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ABSTRACT 

Behavio ra l adaptat ions for resource acqui s i tion in the long jawed 

orb weav ing sp ider Tetragnatha e l ongata Wa lckenaer (Araneae 

Tetragnathidae ) are documented in this study. It examines the form and 

mechanism of spider foraging behavior , an es sential  prerequisite to the 

rea l i zat ion of the comme rc ial use of spiders in integrated pes t 

management. Be ing the mo st common and ub iquitous of insect p redators,  

sp ide rs offer tremendous potential as stabi l i zers in agroeco systems with 

uns table cyc l ing of  phytophagous insects.  The init ial part of this  st udy 

examines the mechani sms emp loyed by � e l ongata in select ing a habitat , 

and demons trates that spiders do not bui l d  webs whe re the ab iotic 

env ironment is  unsuitable ;  under the se c ircums tances the re i s  inc reased 

random locomot ion. Where the immediate phys iologica l requ irements of the 

spider are sat i s f ied,  web bui l d ing may occur when a sp ider can locate 

suitab�e support structure s. Residence time at a s ite is  determined by 

an interaction of spider hunger leve l  and prey avai labi l ity. 

The nature of this inte raction is furthe r examined in the second 

part of thi s study by comparing two populations with marked dif ferences 

in behaviora l  acti vity patterns and prey capture rate. The spec ific  

foraging strategy adopted in  any gi ven s ituat ion i s  highly plas t ic.  

Whe re prey avai labi l i ty is  low, a "'s i t-and-wa it'' st rategy is  adopted;  

where high, they are "'mobi le"' predators. A model is deve loped to exp lain 

thi s dichotomy in terms of "'r isk"' ; i.e. , hunge r-spec ific re sponses to 

var iabil ity in resource abundance. The mode l is  va lidated. The beha vior 

of s it-and-wait foragers is "'risk prone"': predators capital i ze on 

variabil ity in resource abundance by .rema ining for ext ended periods at 



iv 

any s i te offering a sustainab le prey capture rate. A mobi le predator is  

"'r isk averse", avoiding variab i l ity in  resource abundance by continual 

sampl ing to exp lo i t  the habitat average. 

The mode l de veloped also suggests a pos iti ve advantage to 

aggregative behavior in � elongata at high prey dens ities .  The extent 

and form of this  behavior is examined in the fina l part of this study 

through experimenta l manipu lation to a l l ow the establ ishment of ve ry 

high leve l s  of prey avai labi l ity. Such conditions induce a degree of 

cooperation: reduced indiv idual web building and si lk sharing. 
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CHAPTER I 

INTRODUCTION 

The interactions between sp iders and their environment have been 

invest igated systemat ica l ly only within the pas t few decades ,  during 

which t ime informat ion on sp ider eco logy has burgeoned. Only in the last 

few years , however, has this been cons idered with respect to the 

behavior of the spide r. This  study is  concerned with the behav iora l  

adaptat ions exhibited by sp iders for the acquisit ion o f  resources.  

There are two distinct approaches to an adaptat ionist s tudy of the 

phenotype-environment interact ion of an indiv idual.  Firs t ly,  the "a 

posteriori" approach: given that certain phenotyp ic characters are 

corre lated with part icu lar ecological c ircums tances ,  what is it that 

renders them more appropriate for gene transmi ss ion? Second ly,  the "a 

priori"  approach: what kinds of characters might be expected to be more 

appropriate as aids for gene transmiss ion in prescribed eco logical 

circums tances ?  The f irst quest ion uses the comparat ive approach, 

ana lyzing characters of different specie s ,  or populat ions of the same 

spec ies l iv ing in different or simi lar ecological ci rcums tances. The 

second question at tempts to p redict,  by means of conceptua l or algebraic 

mode l s ,  what characters ought to promote fitness  and hence what 

characters ought to be se lected in carefu l ly defined environmenta l  

condit ions. Both these approaches are emp loyed in this study in order to 

gain ins ight into the behav ior of the long j awed orb weav ing sp ider 

Tet ragnatha elongata Wa lckenaer (Araneae : Tet ragnathidae) and its 

effect on the eco logy of the species. I a l so cons ider the universal ity 



of some of the exp lanat ions used to describe certain behavioral 

phenomena in T. elongata. 

Rat ionale 

Natural ecosystems exhibit cons iderab le res istance,  res i l ience,  or 

both, to periodic,  severe or acute dis turbance (Odum 1983). Many 

organisms actua l ly require stochas tic disturbance,  such as fire and 

storms , for long term pers is tence. Accordingly , ecosystems may recover 

rather we l l  from many anthropogenic dis turbances ,  such as ep isodes of 

pollut ion or period ic harvest ing. If, however,  a disturbance i s  

pers istent o r  cont inued, the effects on an ecosystem may b e  pronounced. 

The maintenance of monotypic stands of vegetat ion for the efficient 

management of food crops,  for examp le ,  has led to unstable  cycl ing in 

associated phytophagous insects (Li 1 982).  This  type of s ituat ion is a 

major concern in agroecosystems (Coppe l and Mertins 1 977) as it 

frequent ly leads to excess ive economic damage. 

2 

The modern approach to management of insect pests is an integrated 

one. The strategy involves using short season variet ies of a crop (which 

mature before pest popu lat ions can buil d up) and cu l tural practices 

(til l ing,  irrigat ion, fert il izing) that discourage pests and encourage 

their natura l enemies,  combined with j udicious use of several kinds of 

insect icides. The new contro l system is based on the premis.e that the 

"war" on pests  can never be ''won" , but pests can be contro l led in order 

to minimi ze the probabil ity of an outbreak and thereby al l ow an 

agroecosystem to maintain a margin of profit  to the growe r. In recent 

years ,  therefore, insect pes t management has changed its  emphasis  from 
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specia l ist predators ,  which may eradicate insects ,  to genera l ists ,  which 

serve to "buffer" the sys tem. For this reason ,  spiders , being the mos t  

common and ubiquitous o f  insect predators (Bristowe 1958) ,  are rece i ving 

increas ing attent ion as pos s ible agents for use in insect pes t 

suppression (Riechert and Lockley 1984).  As yet ,  there is a marked 

pauci ty in the l iterature on the interaction of sp iders with the ir  

insect prey. (See Riechert [ 1 975 ] ,  Nentwig [ 1980 ] and Louda [ 1 98 2 ]  for  

notable except ions and in which the effect  of  sp iders on pest species 

was found to be s ignif icant. ) Before the i r  commercial use can be 

rea l i zed, therefore ,  a cons iderable amount of work is requi red in order 

to understand the mechanics invol ved in spider foraging. The present 

study is  a contribut ion towards this end. 

Study Subjec t 

Spiders ,  which cons t itute the order Araneae , one of the 1 1  orders 

of the Arachnida, occupy almost every poss ible hab itat,  large ly as a 

result  of a great d i vers ity of prey capture techniques (Bristowe 1 958).  

As a group ,  they exhibit several striking pecu l iarit ies. Al though 

wingles s ,  a sp iderl ing can float its  threads on the breezes ,  and can be 

carried up through the air, often reaching tremendous height s ,  and 

sai l ing for long distances. This "bal looning" beha vior of spiders 

permits their  colonization of areas at a rate not poss ible  even for 

winged insects (Gertsch 1 9 79 ) .  Un less they arrive in an environment 

favorable  for survival , however ,  they are unl ike ly to survive for very 

long . 

Another unique feature of sp iders is  the i r  cop ious use of s i lk: 



sp iders are born in a s i lk nursery; they escape danger on a s ilk rope;  

they wrap their  eggs in a s i lk coccoon; and they hibernate in a s i lk 

chamber. Many groups of  sp ide rs have further expanded their  use of si lk 

to make a t rap for capturing prey. By the ir  morphol ogy, these traps are 

ident ified as tube webs ,  purse webs ,  sheet web s ,  tangl ed webs and orb 

webs. The orb web is the most  highly evo l ved of a l l  the space webs 

de ve loped by sedentary spiders (Gertsch 1979) ,  

4 

Sp iders a l so have a characteristic mating strategy. The pa lp  of the 

ma le is special ized to rece ive sperm by a process  of "sperm induc tion." 

After court ing a fema le ,  mat ing is  accomp l ished by means of a series of 

accessory apophyses on the pa l p i ,  on the legs , or on other parts of the 

body , which s ieze and orient the bodies of both sexes in such a way that 

the ma le palpus can come into contact with the apparatus of the 

ep igynum, the geni tal opening of the fema le special ized to recei ve the 

male palpi. 

Of al l the Araneae, species in the genus Tetragnatha are among the 

most  abundant worl dwide. The sp iders const itut ing this taxon are very 

distinct ,  with long s lender bod ies and legs , and large mandib les (Kaston 

1948), Unt i l  recently, they were cons idered a small and primitive fami ly 

(Bristowe 1 958). This assignement was based on the s imp licity of their  

genital ia. The assumpt ion is made that the higher taxa have evol ved 

increas ingly comp lex genita l ia ,  which is general ly true (Gertsch 1979) .  

Lev i  ( 1978) ,  however, proposes that the tet ragnathids are best  

considered an advanced group , and shoul d  be  placed in  a subfamily of the 

l arge orb weav ing fami ly Araneidae to avoid the problem of p l acing them 

in an intermed iate taxon. He bases his_propos it ion on examinat ion of the 
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structure of the eye s. These are s imp le in al l sp ide rs and tetragnathids 

have eight pos itioned acros s  the front of the head. In conj unc tion with 

the genital ia,  Lev i  cons iders these to be the most  useful character in 

the study of spider phylogeny. The tapetum is a canoe shaped structure 

found in the eyes of primitive spiders.  As the lateral eyes move farther 

away from the medians (general ly corre lated with the switch to  an aerial 

existence ) ,  the tapetum shrinks;  and wide separat ion of the eyes (from 

the medians) indicates special izat ion in many groups. 

Due to the complete absence of a tapetum, Lev i  ( 1 98 1)  does not 

consider the tet ragnathids to be primi ti ve. Further evidence comes from 

detai l s  of the morpho logy of the che licerae, the front j aws ,  which 

cons ist of a stout basal segment and a terminal fang. As a group , 

tetragnathids have very powerful che l icerae which, in addit ion to the ir  

funct ion in feeding , serve as modified hol dfasts  for mating. This 

characte ri stic may be responsible for the absence of an epigynum. In T. 

elongata, the need for such an ep igynal coup l ing is obviated by the 

strong coup l ing of the male  and female chel icerae. Indeed,  the type of  

chel icera! arma ture is  corre lated with the genital characters of  

tetragnathids (Leht inen 1 9 7 8 ) .  

I t  appears , therefore , that the genus Tetragnatha is  special ised, 

spinning an orb web homo l ogous to that of the araneids (Le v i  1 978) .  

Species of this genus are found on al l cont inents and i slands that have 

been surveyed,  and in arct ic,  temperate and tropical c l imates.  In North 

America, 15 spec ies have been described (Levi 1981 ). 

Tetragnatha el ongata i s  eas ily  distingui shable  from other spec ies 

of the genus by its except ional ly long che l icerae (Fig. 1 ). The pa lp of 
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Figure 1 .  Morphological features  o f  Tetragnatha el ongata Wa lckenaer. 
(A) Lateral view of female. (B) Che l icerae and eye region of 
fema le. (C) Latera l view of ma le. (D) Chel icerae and eye 
region of ma le. (Sca le l ine s.  l .Omm. ) (From Lev i  198 1 )  

6 
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the ma le is a l so a distingu ishing feature: during the fina l mo l t  of al l 

spider species the palpal tarsus of a ma le become s modified to carry a 

more or less comp lex copu latory organ. The pa lp  may be prov ided with one 

to several  apophyses ,  which, becau se of the infinite variety of shapes 

assumed in di fferent species ,  are of the utmost  taxonomic va lue. The 

tarsus general ly has a stout bowl shaped cav ity on its  ventra l  surface , 

and hence is ca l led the cymb ium. This carries an extens ion, the pa lpa l  

organ , made up of hard part s ( sc lerites) and soft areas (hema todochae). 

One sclerite,  the conductor, so cal led for its  funct ion as a coupl ing 

guide , is a key taxonomic character of � elongata. In this species the 

conductor tapers even ly to its  t ip ,  and terminates in a minute hook bent 

towards the cymbium. In the fema le,  the median of each of the two pairs 

of semina l receptac les is characteristical ly elongate, and they are 

p laced paraxial in the abdomen, para l le l  to each other. This species i s  

genera l ly found ove r  s treams o r  other running water (Le v i  1 98 1 ). 

In common with others of the genus ,  the orb web of � el ongata 

ranges from horizonta l to vert ical , having an open hub, cut out after 

the web is compl eted (Wieh le 1 963) .  The orb web is built  by immature 

spide rs and mature female s ,  and i s  genera l ly located over streams o r  

o'ther water,  often in woods or  other shaded places (Levi 1 9 8 1 ) .  It i s  

de l icate and short l ived , being taken down and ingested dai ly if  no t 

more frequent ly. Such act ivity reduces the ca loric cost  of a given web 

by 95% (Peaka l l  1 9 7 1 ). Be ing, in addit ion, an ext reme ly l ight and 

fragile  s tructure , the web of T. e l ongata must have a minima l ca lorific 

value. The cost  of web construct ion wil l,therefore, be derived almost 

exclus ively from the act ivity invo l ved in building (Prestwich 1977) .  
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Mature males do not buil d  webs:  they feed by scavenging off the webs of 

fema les.  The sp ider is  genera l ly found in one of three pos itions (Fig. 

2 ) :  A) At the hub of the web,  legs extended in a paraxial  direct ion; B) 
c l imb ing along s i lk threads suspended from the substrate; or  C) f lat 

against the substrat e. Adults  are found almost  a l l  summe r, and l i ve for 

the season. Because ma les are almo s t  as common as females ,  they are 

general ly cons ide red to have a s imi lar l ife span (Lev i  198 1). Mat ing 

occurs without any obv ious courtship. A secure coupl ing is achieved when 

the ma le grabs the female's  che l icerae with his  fangs ,  The ma le uses his  

palpae a lternately ,  and the fema le coi l s  her abdomen under to recei ve 

the� A week after mat ing, the female may produce severa l  eggsac s :  

fluffy structures broadly attached to the vegetat ion. The young hatch 

soon after thi s ,  and overwinter in immature s tage s. 

