 
(Table 2, series D) does not conform with results obtained with other spiders, 
including the agelenid Agelena (G6rner, 1958, 1962, 1966), the lycosid Arctosa 
(Papi, 1955, 1959), and the theraphosid Eurypelma (Henton and Crawford, 1966), 
which do employ this information in the context of astromenotaxis. 

Land (1969a) suggested that the anterior medial eyes (AME) of salticids 
might contain receptors capable of detecting the plane of polarized skylight, 
although there is no behavioral or physiological evidence to this effect at 
present. It is possible that the specialization of the salticid AME for purposes of 
high resolution (form vision) has taken precedence over the potential (and 
perhaps more primitive) role of these eyes in the detection of polarization 
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patterns. In this regard, the AME of salticids have a very restricted field of 
vision (Land, 1969a and b), when compared with those of other spiders, and 
they are seldom directed toward the sky during a pursuit. Of  course there is 
always a possibility that some undiscerned applications for the ability to discern 
the plane of polarized light do exist in the behavioral repertoire of salticids. 

The Use of Detours 

Most of the published descriptions of predatory pursuit by salticid spiders 
(Homan  n, 1928; Drees, 1952; Gardner,  1964, 1965; Forster, 1977) are based 
upon the observation of captive salticids upon flat, horizontal surfaces. On such 
a surface, a salticid will pursue and stalk its prey directly. Nonetheless it is really 
quite easy to demonstrate the ability of these animals to conduct a detoured 
pursuit. 

Several field observations of the author should serve to illustrate the impor- 
tance of this ability to the salticid spider, quite apart  from the context of 
predatory pursuit. In one instance an immature  Phidippus princeps was observed 
during a period of 'active search', characterized by intervals of movement  
frequently interrupted by bouts of visual survey (execution of a series of turns in 
place). After stopping to survey (sustained facing) a cluster of the leaves of 
Euphorbia esula, this spider quickly ran a detour to this apparent  objective, and 
subsequently used the leaves to support  its molting sac. An adult male P. audax 
conducted an extensive detour, interrupted by bouts of visual courtship display 
at the onset, in pursuit of a female of the same species sighted at a distance of 
20cm.  Visual survey of the environs is a major  activity of these spiders; 
presumably this survey is employed by the spider to locate its objectives, which 
may then be attained by means of a detour should this prove necessary. 

A number  of vertebrate predators are reported to employ detours during 
their pursuit of prey (Curio, 1976). Land (1974) described the remarkable 
evolutionary convergence of salticid vision with that of a predatory mammal ;  
given the constraints of environmental geometry, there is good reason to believe 
that the basic features of detoured pursuit, as conducted by salticids and 
vertebrates, are very similar. 

Bees can retain a memory  of the relative direction of either their hive or a 
feeding station, which compensates for their own nonlinear movement  (yon 
Frisch, 1967). The ability of a bee or wasp to conduct a foraging expedition may 
be compared with the ability of a salticid to conduct a detour in pursuit of prey: 
In each case, visual information is a significant determinant of the immediate 
direction of movement,  and a requisite memory  of the relative direction of a 
'p r imary  objective' (either the colony, or the prey position, respectively) must be 
corrected for the movement  of the animal. 
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