The spec ies was chosen on the bas i s  of its uni versal ity and ease of 

manipulat ion. Further ,  its genera l conf inement to r iparian habitats 

s t imulated the initial  study of how such specif icity might be achieved. 

Marked diffe rences in foraging behavior between habi tats were noted 

early on in the study and subsequent work focused on the extent and 

nature of these d ifference s. 



c. 

Figure 2 .  Typical posit ions adopted by Tetragnatha elongata . 
(A) Act i ve ly foraging (spider at the hub of the orb: ventra l 
view). (B) Wandering (sp ider walking along s i lk threads 
suspended from the substrate ). (C) Inact ive concealment 
(sp ider st retched out flat against the subs trate). 

9 
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CHAPTER II 

ANALYSIS OF STUDY AREAS 

Introduct ion 

Data were co l lected from two habitats differing in te rms of 

exposure to the elements as we l l  as abundance of insects. One study site 

was a heavily wooded sect ion of creek (a l t itude 1 140 m) (f ig. 3) bes ide 

Highl ands Bio logica l Stat ion in North Caro l ina. The s ite is coo l and 

shel tered,  wind speed never hav ing reached a measurab le level during the 

study period. The sha l l ow creek running through the s ite fl ows out of a 

man-made lake, Lake Ravenel ,  and is a t ributary of M i l l  Creek. 

The other study site was an area near the edge of the east s ide o f  

Lake Sequoyah (a ltitude 1 1 2 1  m )  (f ig. 4 ) ,  near the point where i t  i s  fed 

by the Cu l lasaja River, 3.2km west of Highlands. Here is an area where 

.the dead branches and twigs of a bea ver-fel led conifer jut  out of the 

water, the rest  of the tree being submerged. 

Methods 

Topography of  Aquat ic Area 

On the creek, measurements were taken of width and depth at 5 m 

interva l s  over 30 m. The rate of f l ow of  water was est imated using an 

anemometer, the cup of which was he l d  so as to just  touch the water' s 

surface. The r.p.m. of the head, which was registered automat ical ly on 

the ma in body of the anemometer, was converted so as to obtain a va lue 

for the l inear ve locity of the stream. The lake was a ve ry large body of 

water (area approximately 0 .9 km2) ;  width measurements were not 



Figu re 3 .  Photograph taken in the creek habitat . 
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Figure 4 .  Photograph taken in the lake habitat. 
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considered necessary. Depth measurements were , however ,  taken at 5 m 

interva l s  from the bank to 30 m out into the water. The current wa s too 

s l ow to a l l ow measurements of water f l ow rate. In both habitat s ,  

qual itative measurements of  numbe r and type of p lant spec ies were 

est imated . 

Cl imatic Features 

Wind measurements were taken us ing an anemometer,  the wind induced 

r.p.m. be ing trans lated into a l inear ve l ocity. Temperatu .res were taken 

using a copper cons tantan thermocouple mode l led and painted so as to 

have a simi lar s i ze,  shape and color of an ind ividual � e l ongata. A 

l ight meter was used to measure l ight intens ity ( l umens/m2).  The 

tempe rature and l ight intens ity profiles  and wind velocity were compared 

between habitats by taking hourly recordings over a three day period. 

During this t ime, rapid shutt l ing backwards and forwards between the 

creek and the lake on a gi ven c lear, sunny day , a l l owed comparable 

measurement s from the two habitat s.  Measurements were taken in both the 

sun and the shade at each site .  

Structures Used For Web At tachment 

.A total of 6 3  webs on the creek and 9 1  on the lake were examined to 

find the st ructures used for attachment. Potent ial  st ructures were 

categorized as fol lows:  Twigs ( i .e. , branche s of diameter 2 em or less) ,  

branches (greater than 2 em diameter),  logs I tree trunks (diameter 30 

em or more ) ,  leaves , mos s  and wire fenc ing. 
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Availab i l i ty of Emergent Aquat ic Insect s  

In order t o  estimate the di vers ity o f  aquat ic insects in the two 

habi tat s ,  two methods of co l lect ing were used. On the creek, a Surber 

samp ler was emp loyed to samp le five locat ions , picked at random, at 

three interval s  through the summer. Insects were ident if ied to fami ly, 

and the number of each was recorded. Surber samp l ing was performed in a 

simi lar manner on the lake, but another method of samp l ing was used in 

addit ion. The study site on Lake Sequoyah was over a fairly stagnant 

basin of water, most l ike ly oxygen def icient in its  l ower depths , and 

available for co l onization here only by species that can surv ive 

anaerob ical ly. It  was found neces sary, therefore , to samp le the aquatic 

fauna in the upper sect ion of the ·lake. Random samp les of surface water 

were co l lected (sample  vo lume 2 l itres)  and the number of insects  

(inc luding the number of  pupal and larval cases)  were recorded after 

ident ificat ion to fami ly. As with the surber sampl ing , five locat ions 

were samp led at interva l s  (approximate ly 3 weeks ) throughout the field 

season. 

Results  

Topography of Aquatic Area 

Excep t  during periods of flooding and drought,  the width of the 

creek varies from 0.7 - 1 .2 m; its  depth ranges from 0 to a maximum of  

65 em. The rate of f low of  the water ranges from 0 - 3.34 m/s , faster 

moving water being associated with sha l l ower sect ions. The woodland i s  

mixed deciduous ,  with rhododendrons in the understory. Ground vegetat ion 

in the area is sparse, compris ing mainly shrubby plants of the genera 



Gaylax and Leucothoe. Twi gs, branches and leaves from all vegetat ion 

l e vels overhang the creek extens ively,  a l l  being potent ial structures 

for web attachment .  

The lake habitat is  very exposed. One side of the s ite adjo ins a 

dense cover of beech branche s which overhang the water from an area of 

dense mixed dec idu ous forest. The other side adj oins the ma in body of 

the lake. 

Cl imatic Features 
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The graph (Fig. 5) shows the temperature (in both the sun and the 

shade ) imp inging on a mode l spider at different t ime s of the day on the 

creek and the lake (averaged over 3 days).  As can be seen, the 

tempe rature on the lake was cons i s tent ly higher than that on the creek, 

but the difference was far more pronounced in the direct sun l ight on the 

l ake, where the temperature reached 10°C highe r than the shade 

temperature. On the creek, the temperature dif ferent ial between sun and 

shade was far less  pronounce d. The di fference in temperature between the 

lake and the creek was less pronounced at night ,  al though it was 

cons i stent ly lower on the l ake. S imilarly,  reco rdings of l i ght intensity 

(F ig. 6) showed a consistent ly higher reading on the lake than on the 

cree k.  

Wind ve loc ity was not measurable on the creek, as it never attained 

suffic ient force to drive the anemometer at any t ime during the course 

of the measurements. On the lake , though the area is very expo sed, the 

average variat ion in wind speed ranges on ly from 0 to 0.02 m/s. 
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Structures Used For Web Attachment 

Cons idering both habitat s  together, it was found that twigs 

(usual ly dead) are by far the most  frequent ly used st ructures .  

Cons idering al l structures used for web attachment , they are used 47.7% 

of the t ime. Other structures used are leaves (most ly Leucothoe)(25 .7% ) ,  

branches ( 1 5 .9%) , logs or  tree trunks (5.0%) , wire fencing (4. 1%) and 

mo s s  ( 1 . 6 % ) . 

Availabi l ity of Emergent Aquat ic Insect s 

Results  from samp l ing of the aquat ic habitat (averaged over the 

three samp l ing periods) are shown in Table 1 .  The numbers serve as an 

est imate of the re lat ive divers ity and abundance of the aquat ic insect 

fauna in the two habitats.  The numbers on the lake ind icate the number 

of adults  present or the numbers that have emerged (pupa l cases) over 

approximately the last  2 days (the rate of dis integrat ion of cases)  over 

an area (approximate ly 5m2) of the l�ke. The numbers  on the creek 

indicate how many insects are potential ly avai lable for emergence over 

the entire season from an area of approximate ly 5m2• As can be seen, the 

numbers of emergent insects  are very much higher on the lake than on the 

creek. Indices of divers ity were ca l cul ated for both creek and lake 

samp les. The Shannon-Wiener Index (H' ) ,  which gives greater weight to 

rare species ,  gave a value of 3 .30 for the creek and 1 .40 for the lake. 

The S imp son Index (C) ,  which gives greater weight to common species ,  

gave a value of  0 .86  for the creek and 0 .65  for the lake. Both these 

indices ,  therefore , indicate a much higher species diversity on the 

creek than on the l ake. 
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TABLE 1 .  COMPARING WATER SAMPLES IN LAKE AND CREEK HABITATS. 

CREEK LAKE LAKE 
( surber) ( surface ) ( s u rb e r ) 

DIPTERA 
Cul icidae 

Lg pupal cases 7 . 5+0.96  
Sm pupal cases 4 . 5+0 . 49 
Larvae 0 . 7+0 . 13 
Adults 3 . 0+0.49  

Chironomidae 
Pupal cases 8 . 7+0 . 36 
Larvae 14.0+0.85 8 .0+2 . 1 4  
Adults 2 .0+1 . 16 

Tipulidae 5 . 7+0 . 44 
S imul idae 2 .0+0 . 2 1  

PLECOPTERA 
Perlidae 0 . 5+0. 1 3  
Capniidae s . s+o . 4 1  

EPHEMEROPTERA 
Heptageni idae 4 . 3+0. 34 0 . 5+0 . 1 3 
Ephemeridae 0 . 3+o . 1 3 
Beat idae 0 . 3 +o  . 1 3 
Leptophlebi idae o. 7"+o. 13  

OOONATA 
Aeschnidae 
Nymph case 1 . 0+0 . 2 1  0 . 7+2 . 2 7  
Adult s 0 . 7+0. 1 6  

COLEOPTERA 
Elmidae 
Larvae 5 . 3 +0. 44 o. 5+0 . 10  
Adults  I .t+o. 26 

TRICHOPTERA 
Limnephilidae 0 . 7+0 . 1 3  
Hydropsychidae 4 .  7"+o. 47 
Hydrophilidae 0 .  3"+o. 10  
Leptoceridae 4 .  3+o . 52 
Polycentropodidae o. 3+o. oa 

HEMIPTERA 
Gerridae 
Nymph cases 1 .  7+0 . 1 3  
Adult s 3 . o+o. 2 1  

OSTRAOODA o.s+o.oa 4 1 .0+5.09 
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Discus s ion 

Thi s  analys i s  shows that the two study areas were markedly 

different in terms of both biot ic and abiotic parameters. The creek 

habitat offers a coo ler (on average ) ,  she l tered envi ronment ,  with a 

minima l amount of dai ly fluctuation. The lake habitat undergoes marked 

daily cl imatic fluctuations , often being very warm in the middle of the 

day and very coo l at night. Prey availabil ity is  much highe r on the lake 

than on the creek, but the spec ies di vers ity of the aquat ic insect fauna 

is much l ower in the lake, be ing almost  al l dipteran (midges or 

mosquitos ) . 

Before this study was started, populations of � elongata were 

found in both these habitat s.  It  was the early recognit ion of very 

marked differences in the behaviora l repertoire of the two populat ions 

that t riggered the present research. 



CHAPTER III  

HABITAT SELECTION IN TETRAGNATHA ELONGATA: A SEQUENCE OF  THREE 
COMPONENTS 

Introduct ion 

One of the most important dec is ions web building spiders make 

du ring the ir l ife cyc le is that of se lect ing a site in which to bui ld. 

As in other anima l s  (Fretwe l l  and Lucas 1970 ,  Fretwe l l  1972 ,  Stearns 

19 77) these decis ions are known to strongly inf luence spider growth, 

surv i val  and reproduct ion (Riechert and Tracy 197 5). Studies that 

de l imit the extent of a spider's abi l ity to select a hab itat are vital 

in order to determine their  potent ial as  pest  cont ro l agent s (Riechert 

and Lockley 1 984).  Habitat ut i l izat ion has been de scribed in a large 
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number of spiders,  strong associat ions being found with abiot ic factors 

such as structura l features (Barnes 1953 ,  Cherrett 1964 , Duffey 1966 ,  

Ha l lander 1967 , Hol lander and Lof 1972 ,  Enders  1973 ,  1974 , Co lebourn 

1 974 , Curt is and Morton 1 974 , Greenquist and Rovner 1976 ,  Cut ler et al .  

1977 , Cady 1978 , LeSar and Unz icker 1 978 , M.H. Robinson and Lubin 1979b,  

J .V .  Rob inson 1 98 1 ,  M .H. Robinson 1 982, Horton and Wise 1983 ,  Stevenson 

and Dinda l 1982) ,  temperature (Coventry 1967 , Almquist 1 970 , 1 973 ,  Edgar 

and Loenen 1974 ,  Robinson and Rob inson 1 974 , Biere and Uet z  1 98 1 , M .H. 

Robinson 1982) ,  wind (Eberhard 1 97 1 ) , ra in (M.H. Robinson 1 982)  and 

humidity (Clouds ley Thompson 1957 , Almqu ist 1973 ,  Cady 1 978).  They have 

·also  been found to aggregate in areas of high prey avai lab i l ity 

(Cherrett 1964 ,  Turnbu l l  1964 , Dabrowska Prot and Luczak 1 968a and b, 

Hardmann and Turnbul l  1974, Greenstone 1978 ,  Lubin 1 978 , Ho l l dobler 
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1 970,  Uet z  and Burgess  1979 ,  Bishop 198 1 ,  Gi l lespie 198 1 ,  Wise 1981 , 

Mackay 1 982, Morse and Fritz 1982). Such associat ions need not , however, 

imp ly habitat se lection. Random dispersal is known to occur in spider 

populat ions. Many of the araneids that co lonize o ld fie lds and early 

success ional stage vegetat ion for instance produce large numbers of  

offspring (in exces s  of a thousand individuals  for each fema le) which 

di sperse as spiderl ings through aerial ba l looning (To lbert 197 7). In 

these spec ies , less emphasis  is placed on the surv ival of individua l s  

and more on the di spersa l of one' s offsp ring into new hab i tats.  

Dispersal by mas s  ba l looning has a l so been l inked with hab itat 

variabi l ity: the more variable  the local env ironment occupied, the 

higher the frequency of ba l looning in a given spec ies (eg. Pardosa,  

Richter 1 970,  Greenstone 1 98 1 ). But dispersal may not be tota l ly random. 

To lbert ( 1 976) , for examp le,  has shown that araneid  spider l ings may 

reinit iate ba l looning, presumably after sampl ing the local env ironment 

encountered fo l lowing initia l  dispersal .  Changing env ironmental  

conditions have a l so been found to  cue di spersa l in  later l ife history 

stages in, for examp le,  l inyphi i ids (Duffey 1 956 , 1 963 ,  Wingerden and 

Vught s 1974 ,  Vughts and Wingerden 1976). Only  in the desert funnel web 

spider Agelenops i s  aperta , however, has there been a conc lus ive 

demonstrat ion of act ive habitat select ion (Riechert 1 97 6). 

In this chap�er,  I examine var ious aspects of hab itat se lect ion by 

the spider Tetragnatha elongata. Previous work on thi s genus has shown 

that habitat use may be as sociated with prey availab i l ity (Dabrowska 

Prot and Luczak 1968a and b ,  Dabrowska Prot et a l .  1968 ,  Luczak 1970 ,  

Luczak and Dabrowska Prot 197 1 )  and I or the presence of  suitable 
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struct ura l  supports for web bui lding (Lesar and Unzicker 1 978 ). These 

studies , howe ver,  prov ide l ittle  ins ight into the ro le of active 

se lect ion in hab itat choice. My initial examination of this  prob lem 

invo lved inves t igat ion of dispers ion "pattern",  the organizat ion of a 

popu lat ion through the spat ial arrangement of its  indi vidua l s  in the 

envi ronment (Pielou 1969) . Patterns of dist ribution of the de sert funnel 

web sp ider Agel enopsis aperta have been examined in grass land and recent 

lava bed habitats of south centra l New Mexico (Riechert et al .  1 97 3 ,  

Riechert 1974 ) and webs were found t o  be aggregated in specific habitat 

patches.  The same technique was used to study the pattern of � 

el ongata. I then de termined whe ther the pattern of  dis tribut ion observed 

is  a consequence of differential surv i va l ,  or whether it  is  caused by 

active sel ection. 

Methods 

Pattern 

Fie l d  methods. Two p lot s ,  one on the creek (f ig. 7) and the othe r 

on the l ake (fig. 8 ) , were se lected and mapped in Ju ly 1982.  The s i ze of  

the cre ek p l o t  was  6 4  m x 1 6 m ;  that of the l ake 1 6 m x 1 6 m. We b s  on 

the creek we re examined and the ir exact locat ions mapped ove r a period 

of 32 days (Ju ly 1 2 th - Augu st 1 1 th 1982 ) . An index of web site 

su itabi l i ty was obtained by us ing the frequencies with which each site 

was used over a period of 32 days. Webs on the lake were far more dense. 

Data on web locations here were taken from censuses on two consecutive 

days , during which t ime approximately the same number of webs were 

mapped as in the creek habitat. On each plot ,  the distr ibut ion of 
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Figure 7. Hap of  creek plot  used in pattern ana lysis.  Shading indicates 
creek water .  
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lake water .  



habitat features (e.g. water,  sand, mos s ,  leaf l itter,  twigs ,  branches 

and leaves)  were a l so mapped. 
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Method of analysis .  B lock s ize analys i s  of  va riance was used to 

examine the distribut ion of webs in the study areas. This  type of 

pattern analysis  was deve loped by Grieg Smith (1952 , 196 1 ,  1964) and 

Kershaw ( 1960 ,  1964) ;  it measures  the departure from randomnes s. The 

bas is of this approach invo lves  part it ioning the total variance of a 

grid or l ine of quadrats into parts appropriate to compari sons between 

adjacent pa irs of b locks of different s i zes. When mean square (variance) 

of densities  is p l ot ted against block s i ze ,  those b locks exhibit ing 

peaks are equa l to the mean areas of mosaic or pattern units ;  highest  

variance wi l l  occur at the block s i zes in  which individual blocks cover 

areas of especia l ly high or low density. A peak of variance above the 

mean value signif ies that maximum heterogenei ty occurs among quadrats of  

that s i ze. Troughs in variance be l ow the mean value indicate dispers ion 

(or regular spacing) among quadrats of that s ize. 

Pattern analysis is useful in dea l ing with most  natura l s ituat ions 

in which not only presence or absence are invol ved, but al so ranges of 

dens ity (Grieg Smi th 196 1) .  Moreover, this  method has gi ven cons istent 

resu l t s  and has proved accurate where independent measurements of 

pattern were pos s ible (Grieg Smi th 1 952) .  

In the present study a rectangle and square system (Grieg Smith 

1952) was used for the analysis  of pattern. The fundamental  quadrat ,  

block s i ze (BS) 1 ,  equal led 1 .0 m2 , the bas ic f ield  quadrat. The 

following samp les were used in the ana lysis :  A) Creek study area: a 
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total grid area, BS 1 024 (thi s be ing equi valent to the area in m2 ) ,  was 

made of cont iguous quadrats  containing water, bank terrain and wood land. 

B) Lake study area: a total grid area of BS 256 (m2 ) was made of 

cont iguous quadrats containing open lake water, overhanging t rees near 

the bank, and woodland near the water' s edge. 

Block size analyses of·variance were carried out on a l l  webs of T. 

elongata in the se l ected quadrat s and on the dist ribut ions of water, 

leaf litter, sand and mos s  on the ground ; branches ,  twigs and leaves at 

he ights of  0-50 em, 50  cm- 1 m ,  1 m-2 m and 2 m-4 m ;  l ight intens ity,  

temperature , humidity,  wind speed and water speed. Covariance was 

calcul ated between web dist ribut ion and that of each of the habitat 

feature s on al l plots  by use of the methods descr ibed by Kershaw ( 1960) .  

Factors Respons ible for Surv ival and Web Bui lding 

In order to determine whether � elongata was exhibit ing act ive 

se lect ion of web s ites ,  it was neces sary to examine 1) those parameters 

which a l l owed survi val  as we l l  as those required for construct ion of the 

web t rap; and 2 )  the probabil ity that a spider woul d  move from a s ite 

where it had bu i l t  a web versus s ituations where no web was bui lt .  The 

variables I chose to  examine (on the bas is of the results  from the 

pattern analysis)  were:- 1) temperature 2 )  l ight intens ity 3) humidity 

4 )  presence of open water and 5 )  prey avai lab i l ity. Within its  natura l 

distribut iona l area, the parameter most  l ike ly to have an immediate 

effect on indiv idual survivabil ity is desiccat ion result ing from high 

temperature , low humidity or the absence of water. The re lat i ve effects 

of each of these parameters was measured in the laboratory through a 

series of exper iments as out l ined in Table 2 .  For each treatment (A-F) 
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TABLE 2 .  SET OF EXPERIMENTS TO TEST SURV IVORSHIP UNDER VARIOUS EXTREMES 
OF THE ABIOTIC ENV IRONM ENT. 

TREATMENT 

A B c D E F 

TEMPERATURE 3 7 . 5  3 7 .5 37 .5 18.0 18.0 18.0 
(oC) 

ACCESSIBILITY 
OF OPEN WATER NO YES NO NO YES NO 

RELATIVE 4 75  75  4 75 75 
HUMIDITY (%) 

EXPERIMENTAL 
SET UP 

Des s icator yes yes yes no no no 
Water none present covered none present covered  



s ix spiders were used. After be ing weighed,  individua l s  were p laced in 

sma l l  cyl indrica l vials  (he ight 5 em, diameter 2 .5  em) covered with 

cheesec loth. The we ight of each was recorded at 15 minute interva l s  

du ring each 1 0  hour treatment . For sp iders that died, the t ime unt il  

death, as  we l l  as the total weight l os s ,  was a l so recorded. 
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The most  l ike ly parameters to exert a direct effect on web bu ilding 

behav ior in � e l ongata were cons idered to be one or more of the 

following : - 1)  vu lnerabil ity to des iccat ion; 2 )  l ight intens ity (act ing 

as a cue to humidity) ;  and 3 )  prey avai labi l i ty. Re su l t s  from the test s  

on survi vorship (as outl ined in Tab le 2 )  showed that direct access to 

open water was needed to prevent des iccat ion. Fie l d  cage experimentat ion 

was used to examine this. Two cage s were set up, ident ical except that 

the f loor of one was covered with wire mesh (to al low the pas sage of 

sma l l  emergent aquat ic insect s ,  but prevent direct acces s  to the water 

by spiders) ;  the other .was open to the water' s surface. These cages were 

1 .5 m x 0.6 m; height 0.6 m. The s ides were covered with c lear polythene 

and the top with fine wire nett ing. Wooden bars cr iss  crossed the cage s 

to prov ide s tructura l support. The effects of incident solar rad iat ion 

were examined by dividing each of the cages int o two equal port ions 

a long their  length by means of a polythene sheet. One of these sections 

in each cage was covered with aluminum foil and b lack polythene to b lock 

out a large port ion of both visib le and infrared wave lengths of  the 

solar spectrum. Any t ime that measurements  were made on the spiders ,  

recordings were taken of  temperature (°C) and i l luminescence ( lumens/m2) 

in both covered and open sect ions of the cage s. In order to contro l for 

any diffe rences in these variables  that might exi st between the two 



cages ,  recordings were taken from both at approximately the same t ime, 

and humidity was also  measured. 
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Two experimental  procedures ,  adopted one after the other,  were 

empl oyed to examine the respective effects of desiccat ion and light 

intens ity on web bui l ding. In the first ,  1 2  adu lt fema le spiders were 

co l lected, weighed and marked, and six were p laced in each sect ion on a 

clear, sunny day. Individua l s  were removed and weighed at hourly  

interval s  from 0600 to 2 100 hours.  Spiders were taken in  rotat ion (in 

order to minimize t ime out of the cage) ,  weighed and then returned to 

the cage. The experiment was repl icated on the next c lear, sunny day 

with 1 2  new spiders. In the second experiment , s ix of 12 newly co l lected 

spiders were p l aced,  as before, in each section, hav ing been weighed and 

marked. Spider act ivity and web l ifespan were monitored at hourly 

intervals  each day for a 16 day period. The procedure was rep l icated 

over the next 16 days. 

In order to determine the effect of prey avai labi l ity on web 

bu i l d ing,  a s e r i e s  o f  sma l l  cage s ( 3 9 . 3  em x 3 9 . 3  em x 1 1 . 4  em)  were s e t  

up along a stream bed, where the inc idence o f  solar radiat ion was very 

l ow (the midday peak being approximate ly 37.20 lumens/m2 ). Indi vidual 

spiders were weighed and then placed in these cage s ,  where they had 

direct acces s  to open water. The spiders were fed on field col lected 

fruit fl ies (Drosophila  me lanogaster:  average weight 2.59 mg) , caught 

from a culture of rotten fruit ,  just prior to feeding. Spiders were fed 

at 2000 hours dai ly ,  insects being placed in the cages by means of . 

specifical ly designed apertures in their  tops. The stoppers in these 

apertures were removed, and tubes containing the insects  inverted over 
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the top.  The presence of soft t is sue paper in the tubes prevented the 

insects from just  dropping into the water and drowning. They were left 

in the inverted pos it ion unt i l  the next day. In order to find the 

re lat ionship between prey availabil ity and web bui l ding, spiders were 

subjected to one of three treatments for a period of ten days :- insects  

adminis tered at  a rate of 20,  5 and 0 per  day. To  measure the extent to 

which web bui lding occurs in the absence of any st imul i from e ither 

l ight or prey , s ix sp iders were co l lected , weighed and placed in a cage 

( 1 . 2 m x 0 . 6  m x 0 . 5  m ) .  The cage was  p l aced in a bas in of water  in a 

photographic laboratory which was comp letely devoid of l ight , insect s ,  

wind o r  water current s. The cages were examined dai l y. Infrared l ight s 

were used (for a minima l period of t ime) to see whether or not webs were 

present . 

Fina l ly ,  the probabi l ity that a spider wou l d  move from a s ite where 

it  had bui l t  a web versus a s ituat ion where no web was bui l t  was 

examined us ing a cage ( 1 .2 m x 1 .2 m x 0 . 6  m h igh) .  The s e  cages we re 

placed in an artificial ly made shal l ow pool of water, and consisted of  

wooden struts ,  the s ides of which were l ined with clear plastic. The top 

was covered with cheesec loth and the bottom was open to the surface of  

the water, which prov ided a source of  mosquito prey. Eight marked 

spiders were p laced in the cage and monitored throughout the season in 

order to compare the numbers that changed s ite subsequent to buil ding 

versus those that moved from a s ite where no web was bui l t. 

Method of analys is .  The data were analyzed us ing the Statistica l 

Analysis  System (SAS) ,  a computer software sys tem for data ana lysi s  (SAS 



Institute 1982) .  Because the data did not fit into a balanced des ign,  

the framework of l inear mode l s  in the GLM was used. The GL M procedure 

uses the method of least squares to f it general l inear mode l s . 

Result s 

Pattern 
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Analys i s  of web pattern showed peaks at block sizes of the largest 

area ( 5 1 2  m2 on the creek; 256 m2 on the lake). The factor respons ible 

for this  was the patchy distribut ion of webs due to difference s in 

habitat and the phys ical environment. The effects of territorial  spacing 

were not detected in·this analys is ,  unl ike s imilar studies on 

Agelenopsis  aperta (Riechert et a l .  1973) .  There are two reasons for 

this. First,  a sma l lest  block s ize of 1 .0 m2 is probab ly too large for 

detection of inter-indiv idua l spacing and, in addit ion, the ana lys is 

does not take into account the three dimensiona l ity of web bu ilding in 

T. e l ongata ( i.e. , its  vert ica l distribut ion). 

Creek hab itat. Correlat ion coefficient s computed on covariance 

between web distribut ion and that of creek water indicate signif icant 

corre lat ions at block s izes of 4 (p<0.05) , 16 and 32 m2 (p<O.Ol) (Fig. 

9 ) .  Of the total popu lation of .:!!_ e l ongata samp led, al l web s ites were 

located over water. The mean square I b lock s ize graph of water (Fig. 

1 0) shows a peak at BS 5 1 2 m2 , which probab ly represents the area of 

c lustering of water and therefore of webs  (webs are clustered at the 

same b l ock s ize).  The lack of s ignif icance of corre lat ion coeff ic ients 

of water with web s ites at block s izes of 1 and 2 indicates that , at 

these b lock s izes ,  there were far more quadrats containing water that 
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Figure 9 .  Covariance between web distribution and water (creek). 
Corre lation coeffic ients computed on covariance between web 
distribut ion and that of water (thick l ine) are plotted along 
with the curve indicat ing the level of s ignificance (p<O.OS) 
of the correlat ion (thin l ine).  There is a signif icant 
c o rre l a t ion a t  three b l o ck s i ze s :  4 ( �  p(O.OS ) , 1 6  and 32 (*: 
p (O . O l ) .  
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Figure 10.  Distribut ion of creek water (solid  l ine) and webs  (broken 
l ine ) at different block sizes.  Mean square ana lys is was 
performed at different block sizes and shows a peak at b lock 
s ize 5 1 2  for both webs and creek water. 
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were wi thout webs than there were with webs. An area of 16 m2 is that 

which encloses a who le port ion of stream: despite the patchy nature of 

the dist ribut ion of webs within thi s area, webs are always found over 

water. S ignificance at BS 16 m2 and BS 32 m2 , therefore , indicates that 

a pos i .tive associat ion of webs with water exists ,  but at a l ower block 

s ize this effect is masked by the fact that other features are 

necessary before webs can be bui l t  over water. Covariance ana l ysis  was 

comp leted with water part it ioned into fas t and slow moving sect ions. A 

pos it ive associat ion (p<0.0 1 ) ,  s imilar but stronger than that with water 

alone , is found with s low water (Fig. 1 1 ). There is  no s igni f icant 

associat ion with fast water. 

Cova riance analyses al so ind ica ted that webs were associated with 

o ther features of the habitat,  most  important ly, moss  at BS 1 and 2 

m2 (Fig.  12) .  This  reflects the fact that webs are always found at  the 

edge of st reams and so,  at the smal lest b lock s izes , are assoc iated with 

moss ,  which is found in simi lar,  co inc ident patches.  The as sociat ion 

becomes negat ive at BS 4 m2 , indicat ing that ,  at this bl ock s ize, moss  

is found in clump s where there are no webs. Thi s is  because webs stretch 

from the bank over water, whereas moss  stretches farther up the bank. 

Webs are a l so as sociated with twigs at heights of both 0-50 em and 

5 0  cm- 1 m ,  a t  b l o ck s i ze s  o f  1 ,  8 and 3 2 m2 ( F i g .  1 3 ) .  This  re f l ect s t he 

use of twigs for web attachment.  But webs stretch between twigs ; so at 

b lock s izes of 2 and 4 m2 , there are large portions of the webs which 

are not associated with twigs. The peaks at block s izes of 8 and 32 m2 

ind icate the patch s ize of c lusters of the ends of branches from 5 0  em 
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s i gni f i cant corre l a t ions ut: p(0.05) of webs with twigs at 
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to 1 m at BS 2 m2• This ind icates the size of a bl ock containing a 

branch which gives  off twigs to which the webs are attached. 
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There is a negat ive associat ion with leaf l itter (p<0 .05 )  at block 

sizes of 8 and 16  m2 , ind icat ing that bl ocks containing webs are never 

coinc idental  with areas of leaf l itter at these block s ize s ;  i.e . ,  webs  

are ne ver found away from water in  the woods. 

Lake habitat.  The pattern for webs on the lake shows aggregat ion 

only at the larges t bl ock sizes (Fig. 14) .  This  is because the area 

under study incorporated a large body of water; therefore, the 

difference between bank and water sections was only detected at large 

b lock s i zes.  The mean square I b l ock size graph of water s imi lar ly shows 

a peak at BS 2 5 6  m2 (F ig. 1 4 ) .  

The dis tribut ion of � elongata on the lake is strongly re l ated to 

the presence of  water, as indicated by the resul ts  of the covariance 

analyses between web and water dis tribut ions (Fig. 1 5) .  Corre lation 

coeffic ients show water and webs to be pos itive ly associated at bl ock 

s izes of 2 ,  4 and 8 m2 • The absence of any assoc iation at the lowes t  

bl ock s i ze reflects  the fact that a large proport ion o f  water quadrat s 

were lacking webs.  This  is because a lot of open water had no structures 

to which � elongata cou l d  attach its  web. At BS 16 m2 enough of the 

water block inc luded land to render any assoc iation with this block s ize 

insignif icant.  Webs were assoc iated with water at b lock s izes of 2 ,  4 

and 8 m2 , probably the patch s izes of combined water and twig 

avai lability.  

Corre lation coefficients al so showed twigs (at  height of 0-50 em, 

50 cm-1 m and 1-2 m) and webs  to be pos i ti ve ly associated at b l ock s i zes 
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Figure 14 .  Distribut ion of lake water (so l id l ine) and webs (broken 
l ine ) at different b lock s ize s.  Mean square analys is shows 
peaks at the highest block s izes for both webs and l ake 
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Figure 15 . Covariance between web distribut ion and that of water 
( l ake ). Correl at ion coefficients are p lotted (thick l ine ) 
a l ong with the curves indicat ing the significance of the 
corre l at ion (p<O.OS) (thin l ine ). Significant corre lations 
we re found at bl ock s i ze s  o f  2 (tt: p<O .O l ) ,  4 ('it: p<O.O S )  
and 8 (*: p<O .O  1 ) . 
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of  1 and 2 m2 (Fig. 1 6 ). This ref lects the fact these structures were 

used as points of attachment for webs.  Webs were bu i l t  through these 

structures at heights of up to 2 m above the surface of the water. A 

s imilar associat ion was found between webs and branches (0-50 em and SO 

cm- 1 m), primari ly at block s ize 1 m2 (Fig. 1 7 ). This  indicates that  

branches may a l so be  used for  web attachment in the lake habitat. 

Pos itive associat ions were also found at higher bl ock s izes , which 

probably ref lects  the fact that twig distribut ion (with which the webs 

are general ly more intimate ly associated)  is corre lated with branch 

distribution .  

Three features associated with areas of open water are associated 

with �ebs at block s izes of 2 and 8 m2 (or 2 and 4 m2 in the case of  

l ight).  These are 1 )  some air movement (the average veloc ity never 

exceeded 0.02 m/s) ,  2) high l ight intens ity and 3)  high temperature (see 

chapter II for methods used in measuring these parameters ).  The lack of 

s ignificance at the l owe st b lock s izes indicates that these factors 

alone are insufficient to account for the immediate presence of a web. 

The patchy nature of the significance of these associat ions is probably 

an art ifact of the method of analysis : the more exposed stretches of 

water were a l l  on the same s ide of the area examined. 

Comparison of creek and lake habitats.  Structures used for web 

attachment in both creek (Fig. 1 3 )  and lake populat ions (Fig. 1 6 )  were 

primarily twigs , a lthough only the lower layers were used on the creek. 

Associat ion with these structures was s ignif icant at the l owest b lock 

s izes on the lake; the s ignificant as sociat ions in the creek habi tat 
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Corre lation coefficient s are plotted fo r the re spective 
he ights  (th ick l ines )  along with the curve s indicat ing the 
s ignif icance of the corre lat ion (p<O .OS) (thin l ines ). In 
(A) , signif icant co rre lat ions we re found at bl ock s izes of 1 
and 2 (*: p(O .O l )  and 4 (�: p (O . O S ) . In ( B ) ,  s i gn i f icant 
corre lat ions were found at block s izes of 1 and 2 (*: 
p<0.0 1) .  In (C) ,  s ignif icant corre lat ions were found at bl ock 
s i zes  o f  1 and 2 <*: p <O .O  1 ) .  
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Fi gure 1 7 .  Covariance between we b dis tribu t ion and branches ( l ake ). 
Corre l at ion coef f i c ient s a re p l otted for the respect i v e  
he i ghts (t hick l ine s )  a l ong with the cu rves ind icat ing t he 
s igni f i cance of the corre l a t i on (p<O.OS) ( thin l ine s ) .  In 
(A) , s i gn if i cant correlat ions were found at b l ock s i zes of 1 
(*: p ( O . O l ) ,  2 and 8 (� p ( O . O S )  and 32 (*: p ( 0 . 0 1 ) . In ( B ) , 
s i gn i f icant corre l a t ions were found at b l ock s i zes of 1 �: 
p < 0 . 0 1 ) ,  8 an d 1 6  Et/: p < O . O S ) . 
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were only a t  b l ock s i ze s  o f  8 and 3 2 m2 (and l e s s  s o  at 1 m2 ) . In other  

words , webs are more int imately associated with twigs on the lake, which 

is a reflect ion of the higher web density in this populat ion. S imi l ar ly,  

the assoc iat ion with water was signif icant at lower bl ock s i zes on the 

lake, indicat ing a more dense aggregation of webs in this habitat. 

Factors Respons ible for Surv ival and Web Building 

The resu l t s  from experiment s to determine the effect of abiotic 

parameters on survival are shown in Table  3. From the table it is c lear 

that,  in any given s ituat ion, the factor general ly respons ible for death 

is des iccat ion. The rate of des iccat ion appears to be more a func tion of 

temperature than humidity, al though the rate of weight loss  was 

cons ide rably reduced at high humidit ies. In any s ituat ion where spiders 

are denied di rect access to water, howeve r, desiccat ion appears to 

occur. But , even at high temperatures ,  virtual ly no we ight loss was 

detected if indiv iduals  had direct access  to open water. 

The water loss  suffered at different times of the day, and , at 

corresponding t imes ,  the effect of l ight intensity and temperature on 

web bu ilding are shown in Tab le 4 for both the cage where spiders had 

access  to open water and the cage where this was denied. Also shown is  

the proport ion of sp iders with webs that were observed occupying the hub 

during a gi ven time period. The prima ry dete rminant of web building i s  

accessibil ity t o  open water. Without water, spiders were found never to 

bui l d  orbs.  Under these ci rcums tances ,  individua l s  suffered dehydrat ion,  

the rate of  which was determined by the temperature. Light intens ity, 

al though it does not appear to exert a s ignificant effect on the 

p resence of a web ,  does dete rmine the act i vity pattern of the spider :  at 



TABLE 3. THE EFFECT OF TEMPERATURE , HUMIDITY AND OPEN WATER ON SPIDER 
SURVIVAL . 

TREATMENT MEAN RATE OF INITIAL WT .  i. WT . LOSS 
DES ICCATION (MEAN) TOLERATED 

(wt. loss , mg/hr) (mg) - (MEAN) 

High temperature , 5 . 1 5  56 . 1 3 14 . 82 
low humi dity , +0 . 2 7 +5 . 92 +1 . 1 5 

no water . 

High temperature , 4 . 42 59 . 30 15 . 1 2 
high humidity, +0.34 +5 .70  +0 .4 1 

no water . 

High temperature , 0 . 05 60 . 93 
high humidity,  +0 .02 +5 . 70 

open water .  

Low temperature , 0 . 1 3 55 . 80 
low humidity ,  +0 . 02 +5 . 1 6 

no water .  

Low temperature , 0 . 2 1  60 . 3 5  
high humidity,  +0 .04 +4 . 7 3  

no water . 

Low temperature , 0 . 00 64 . 08 
high humidity,  +5 . 68 

open water .  
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TABLE 4 .  DAILY VARIATION IN WATER LOSS., LIGHT INTENSITY , WEB BUILDING 
AND OCCUPATION OF THE HUB OF AN ORB , WHERE WATER IS AND IS NOT 

ACCESSIBLE.  

WATER ACCESSIBLE WATER NOT ACCES SIBLE 
TIME Mean l ight Mean Mean i. at hub Mean i. at hub : 
(hrs ) reading temp. water (mean web water No webs  

(lumens/m2 ) oc los s ( mg)  11=2 . 8+ . 5 )  los s (mg) built 

0600 0 . 00 100 1 1 . 0  

0900 0 . 08 5 . 58 0 73 14 . 5  

1200 0 . 34 6 . 05 0 70 19 . 5  

1 500 0 . 4 6  5 . 58 0 74 19 . 0  

1800 0 . 2 1  3 . 72 0 80 1 9 . 0  

2 100 0 . 02 0 . 00 0 100 17 . 0  

0600 0 . 00 100 1 1 . 0 

0900 0 . 06 46 . 50 0 0 20 . 0  

1200 5 . 34 1 86 . 00 0 0 29 . 5  

1 500 4 . 42  186 .00 0 0 28 . 5  

1800 2 . 83 65 . 10 0 0 19 . 0  

2 100 0 . 00 1 . 86  0 0 1 7 . 0  
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high l ight intens i t ies sp iders move off the hub of the orb. They do,  

however, cont inue to monitor prey imp inging on the orb through tarsal 

contact with one of the bridge l ine s. 

Total movement was a l so documented by recording the pos it ion of 

individua l s  in the uncovered ( i l l uminated) sections of both cages each 

day. The average distance moved by an indi vidua l on any gi ven day 

(averaged over 6 days) was found to be 74.0 em (SD :49 .5 7 )  in the cage 

with the bottom covered, and 29.6 em (SD: 20.2) in the cage prov iding 

accessibi l i ty to open water. 
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The effect of prey avai labi lity on web bui l ding was determined by 

count ing the number of days on which webs were bui lt  for each spider. 

The average number for each feeding regime is  shown in Tab le 5. As can 

be seen, there is a marked effect of  prey avai labi l ity on web bui lding: 

spiders genera l ly bui lt webs da ily when administered 20 fl ies per day 

(capture success  was estimated at approximately 30%). In most  natura l 

s ituat ions , anima l s  shou l d  encounter at least  this number of insects .  At 

very low prey avai labil ity (5 or 0)  web bui l d ing frequency was found to 

drop sharp ly,  though even when prey were absent sp iders were sti l l  found 

to bui l d  orbs ,  albeit  at a l ow frequency. Indeed,  where spiders were 

deprived of a l l  externa l s t imu l i ,  webs were st i l l  bui l t ,  though very 

infrequent ly. Over a period of ten days , a total of four webs  were bui l t  

(by different spiders)  by the s ix indiv iduals. None o f  these were 

maintained for more than 1 .5 days (average 1 .25 days ). 

The fina l experiment was a comparison of trans locat ion frequency in 

spiders that had bui l t  webs versus those that moved from a s ite where 

they had not bu ilt .  This showed that ,  if a spider had bu i l t  an orb , 
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TABLE 5 .  THE EFFECT OF PREY AVAILABILITY ON WEB BUILDING . 

TREATMENT AV . NO . WEBS BUILT NO . SPIDERS 
( No .  of insect s )  (Mean & C . L . : taken USED 

over  10 day period ) 

20 10 . 9 2  (+1 . 3 3 ) 18  

5 3 . 75 (_:!:1 . 8 8 )  9 

0 1 . 28  (,:!:0 . 53 )  16  



there was a 27%  chance that it  wou ld  move. If  it had no t ,  however,  the 

chance of moving was 83i.. 

Discussion 
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The re sul t s  from this study show that 1 )  The pattern of 

dis tribut ion of � e l ongata is non random, spiders be ing found to be 

pos it ively associated with areas over water that are sui tab le for web 

bu ilding. 2 )  In terms of abiot ic parameters, the abi l ity of a spider to 

survive in a gi ven env i ronment i s  determined by the rate of des iccat ion, 

this being a func t ion of humidity and temperature. The effect s of  

desiccat ion can be  counteracted by access  to open water (Tab le 4). 3 )  

Where ab iot ic cond it ions are suitable ,  sp iders wi l l  bu i l d  orbs , but the 

frequency of web buil ding is determined by prey avai labil ity (Tab le 5 ). 

4 )  The probabi l ity of chang ing site is much higher where no web has been 

bui l t . These  resu l t s  suggest a three component mechanism of hab itat 

select ion in � elongata:  1 )  Random movement curtailed upon encounte ring 

a fa vorab le abiotic env ironment. Alternat ive ly, if they do not move,  

temporal variabi l i ty may cause the envi ronment surrounding the spider to 

change. The end re sult  of either spat ial or tempora l change might 

trigger off 2 )  active search for a spec ific mic rohabitat within this 

env ironment which sat isf ies the requirements for web construct ion. 3 )  

Si te samp l ing occu rs once the web has been bu i l t  and leads to a 

repetition of the process if the spider' s  foraging requirement s 

necessary for maintenance and egg product ion are not sat is fied. (T. 

e l ongata loses we ight,  and wi l l  eventua l ly die, when administered prey 

at a level much be l ow ten insects per day; see Chapter I V )  
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The first component , the random search phase,  has been recognized 

and described in a number of spider groups (Riechert and Gil lesp ie,  in 

pres s ). The mechanism behind this procedure has been considered in terms 

of negative feedback (Sale  1969) :  where the env i ronment is inadequate, 

l ow intens i ty feedback causes a high leve l of exploratory activity. As 

shown in this study, � el ongata does not bui l d  webs where or when the 

envi ronment is unfavorable ( i.e. ,  there is no open water access ib le). 

During this period, their act i vity may be la rge ly non-directed 

exploratory movement , which would  frequent ly enab le them to l ocate a 

suitable  envi ronment . It may be that a s imilar mechanism is used by 

other species that are associated with specific forms and st rata of 

vegetat ion that permit effic ient percept ion and capture of prey 

(Ha l lander 1967 , 1970 ,  Kronk and Riechert 1979 ). 

The second component invo l ves act ive search for a speci fic 

microhabitat. The importance of spat ial I architectural features of the 

hab itat in determining the specific locat ion of webs has been documented 

in araneids (Co lebourne 1974)  and l inyphi ids (Schaefer 19 78). Such 

features may be even more important in social spec ies where the colony 

is  genera l ly re lat i ve ly permanent;  structures of simi lar permanence in 

the habitat are therefore a prerequisite to its format ion (Lubin 1974 ,  

Buskirk 1975b ,  Uetz and Burgess  1979). In  this study,  twigs appeared t o  

b e  the structures o f  primary necess ity for web bui l ding in � elongata. 

The fina l component cons idered to be invol ved in the habitat 

se lect ion process  of � e l ongata is web re locat ion if  the long term 

phys iologica l needs of the anima l  are not sat isfied. It di ffers from the 

first component of random search in that it cannot be exp lained by the 
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idea of negat ive feedback (Sale 1969) .  Rather, it is  a cont inua l t ria l 

and error procedure. Also,  due to the effect of temporal variat ion 

superimposed on spat ial variat ion, no one site can be opt ima l for any 

length of t ime. This component of the habitat se lect ion process has been 

documented in many spec ies that require web traps to be bui lt  before 

they can est imate t�e availab i l ity of prey in part icu lar patches. 

Hildrew and Townsend ( 1980) report this type of behavior in the caddi s  

f ly larva P lectrocnemia conspersa. Amongs t  sp iders , Turnbu l l  ( 1964) 

found that indiv idua l s  of the house spider Achaearanea tepidariorum, 

when re leased into an empty room, wi l l  cont inue to change web locat ions 

until  al l have bui l t  webs in the vicinity of a loca l ized prey source (in 

this case a window, where fl ies were attracted to the l ight ).  In two 

studies on theridiid ant specia l is t s ,  a change in web l ocat ion has been 

shown to be associated with predat ion avoidance tactics of the ant s :  

Hol l dobler ( 1970) noted that Steatoda ful va changes web l ocat ion from 

one ant mound to another fo l lowing ces sation of ant usage of part icular 

entrances. Mackay ( 1982)  found that Latrodectus hesperus migrates from a 

nest  of ant s that have ceased to forage. The crab spider Misumena vat ia  

leaves f l owers that yield  insufficient prey (Morse and Fri t z  1982) .  And 

among tetragnathids ,  � montana has been shown to base its  web bu i l ding 

activ ity on mosquito abundance: the frequency of web building decreases 

and overa l l  movement increases with prey avai lab i l ity (Dabrowska Prot et 

al. 1968 , Luczak 1970). O l i ve ( 1982)  has shown that this process  of web 

re locat ion occurs when the current rat ions a sp ider is recei ving fa l l  

be l ow its  prev ious rat ions,  and the effect o f  this tendency is  

aggregat ion of anima l s  in  quadrat s with high ration leve l s. This 
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"decis ion" rule of when to leave a given site has been examined in terms 

of opt imal ity theory in a number of sp ider groups (Janetos 1 982a and b) 

and its app l icat ion to � elongata is discussed in the next chapter. 

The three component sequence of habitat se lect ion that I have 

proposed may we l l  exp lain the mechani sm by which a suitable habitat is  

located by most  web bui l ding sp iders. Numerous studies have shown the 

assoc iat ion of various spider groups with specific abiot ic parameters in 

the microhabitat within a def ined area (see Riechert and G i l lesp ie,  in 

press ,  for rev iew). The mechanism of samp l ing at a gi ven site is less 

we l l  documented and is l ike ly to vary, depending on the inves tment made . 

in a web at any gi ven s ite (Rypstra 1 983).  Spiders with a high 

inves tment are unl ike ly to bui ld comp lete webs to samp le prey 

avai labil ity, as the cost incurred by such behavior wou l d  be 

inordinately high. Gi l l espie ( 198 1 )  showed that the cribel late spider 

Amaurobius s imi l is (which has a very high web inves tment )  continua l ly 

lays sing le s i lk threads during the samp ling period. This  may enab le the 

anima l to monitor prey avai labi l i ty with only a minimal cost.  
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CHAPTER IV 

RISK SENS ITI VE FORAG ING STRATEGIES AND THE TWO POPULATIONS 

Introduct ion 

One of the most act ive areas of behavioral  eco logy re search 

concerns predation, and more part icu larly that on pest species. Ho l l ing 

( 1959 , 1 966)  int roduced the concept of the funct iona l re sponse to 

describe how a predator responds to changes in prey dens ity. This mode l 

does not , howe ver, account for the fact that each of the many prey items 

avai lable to a predator may vary according to nut rit ional va lue,  spacing 

patt ern and abundance, al though cost of capture and proces s ing can be 

incorpo rated into the mode l.  In addit ion, each food exposes the anima l 

to a different level  of competit ion with other consume rs and to a 

different risk o f  predation. Because an anima l general ly has only 

l imited amounts of time and ene rgy , its  mechanism of re source 

acqu i s i t ion and al l ocat ion may critical ly  affect its survi val and 

reproduct i ve success. Even if  food is not effective ly l imited, se lection 

shou ld favor efficient exploitat ion, because the most effic ient foragers 

wi l l  have the most t ime for other act i v i t ies (Horse 1980).  

The benefit to the predator of captur ing prey is c lear ly the energy 

gained from the env ironment. This is the� ava i l able for me tabo l i sm and 

synthes is. Opt imal  foraging theory is  a way of conceptual i z ing resource 

ut il izat ion to a l l ow the generation of a tes table  hypothesis  (Krebs 

1978 ). Optimizat ion mode l s  are designed in an attempt to recreate short 

term evo lut ion in the imaginat ion, and are current ly the most  wide ly 

used too l s  to predict the impact of predators on their prey (Has se l l  
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1980). The general approach to their  use in foraging theory invo l ves 

three components. 1) A set of pos s ible behaviora l  responses of the 

animal must be de l ineated, i.e. , i ts ""phenotype set" (Maynard Smith 

1978) .  Thi s phenotype set specifies the range of responses  which is 

assumed to be avai lable to the popu lat ion through the act ion of 

evo lut ion. 2 ) The s tate equat ions of the sys tem mus t  be de l ineated. 

These are the constraints describing how an organism's response is 

coupled to the environment . 3 )  The fitness  criterion must be def ined by 

gi ving a function over the phenotype set ,  which gives a specific fitnes s  

to each phenotype. 

Al though it is virtua l ly impossible to de l ineate a comp lete 

phenotype set ,  an approximat ion can genera l ly be made as to the range of 

pos s ib i l i t ies .  De l ineat ion of the number and re lat ive importances of the 

various constraints impinging on a system may be even more comp lex. The 

ro le of predators and competitors ,  for examp le , may have cons iderable 

inf luence on observed foraging behavior ( MacArthur and Pianka 1 966).  

S imi lar ly ,  which op timizat ion criterion is mos t  app l icable to any given 

s ituat ion is subject to debate (DeBenedictus et a l .  1 978 ,  Pyke et a l .  

1 9 7 7 ,  S ib 19 79) .  The most frequent ly app l ied criteria inc lude the rate 

of net energy gain (Pul liam 1974 ,  Charnov 1976 , Oaten 1 9 7 7 ,  DeBenedictus 

et al. 1 9 78 , Waddington & Hol den 1979) ,  optima l use of time (Katz 1974 ,  

DeBenedictus et a l .  1978 ,  Craig et a l .  1 979 ,  Pyke 1979 , Hixon 1980) and 

total food uptake or reward (Oster 1976 ,  Craig et al .  1 9 79 ,  Pyke 1 9 79 ,  

Hixon 1980).  Other criteria suggested inc lude energy gain efficiency 

(Pyke 1 9 79 ,  DeBenedictus et al .  1 978 ) ,  surv i vorship (Caraco 19 79a) and 

util ity (Caraco 1980). 
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The class ical opt ima l  foraging mode l s  were devel oped for a 

deterministic environment. In the first paper on the subject , MacArthur 

and P ianka ( 1966)  assumed that animal s  are capab le of recogn iz ing 

patches of food and accepting or reject ing them prior to ent ry. Patches , 

in these mode l s ,  are cons idered to be concentrated food sources 

separated by areas of lower dens ity,  and most  of the l iterature on 

foraging is organized around this concept. A predator i s  v isua l i zed as 

foraging on a numbe r of different patches which vary in the quant ity and 

qual ity of  prey avai l able.  The quest ion of interest concerns how a 

predator apport ions its time between various patches so as to maximize 

fitnes s. The currency is assumed to be ca loric gain, and the fitness  

criterion is taken as the net rate of energy ga in. 

A cent ra l concept in mode l s  of patch use is that of resource 

depres s ion (Charnov et al .  1 9 76)  in which it is assumed that a 

predator's  foraging act i vity causes a steady decrease in prey 

avai labil ity. This cou l d  come about by direct dep let ion of prey, or 

because prey t ake evas ive act ion. An examp le of the latter context 

occurs in dungf l ies (Scatophaga stercoraria) which leave cowpats for 

surrounding grass when the presence of a hunt ing ye l l ow wagtai l 

(Motac i l la f lava) i s  detected (Davies 1 9 77) .  The result  is that the 

predator incurs dimin ishing returns with time in a patch. 

In order to  maximize its  intake from a set of patches that suffer 

from resource depress ion, - a predator shoul d  fo l l ow the rules of the 

Marginal Va lue Theorem (Charnov 1976) .  Suppose the time taken to travel 

between patches is  Ti , which is  interpreted as a mean in this mode l ,  as 

are a l l  other variables. We let t i be the t ime spent searching for food 
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in patch type i ,  these be ing the contro l variab les.  Suppose that p i is  

the p roport ion of  p a tche s  o f  type i ,  i=1 , 2 , . • • • • •  , n ;  E i ( t )  i s  the ne t 

energy gain obta ined by searching a t ime t in patch i ,  and Er is the 

locomotory cos t  per unit  trave l  t ime between patches.  Then the average 

t ime between leav ing one patch and lea ving the next is  

( 1 )  

and the ave rage net energy gain during this t ime is  

( 2 )  

The fitness criterion is 

F = 
'�'P iE i ( t i ) - Er T r 

E/T • ---------------- ( 3 )  
Tr + I: pit i 

* and the o b j e c t i ve i s  to  choose  t i , i=1 , 2 ,  • • • • •  ,n s o  a s  t o  maxim i ze ( 3 ) .  

I t  can eas i ly b e  seen by different iat ing ( 3) that i f  dEi/dt is  a 

* decreas ing funct ion, then the opt ima l �i s are such that dEi(t i )/dt = 

E/T for  a l l  i = 1 , 2 ,  • • • • •  , n, whe re E and T a re ca l cu l a ted  at  the o p t imum 

* * * t = (t 1 , • • • • • •  , tn ) .  Th i s  leads  t o  two t e s tab l e  p red ict ion s .  1 )  That 

the opt imal t ime to lea ve a patch is when the instantaneous rate of 

energy ga in in that patch has reached the value of the overa l l  rate of 

energy gain from all patche s ;  i.e . ,  the marg inal  value. Al l patches wi l l  

be dep leted to this same va lue. 2 )  I f  a comparison i s  made between 

habitats with different ave rage profitabi l it ies (E/T values ) ,  then the 

result  imp l ies that predators shoul d  remain a longer t ime in a patch 

with a gi ven number of  prey in the les s  profitable hab itat than a 

s imi lar patch in the more prof itable  hab itat. S imi larly, if  trave l t ime 

increases (for examp l e, when patches are farther apart)  the opt imal t ime 

to stay in a patch also increase s ;  the longer it takes to trave l ,  the 
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l ower the va lue of mo ving, and so the an ima l wi l l  tol erate a lower va lue 

for the ins tantaneous rate of energy ga in. 

This  cl ass ical mode l of patch cho ice has a daunt ing l i st of 

s imp l ifying as sump tions. The forager,  for ins tance , mu st be omniscient ,  

recogniz ing a patch type instantaneous ly and knowing the trave l t ime 

between patches . Once in a patch, the forager must feed accord ing to the 

optimal  diet ( see Morse 1980) for prey types wi thin that patch. Patche s ' 

of type i are assumed to be at a cons tant density, and the ir proportion 

in the habitat does no t vary with time. Tra vel t ime between patches is  

independent of the patches vis ited and incurs a constant locomot ion 

cos t. For each patch type there is an energy ga in Ei(t )  after time t 

spent foraging in patch type i. The curve obtained by plott ing E i(t )  

against t ime i s  smooth, cont inuous and decel erat ing. Fina l ly,  it is  

as sumed that the forager,  as we l l  as be ing able  to contro l the t ime 

spent in patch type ti , wi l l  always act in such a way as to maximize it s 

ne t rate of  energy gain. Despite a l l  these assump tions , however, the 

mode ls  seem to do quite we l l  in predict ing behavior for a wide range of  

anima l s  such as ,  for examp le,  great tits  (Cow ie 1977 ) ,  wheatears 

(Car lson & Moreno 198 2 ) ,  starl ings (Kace lnik 1984) and paper wasps 

(Kasuya 1 982 ) .  

Determinis tic mo de l s ,  such as the c lassica l mode l of patch cho ice 

out l ined above,  are the most common approach to opt imal foraging theory 

(Schoener 1 97 1 ,  Kat z  1974 ,  DeBenedictus et al .  1978 ,  Caraco 19 79a , Craig 

et  a l .  197 9 ,  Pyke 1979 ,  Hixon 1980, Sih 1980). But,  as has been argued 

by Oaten ( 1 9 7 7 ) ,  the stochasticity inherent in foraging probl ems should 

not be ignored. From the out set opt ima l foraging theory recognized that 
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most ,  if not a l l ,  parameters ,  such as the amount of energy obtained from 

an individual of a part icu lar prey type , are random variables ;  i.e. , 

they take di fferent va lues with ce rtain probabil ities .  In the classica l 

mode l s ,  like that out l ined above, this type of random variab il ity was 

adequate ly dea l t  with by the use of mean value s. But there mus t  be 

nume rous cases in nature where the f itness  of a foraging anima l is a 

funct ion not only of the mean va lues of  certain parameters ,  but a l so 

their variances. Under such ci rcums tances an anima l cannot be omniscient 

(as is assumed in the determini stic mode l s) :  it wi l l  on ly have an 

imperfect knowledge of what it may encounter at a future time and pl ace · 

(Pyke 1984).  There are two maj or consequences arising from this effect 

of stochas t icity (Stephens and Charnov 1982 ) :  1 )  A forager may be 

uncertain about resource qua l i ty, so the acquisit ion of informat ion 

becomes important. Rewards obtained at the start of a patch visit  could  

be  used to est imate patch qual ity and thus how long to stay (Oaten 1977 ,  

Kace lnik 1979 ,  Green 1980 , McNamara 1982 , Iwasa et  al .  1981 ) .  For this  

reason, an anima l ' s  foraging effic iency may depend on  its  samp ling 

efficiency (Krebs et al .  1978 , Houston et  al. 1982 ,  Lima 1 984). 

Current ly there is  great interest in eco l ogical questions concerning 

informat ion in foraging proce sses (see Commons et al .  in pres s). 

2)  The second consequence of stochasticity arises in env ironment s 

where resource qual ity is not a function of t ime and therefore ini t ia l  

samp l ing of any given patch is less  important. In this case, and when 

the outcome of a forag ing decis ion is a random variable ,  there is  a 

prob lem of "risk" (Keeney and Rai ffa 197 6). That i s ,  the forager may 

possess ful l information concerning probab il ity distribut ions of 
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benefits  as sociated with avai l able options , but the variat ion in those 

benefits  and costs  may s t i l l  impose surviva l  (and somet imes fecundity) 

risk (Caraco 1 980,  Real 198 1 ,  McNamara and Houston 1982, Pu l l iam and 

M i l l ikan 1 982 , Stephens and Charnov 1982). In this  case ,  experience does 

not reduce uncertainty. The res t  of my discuss ion wi l l  be confined to 

this type of situat ion. 

To s tudy an anima l 's  preference for a gi ven survi va l I fecundity 

risk,  we initia l ly characterize a probabil ity distribution of a foraging 

currency by its statistical moment s :  mean, variance (or standard 

deviation ) and skew. The random variable  of interest  is ei ther the cost 

of obtaining a requ ired amount of food (Caraco 1981a)  or the rate of 

energy intake (Stephens and Charnov 1982 ). 

Cons ider the s tatistica l moments of a set of benefit or cos t 

dist ribut ions ; i .e. ,  the moments that describe that distribut ion, 

measure its propert ies ,  and, in certain circumstances ,  specify it (Hines 

and Montgomery 1980).  For each member of this set of dis tribut ions these 

moment s  can be re lated to  the probabil ity that the forager wi l l  obtain 

less  than its  phys io logical ly required intake in the t ime avai lable for 

feed ing. The probabi l ity of an energetic def ic it is taken as the 

es timate of fitness  in the following mode ls  (Caraco et a l .  1980c ,  

Pu l l iam and M i l l ikan 1982) , and the assumption is made that natura l 

se lect ion favors di scriminat ion abi l ities (e.g. Commons 1 98 1 ,  Commons 

and Ducheny 1 982). Therefore, a forager should a lways p refer the benefit  

dist ribut ion associated with  the sma l lest attainab le probabi l i ty of an 

energy def ic it (Caraco et al .  1980c , Houston and McNamara 198 2 ,  Pul l iam 

and Mi l l ikan 1982,  Stephens and Charnov 1982). Furthermore,  these 



probabil it ies shou ld  a l l ow one to predict a preference ranking over 

avai lable  foraging options (Caraco 1983).  The prediction from risk 

sens itive foraging theory is that,  unl ike deterministic approaches to 

foraging theory ,  the forager 's  preference for one reward over another 

need not be fixed,  but can depend on a compar ison of requ ired and 

expected food intake (Caraco et al .  1980a, Stephens 198 1 ,  Houston and 

McNamara 1 9 8 2 ) .  

6 1  

As with other foraging mode l s ,  risk sens itive foraging theory 

purposes to elucidate the opt imal consequences of possible  selective 

forces governing Darwinian evo lut ion. Suppose an anima l exp loiting a 

stochastic env ironment has n foraging opportunities during a f inite t ime 

interva l .  Denote the reward at trial i ( i•1 , 2 ,  • • • •  ,n) with the 

independent random variable xi. The mean and variance of each xi are 

f inite: E [ xi ] ,  V [ xi ] < a.  Y• t1xi is the total reward acquired during the 

day. Then E[ Y ] =  �� E [ xi ] =  IJy and V [ Y J =t1 V [ xi ] •of. F(Y) is the 

dist ribut ion funct ion; F(y)•Pr [Y<y ] . As long as one xi doe s not dominate 

the sum and the xis are not uniformly skewed,  y shoul d approach 

norma l ity for sufficiently large n by the central l imit theorem (Caraco 

and Lima 1 9 8 5 ) . 

Assume that ' the forager must  accumulate a total reward exceeding R 

to sat isfy its  dai ly phys iol ogical requi rement s. Let F(R)•Pr [ Y<R ] · be the 

probabi l i ty of an energy defic it ,  and the assumpt ion is made that 

select ion on survival favors minimizing this probabi l i ty. Caraco and 

Lima ( 1 985 ) ,  fo l lowing Stephens and Charno v ( 1982 ) ,  have used a s imp le 

t ransformat ion to characterize the forager's  prob lem. S ince Y approache s 

no rma l ity, the random variable z ( z•(Y- IJy)/ Oy) wil l be approximated by 
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the standard normal distribution. M inimiz ing F(R) is then equivalent to 

minimiz ing 

P r [ z<(R- JJy ) / cry ]  = $(zR) 
Suppose the forager (ful ly informed by assumpt ion) must  choose to  

a l locate its  t ime to one of  a series of reward probabil ity 

dist ribut ions. In making a choice, larger means are always attract ive 

s ince cS$( �)/ OlJ (0. The influence of the standard de viat ion depends on 

the s i gn o f  ( R- 1Jy ).  That i s  

cS$ ( zR) I OO'y >O i f  'lly >R ( 4 )  

( 5 )  

When a forager can expect it s intake t o  exceed i t s  requirement ( 'llv >R,  a 

pos itive energy budget ) ,  increas ing variance decreases an opt ions 's  

va lue. But when the forager can expec t an energy deficit ( lJy (R, a 

negat i ve energy budget ), increas ing reward variance enhances the value 

of an opt ion (Caraco et al .  1980a, Houston and McNama ra 1 982 , Pu l l iam 

and M i l l ikan 198 2 ,  Stephens and Charnov 1982). 

The fo l lowing hypotheses can be derived immediately from (4) and 

( 5 ). Consider an anima l  p resented with experimental choices between a 

constant (cr=O) and a variable ( 0' >O) rate of energy intake , with both 

ha ving the �ame expected value. According to (4 ) ,  the animal shoul d  

prefer the constant rate if i t s  expected energy budget i s  pos itive. 

Howe ver,  according to (5 ) ,  the animal should prefer the variable rate i f  

the expected energy budget is negat ive. These predicted behav iors are 

termed respectively "risk aversion" and "risk pronenes s'' (Keeney and 

Raiffa 1976)  s ince risk ordinari ly is assumed to depend on a measure of 

variabil ity (eg. , Po l lat sk and Tversky 1970 ). 
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The hypothesis  is  based on the premise of minimi zat ion and 

cons iders only immediate surv i va l ,  taking fitness  (W) as a step funct ion 

of the total rate of energy intake over a given period. That is 

W = 0 ,  i f  Y�R 

W =  1 ,  i f  Y>R 

E [ W] then becomes Pr [ Y>R] . 

McNamara and Houston ( 1 982) point out that this step funct ion 

neglects the effect of the energy intake during one period on the future 

survival and reproduct ion of the animal .  That is , a l l  foragers with a 

dai ly food intake exceeding the phys iologica l requirement need not be 

equal ly "f it". When energy can be stored on one day and used the next , 

i t  is  very poss ible that dW/dY>O for at leas t some Y>R. Caraco ( 1 980) 

and McNama ra and Hous ton ( 1982) adopt a convex-conca ve f itness  funct ion 

where dW/dY>O and 

d2W/dY2>0 for Y<R (6)  
(7)  

These two express ions are ana logou s to (4)  and (5) in that convexi ty 

( i.e. bowed downwards) imp l ies that the expected fitne ss  increases with 

reward variab i l i ty and concavity ( i.e. bowed upwards ) imp l ies that the 

expected fitnes s  decreases with reward variab i l ity (Caraco 1 980,  Caraco 

and Lima 1 985).  A risk sens itive anima l  is expected to exhibit a 

s igmoida l  fitnes s  function, switching from convex to conacave at the 

po int at which it changes from a pos itive to a negative energy budget. 

Most of the tes ts of this mode l have been performed us ing smal l 

granivorou s birds : ye l low eyed j uncos (Junco phaeonotus )  (Caraco 1980 , 

Caraco et al .  1980a),  dark eyed j unco s  (Junco hyema l i s )  (Caraco 1981a  
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and 198 1b) and white crowned sparrows ( Zonot richia leucophrys) (Caraco 

1 983) ;  or hymenopteran po l l inators (Real 1980a , Waddington et al .  1 98 1 ,  

Real et a l .  1982). Lab ile risk sens itive foraging p references have a l so 

been found in rodents (Sorex araneus L.) (Barnard and Brown 1985)  and 

may be common in smal l homeotherms that must regu late their  food intake 

over re latively short periods of t ime. Demonstrat ion of preference for 

different leve l s  of reward variabil ity may indeed be a fair ly universal 

phenomenon amongs t anima l s  that are governed by severe t ime cons traint s ,  

where a negat ive energy budget wi l l  reduce fitne ss  t o  zero, and incu r 

diminishing returns from further exp loitat ion of food whi le on a 

pos it ive energy budget. 

In this chapter I examine the possibil ity that d ichotomous foraging 

modes ,  observed in a large number of species and species group s ,  may be 

exp la ined in terms of different ial  risk responses.  Pianka ( 1966) ,  

working with l izards ,  recognized two ext reme type s o f  foragers on the 

basis  of the re lat ive importance of searching and pursuit in their  

foraging repertoire s :  1 )  Those that "sit  and wait" for  prey, capturing 

it by ambush; and 2)  those "mob ile" predators that hunt act ively for 

their  food. Subsequent stud ies have developed thi s concept (Pianka, Huey 

& Law lor 1 9 79 ,  Huey & Pianka 1981 ). More recent ly , spiders have been 

used to examine dichotomous foraging st rategies (Janeto s 1982a and b ,  

Nakamuru 1982 , Riechert and Luczak 1 982) and their  pos s ible  eco l ogical 

corre late s (Richter 1970, Ol ive 1981a  and b).  Comparat ive st udies  l ike 

this , as with tho se on the lacert id l izards , do , however , suffer from 

be ing made across different specie s. As a resu l t ,  the re are nume rous 

confounding variab les making def init ive conc lusions unrel iab le at best 
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( see Clutton Brock and Harvey ( 1 984) for  a discuss ion on the problems of 

inte rspeci f ic comparison). Nevertheless ,  spiders are idea l tools  for 

examining foraging behavior,  numerous studies having documented its 

int imate behaviora l  dependence on prey ava� labil ity (Cherrett 1964 , 

Turnbul l 1964, Dabrowska Prot and Luczak 19 68a and b ,  Hardmann and 

Turnbu l l  1974,  Greepstone 1978 ,  Lub in 19 78 ,  Hol ldob ler  1 970 , Uet z and 

Burge s s  1 9 7 9 ,  Bi shop 198 1 ,  Gi l lespie 198 1 ,  Rypstra 1 98 1 ,  Wise  19 8 1 , 

Mackay 1 9 8 2 ,  Morse and Fritz 1982). The present chapter examines the 

foraging s t rategies of the two local popu lat ions of Tet ragnatha el ongata 

in the context of the s it-and-wa it  versus mob ile  search dichotomy. It  is 

based on the premise that this spec ies exp loits  "patches" in the 

envi ronment :  i .e. , units between which f itness  prospects  differ (Wiens 

1 9 76).  Tetragnatha el ongata exploits a wide variety of riparian habi tat s 

in the eastern U.S.  (Levi 1981 ) ,  which exhibit high tempora l and spat ial  

variab i l ity. Acros s a gradient in  patch qua l i ty, a s ing le species might 

be expected to exhibit phenotyp ic plasticity,  exp loit ing re sources in 

d i fferent ways under changing cond itions (Morse 197 1 ,  S l ater 198 1 ). The 

extent and form of plast icity in foraging behavior is  l ittl e known in 

spiders,  apart from sexua l ly rel ated d ifferences (Givens 19 78). Thi s  

study is  conf ined t o  different popu l ations o f  adu l t  fema le � e longate. 

A mode l is presented which is des igned to re late a gi ven foraging 

strategy to the cos ts I benefits  encountered by an indi vidual ,  in the 

l ight of stochastical ly changing resource avai labi l i ty. Thi s  mode l is  

based on risk sens i t i vity and suggests  a para l l e l  to the s i t-and-wait I 

mobi le search dichotomy. A test of the mode l ' s  predictions is  made us ing 

the two popu lat ions of � elongate which occupy markedly different 
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habitats a l ready described. 

A comp lete study of optima l foraging must inc lude three component s 

(Oster and Wi lson 1978) : 1) Construction of a mode l on the bas is of 

natural history experiments and intui t ion, taking into account the 

anima l ' s  state space,  its col lect ion of strategic al te rnat ives , the most  

appl icab le fitness  criterion and the re levant cons traint s (part I) ; 2 )  

deri ve a set  of  predictions from the mode l ana lys is (mode l } ;  and 3 )  test 

these predic tions us ing emp irica l observat ions (part II) .  Fo l lowing 

reconna isance obser vat ions (Lehne r 1979)  the present study was 

accord ingly  divided into two part s :  1) De termina tion of the parameters 

pert inent to a gi ven foraging .behavior to al low the formu l at ion of a 

reasonab le model to de scribe its beha vior; and 2)  testing the val idity 

of the model deve loped. The study was conducted over  three field  seasons 

(June -September of  1 982-1984). Fo l l owing reconnais sance obse rvat ions 

during the first field  season, I set out to determine the re levant 

parameters to descr ibe the foraging behav ior of the species. A model was 

then de vel oped to de scribe the behavior, its va l idity be ing tested in 

the fina l f ie l d  season. 

Correlates of Foraging Hade 

Methods I 

This  part of the study was di vided into descript ive compari son of 

behavior and experimental manipu lat ion: 

Demography. A total of s ix aspects  of the behavior of the two 

populations were examined and compared: acti vi ty patterns,  sp ide r 
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dens itie s ,  web re locat ion s ,  dis tance moved during web re locat ion,  number 

and type s of prey items caught and web take overs. 

Act i vity pat terns. During the first fie l d  season ( 198 2 ) , the 

acti vity patterns of the two sp ider populat ions were determined by 

document ing the act i vity of individua l s  through a 24 hour cyc le. At 1/ 2 

hour int ervals , al l spiders that could  be censused ( l ake spiders , 

n = 98 ; creek spider s ,  n = 52 ) were monitored as to their  act i v ity:  

wandering I travel l ing, stat ioned at the hub of the orb , act ively 

monitoring prey impingent on the we b, or inert (stretched out so as to 

be camouflaged aga ins t the substrate). A total of seven 24 hour samp l ing 

periods were co l lected for each habitat.  

Compari son of spider  densities. In order to est imate loca l 

sp ider dens ity,  indiv idua l s  were marked on their abdomen with Airfix(R ) 

paint ,  a fast drying ename l ,  app lied with a pa intbrush brist l e. Only 

adul t fema les were used, thereby avoiding prob lems arising from spiders 

mo l t ing. A co lor code was adopted us ing d ifferent legs and co lors to 

posit ive l y  characterize individua ls .  The number and pos iti on of  specific  

individua l s  in  a gi ven area was then monitored at  weekly interva l s  

throughout the field  season (June 14th - August 3 1 st ). The pos it ion o f  

ma rked indiv idua l s  was recorded, any unma rked individua ls  be ing caught 

and marked as they were found. In thi s way individua l s  in the area cou l d  

be tracked throughout the f ie l d  season. On the lake, a total of  149 

sp iders were marked in 16  observat ion periods , made at approximate ly 4 

day interva l s  from June 20th to August 3 1 s t. Data were col lected from a 

5 m x 5 m s t udy area  on ly.  On the creek,  a t o t a l  o f  7 1  sp iders  we re 

marked in the course of dai ly observat ions over the 79 day fie ld 
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sess ion. The area used was a 26 m sect ion over the creek (width 0.7- 1 .2 

m). These measurement s al lowed an estimate of spider density (number of 

individua l s  per m2 ) and its  variat ion through the season. This  was found 

by count ing a l l  marked and unmarked indiv idual s  and divi ding thi s value 

by the area under study (25 m2 on both the l ake and the creek).  

The number of web re l ocat ions made by indiv idua l s . Marked 

spiders we re used again to determine the frequency at which they changed 

the locat ion of their  webs. An index was obtained on the lake by 

tal lying a l l  spiders that had changed web sites  between consecut ive 

observa tion periods. In order to make the creek resu l ts comparable to 

the l ake , only the data gathered during the same 16 days from thi s 

popu lat ion was used in the est imate. 

Estimat ion of the di stance mo ved during web re locat ion. 

Marked spiders were used again to est imate the distance moved when 

sp iders changed web locat ion, with only thos e spiders that we re observed 

to re locate be tween observat ion periods inc luded, A metric tape was used 

to measure the shortest dis tance between web locat ions used by an 

indi vidual on consecutive observat ion periods. 

The numbers and types of � items caught. Focal anima l 

sampl ing (Lehner 1 979 )  was used in studying prey capture behavior ( 1 /4 

hour observat ion per iod), Anima ls  were se lected at random and the number 

and s ize of prey items (in mm) caught within the sample period was 

recorded. Samp les were taken throughou t the day. A minimum of eight 

rep l i cates we re made for each 1/4 hour interva l in the 24 hour cyc le.  A 

headl amp , covered with red I orange plastic and directed away from the 



web to minimize the effect of l ight on insec t act ivity,  was used for 

night t ime observations. 

Experimental manipu lat ion. The nature of the behaviora l  
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d ifferences between the two popu l at ions was fa rthe r examined through two 

experimental manipulations : prey availab i l i ty and habitat crossp lant s. 

The ef fect of prey numbe rs � web building. Twenty four 

indiv idual cage s were set up a long the stream bed. The cages cons is ted 

of wooden r i ms ( 3 9 . 3  em x 3 9 . 3  em x 1 1 . 4 em) , the ent i r e  inne r sur f a ce s 

of which we re l ined with f ine wire s creening. Nine circu lar apertures 

(diameter 9 em) on the top and s ides a l lowed for ae rat ion. Gl ass p l ates -

were latched on to the front and back of these st ructures to fac i l itate 
' 

observations. We ighed spiders were p l aced individua l ly ins ide the cages. 

The sp iders we re fed field  co l l ected fruit f l ies (Dro sophi la 

me lanogaster:  average we ight 2 .59mg). The methods used have a l ready been 

ou t l ined in the ''Factors res pons ib le for survi v a l  and web bu i l d ing" in 

the previous chapter. Sp iders were subjected to one of s ix treatments 

for a period of 14 days: insects administered at a rate of 40,  20 ,  1 0 ,  

5 ,  2 and 0 � me lanogaster per 24 hour period. The cage s were examined 

for the presence of an orb at 0600 and 2100 hou rs dai ly. 

The plasticity of  foraging behav ior. The ef fect of  hab itat on 

foraging behavior was examined by means of reciprocal transfer 

expe riment s. Two ident ica l cages (2 m x 2 m x 1 m) were constructe d 

us ing wooden s t ruts. P lastic (clear po lythene) was used to cover the 

side s. Nett ing co vered the top of the cage s. One cage was p laced on the 

grave l  f loor of the creek. The other was suspended over the lake by 

means of a rope from an overhanging tree. The f l oor of both cages was 
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uncovered so  as to a l l ow insects to emerge from the water into the cage. 

Five sp iders from the lake were placed in the cage on the creek, and 

five from the creek in the cage on the lake. The act i v ity of indiv idua ls  

was reco rded at  interva ls  throughou t the day for  compari son with the 

act i v i ty patterns of the anima l s  natural ly  occupying the respect ive 

habitats. A tota l of three rep l icat es were ma de over  consecu t i ve 16  day 

periods , us ing different spiders in each repl icate. 

Corre lates of Fo raging Mode 

Re sults  I 

Demography. Tab le 6 summa rizes the various popul at ion parameters 

and foraging differences between the lake (n•132 )  and creek (n•6 1 )  

spiders . 

Act ivity pat terns. The proport ional number of ind i v idua l s  

engaged i n  various behaviors at a given time were used to investigate 

acti vity pattern. For each of the three primary ac tivit ies (Fig. 2 ) ,  the 

t-stat i stic  gen�rated indicated a s ign ificant difference between 

habitat s (p<0.0 1 in each case). The act ivity most  affec ted by site,  

however,  was the t ime spent at  the hub of the orb. Compari son of  thi s 

act i v ity on the creek ve rsus the lake i s  shown for a 24 hour period in 

f igure 1 8 .  

Comparison of spider densities .  In  order to  determine the 

spider  dens ity in the two habitat s ,  comparab le areas were used on bo th 

the creek and the lake (a 5 m x 5 m section over the water on the l ake; 

a 26 m stretch al ong the main stream [ 0 .8- 1 .2  m wide ] of  the creek). 



TABLE 6. SUM MARY OF VARIOUS POPULATION PARAMETERS AND FORAG ING 
DI FFERENCES ON THE CREEK VERSUS THE LAKE HABITATS. 

SPIDER DENSITY 
mean , C . L .  

range 

NO . SITE CHANGES 
I DAY (mean , C .L . )  

DISTANCE MOVED 
BETWEEN SITES ( m )  
(mean , C . L . )  

NO . PREY CAUGHT 
I HOUR 
(mean , C . L . ) 

FREQUENCY WEB 
SITE TAKE OVERS 

MEAN PROPN FEMALES 
RAIDING THE WEB OF 
ANOTHER PER DAY 

CREEK 

0 . 55+0 . 38 s p i d . lm 2 

0 . 3-0 . 9  spiderslm2 

0 . 056+0 . 082  

4 . 4 1 7+6 . 662 

0 . 745+2 . 666 

0 . 1 5 
(n:o25 )  

0 . 00 
(na25 )  

LAKE 

3 . 1 3+ 1 .9 6spid./m2 
2 . 0-5 .3 sp iderslm2 

0 . 7 53+0 . 909 

1 .  586+2 . 979 

2 . 1 26+4 . 873  

0 .00 
(n=-58 ) 

0 . 3 7 
(na58 )  
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Values for spider dens ity, frequency of s i te change, distance mo ved 
be tween s ites and number of prey caugh t per hour were taken over the 
1983-1984 field seasons (n•132  for the l ake; n•6 1 for the creek). A t­
test was used to find the s ignificance of the dif ference in frequency o f  
web re locat ion (t•4.55 p(.00 1 ). A GLM ana lysis o f  variance was used to 
test the signif icance of the di fferences between the lake and the creek 
with regard to dist ance between s ites (F-30.42 p(.00 1 )  and prey cap ture 
rate  ( F•39 . 4 5  p( .00 1 ) . 
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Figure 18 . Percentage of sp iders found at the hub of the orb ( l ake 
n=98 , creek n=52 )  at hourly interva l s  throughout the day on 
both  the c reek (.) and the l ake (*)  s p iders .  
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Dens ities on the l ake increased from 2 spiders  per m2 (June 1 6th 1984) 

to 5.3 spiders per m2 (25th Augu st 1984) during the season. On the 

creek, dens it ies gradual ly dec l ined from .95 spiders per m2 ( 1 4th June 

1984) to .30 sp iders pe r m2 (22nd August  1984) during the season. 

Dens it ies were therefore a lways ve ry much hi gher on the lake than on the 

creek . 

The numbe r of web re l ocat ions made by indiv idual s. The 

frequency of web re location was determined by dividing the total numbe r 

o f  individua ls  that had changed web s i tes between two consecutive 

observat ion days by the total  number of spiders that were observed in 

both these consecutive periods. These  va lues were summed and divided by 

the total  number of observat ion pe riods ( 1 6 ) to give the average numbe r 

of move s made by an indi vidua l in any gi ven 4 day period between 

obser vat ion days ,  and are shown in Table  6. As can be seen, movement on 

the lake was over an order of magni tude greater than that on the creek. 

Est imat ion of the distance moved during web re locat io� The 

average dis tance mo ved during these re locations was found to be 4 .42 m 

on the creek (SD-3.33 , n•24). On the l ake the dis tance mo ved was on ly 

1 .59 m (SD-1 .5 2 ,  n•58) .  Creek sp iders covered over twice the dis tance of 

l ake spide rs dur ing web re locat ion. Ana lys is of variance (GLM)  indicated 

that this difference was highly signif icant (F•30.42 ,  p<O.OO l ) .  

The numbers and types of � items caught. The mean prey 

capture rate was found to be 0.7 5 insects per hour (SD- 1 .3 3 ,  n•23 7)  on 

the creek. On the lake , howe ver,  the cap ture rate was 2 . 13  insects  per 

hour (SD-2 .49 , n• 187) .  A t-test was used to compare the se prey capture 

rates and ind icated a highly significant difference (t=7 .3 1 ,  p<0.00 1) .  
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Figure 19  shows the variat ion in prey capture rate through the day for 

both habitats and indicates that the pattern and amount of prey cap ture 

is markedly d ifferent in the two habitats.  On the lake the capture rate 

is much higher, and is a l so conf ined to the hours of approximate ly 2000 

- 0700. Prey are captured at a very low rate throughout the 24 hour 

period on the creek. 

Experimental manipulat ion. 

The effect of prey numbers on web bui l d ing. Sp iders were 

found to be high ly responsive to prey avai lab i l i ty at both upper and 

lower extremes .  Web bui l d ing frequency dropped sharp ly when five or 

fewer insect s were administered dai l y. A basal level (webs bui l t , on 

a verage , on 9% of  the 14 day period) was found when no prey were 

adminis tered. At very high prey avai labi l ity (40 insects per day) ,  the 

dec l ine was more gradual . At a l l  intermed iate leve l s ,  however, web 

bui l ding frequency was fair ly cons tant. As most habi tats occupied by the 

sp iders wou ld offer prey wi thin thi s  range , web bui lding frequency in 

the natural  habi tat might be expected to be re latively independent of 

prey avai labil ity. 

The p lasticity of foraging behav ior. The effect of habi tat on 

foraging behav ior was examined by calculating the frequency of each 

activity (walking, at the hub and flat agains t the substrate) for each 

t ime period (0000 , 0 100 ,  . . . .  , 2400 hours ) for spiders trans ferred from 

the creek to the lake and v ice versa. A series of t-va lues were 

generated to compare the act i vi ty patterns of the trans located spiders  

with those characterist ic of  its  parent populat ion as we l l  as of  its  new 

habi tat (Table 7).  The proport ion of spiders changing web s'i te on 
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TABLE 7 .  RECIPROCAL TRANSFER EXPERIMENTS: COMPARISON OF PRIMARY 
ACTIVITIES IN CREEK AND LAKE TRANSPLANTS. 

LAKE 

wa lk  t•2 .9 7 p (.O  1 

CREEK hub t•8 . 17  p<. 00 0 1  

flat t•2 . 92  p< . OOS  

walk 

LAKE hub 

flat 

walk 
TRANS-
FER RED hub 
LAKE-
CREFX f l a t 

TRANSFERRED TRANSFERRED 
LAKE- CREEK CREEK- LAKE 

t•0 .8 5 N. S .  t::�� 4 .8 3  p( .0 0 1  

t•0 .06  N .S .  t = 7  . 98  p ( .OO  1 

t•1 . 2 7  N . S .  t•6 . 67 p< . 00 1 

t•2 . 40 p( . OS t::��0 . 63 N . S .  

t•6 . 1 4  p( . 001  t•0 . 1 4  N . S .  

t::��3 . 6 1  p( . 0 1  t•0 . 1 1  N . S .  

t•3 . 44 p< . 0 1  

t•8.97 p<.00 1 

t•4 .86 p(.00 1 
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The table  shows a series of  t va lues ca l cu lated to compare the 
observed foraging pattern of a trans l ocated spider with its  parent 
populat ion and with the population to which it is transferred (N.S .•not 
s i gni f ican t ,  i . e . , p > .O S ) .  
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consecut i ve days was also  ca lcul ated. Creek spiders were found to  change 

s i tes at a frequency (average 0.8 1 2 ;  SD•0.4 1 3) comparab �e to lake 

spiders when trans located; there was no signif icant difference between 

the re spect ive values for re locat ion frequency (t-t e s t :  t•1 .82 1 , 

p>O.O S) . Lake sp iders changed s ite at a frequency (average 0.160 ;  

SD•0.409 ) on ly sl ightly higher than creek sp iders when trans located; but 

again, the difference between the va lues for relocat ion frequency was 

not s ignificant ( t-te st :  t=l .821 , p)O.OS ). The dis tance mo ved between 

s i tes d id not, however, d iffer s ignificant ly between the two sets of  

trans located sp iders. Thi s lat ter f ind ing is almos t certainly due to  the 

· cons training inf luence of the cage to which the spiders were conf ined. 

These re sults  demons t rate , there fore , that spiders adopt the act i vity 

patterns characterist ic of  the habitat to which they ha ve been 

trans located. This ind icates that foraging mode in � el ongata i s  not 

cons trained gene t ical ly; rather it varies with env ironmental 

characte ristics . 

The Model 

Based on the resu l ts obtained in the first pa rt of  this study ( see 

above ) , the . fo l lowing mode l was deve loped, in co l laborat ion with Dr. 

Thomas Caraco of the State Univers ity of New York at Al bany, to describe 

the beha viora l differences between the sp iders from the two hab itats. 

Cons ider two theoretical strategies :  a spider chooses to be a sit-and­

wa it predator or a mob i l e  predato r. Ne i ther strat egy uses info rma t ion 

that might be ga ined from recent experience. This may be rea l istic for 

ce rtain invertebrate predator s that have a l imi ted ab i l ity to process 
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information. S ince :  1 )  a fema l e  wi l l  genera l ly bu i l d  a web each evening 

(having ingested the rema ins of the prev ious orb) !�dependent ly of 

forag ing mode ; and 2 )  movement take s less  tt'me (and probab ly less 

energy) than web construct ion, the overal l co sts  of the two strategies 

are ini tia l ly taken as equivalent. In the discuss ion I examine the 

appl icab le criterion when the mobile  strategy is more expens ive. 

Suppose that a sp ider must capture more than R prey over a season 

lasting n (n) 1 )  days in order  to surv i ve and successfu l ly produce an egg 

sac. Then it fa i l s  to reproduce if it captures a total of R or fewer 

prey. To examine the potential  effect s of envi ronmental stochastici ty 

and risk-sens it i v ity on choice of foraging mode ,  the mode l ' s assumed 

object ive is minimizat ion of the probabi l ity of reproduc ti ve fa i lure. 

The Envi ronment 

At any part icu lar web s ite the probab li stic rate of prey capture is 

A. Si te qua l ity varies spat ial ly ,  so A itse l f  can be ass umed to be a 

random variable. Specifical ly ,  the distribu tion of A across poss ible web 

s ites can be assumed to fo l low a gamma dens ity: 

f (  A) = Ae-1 a.-ee- A/ a  t r  ( e )  

A > o ; a, e > o ;  r( e )  = e r( e- 1 ) 

( 1 )  

The expected rate of prey capture in the envi ronment is  E [ A ] =ae ,  and i t s  

variance i s  V [ A ]= �e. The gamma dens ity accomodates a wide variety of  

shapes ;  hence it is  a good model for  many cont inuous ,  non-negative 

random variabl es (Bury 1975 ). 

S i t-and-Wa it Predator 

A si t-and-wa it  predator select s a foraging site and bu i lds a new 
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we b at the same locat ion on each of n days. The select ion of  a site  can 

be equated with samp l ing randomly from the d istribu tion of A. That is ,  

the predator "knows " f( !.) , but the capture rate at  any part icular s i te 

is unknown at the t ime of dec id ing to sit and wait .  Once A has been 

determined ,  the count of prey captured become s a cond itiona l Poisson 

process. Howe ver ,  the marginal probab i l i t ies for the number of captured 

prey and the consequent probab i l ity of reproduct ive fai lure mu st be 

ca lcu l ated at the decis ion point , before the part icu lar value of A i s  

realized .  

Let the non negat ive di screte variab le Ys represent the tota l 

number of  prey captured by a s it-and-wait predator over the n days o f  

the season. G i ven a part icu lar prey cap ture rate A ( i .e . , given 

se lection of  a part icular web s i te ) ,  Ys is a condit i ona l Po is son 

process : 

(2)  

S ince A is  a random variable ,  the marginal dist ribut ion of Ys at the 

decis ion po int depends on f( A). Margina l ly ,  

Pr [ Ys•y ] = i:Pr [ Ys-yl A ] f( >.) d). 

= J: [ e-><n( >.n)Y /y! ] p6- 1a -6e ->. /a /r (e) ] d). 

The Ys fo l l ows a negat ive b inomia l probab i l i ty funct ion: 

9+y+1 1 na 
Pr [ Ys•y ] • (------ -) ( ------)9( ------)� 

y na+1 na+1 

(3 )  

(4 )  

( 5 )  

This is a standard res u l t  (e.g. , Pie lou 1975) .  Gi ven that  Ys is  a 

negat ive b inomial  variate 

E [ Ys ] = n a6 ;  and 

V [ Ys ] • na9(na+1)  

(6a) 

( 6b )  
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The probabi l ity of a reproduct i ve fai lure for the s it-and-wai t  predator 
II t Pr [ Ys-y ] .  Y.O i s  

Mobile  Predato r 

A mobile  predator changes its  foraging site  on each of the n days. 

This strategy can be equated with n random and independent samples from 

f(A). Let the non-negat i ve discrete random variab le Xi represent the 

number o f  p rey cap t u red  by a mo b i l e  p redat or  on day i ( i  = 1 ,  2 ,  • • • • •  , 

n). Given a part icu lar cap ture rate A ,  Xi is condit ional ly a Poi s son 

variate : 

( 7) 

Since X is also  a random variable ,  the margina l dis tribution of the 

number of prey cap tured on day i depends on f(X ) :  

Pr [ Xi=x] = r:Pr [ Xi=x l A ] f ( A )  dA (8)  

The nXi must  fo l l ow a negat i ve binomial probabil ity function,  and 

9-x- 1 · l a 
Pr [ Xi=x ] = ( -------) ( -----) 9( -----)x 

X a..+ I a +l 
(9) 

Now let Ym represent the total number of prey captured by a mobi le  

predator over the n days of the season; Ym • f.1xi . S ince each Xi is  an 

independent and ident ical ly distribu ted negati ve binomial variate with 

parameters a and 6 ,  their  sum (Ym) is  a negat i ve binomia l  variate with 

parameters a and n6 (DeGroot 19 70). Therefore, 

n9+y-l 1 a 
Pr [ Ymsy ] = (--------) ( -----)n8( -----)Y 

y a+l a+l 

Since Ym is  a negative binomial variate , 

(10)  



E [ Ym ] = na9 ;  and 

V [ Ym ] = na 9(a+ 1 )  

( l la)  

( l lb )  

The probab i l ity o f  a reproduct i ve fai lure for a mobile  predator i s  

f Pr [ Ym=y ] .  Y•O 

In the same envi ronment, i.e . ,  gi ven a part icu lar f (A ) ,  the two 

strategies yie ld ident ica l expected va lues for the total number of 

captured prey; E [ Ys ] = E [ Ym ] = nae. However, the variance of the total 

number of prey captured is  greater for the s it-and-wait strategy; 

nae(m+ 1 )  = V [ Ys ] > V [ Ym ] = na8 (a+l ) .  This  res u l t  sugge s t s  that unde r 

certain condit ions risk-avers ion might favor the mobi le st rategy,  and 

ri sk-p ronenes s  might favor the sit-and-wa it s trategy (Caraco et al .  

1980a, Caraco 1981a ,  McNamara and Houston 198 2 ,  Stephens and Charnov 

1 982 , Barnard and Brown 1 985).  This possibil ity wil l now be examined. 

Compar ing the Strategies 

For the s it-and-wait predator, the probab i l ity of reproduct i ve 

failure is 

9+y- 1 1 na 
Pr [ Y  ( R ]  = ' (-------X------)9 (---- --)Y s fso y na+1 na+1 

For the mobile  predator the corresponding probab il ity is  

ne+y-1 1 . a 
Pr [Y  ( R ]  = f ( --------) ( -----)ne(-----)Y m yrO  

y a+1 a+1 

( 1 2 )  

( 1 3 ) 

Each of the probab i l i t ies is a distribut ion funct ion of a negat i ve 

binomia l ,  designated by FNB' evaluated at the foraging requirement R. 

FNB can be expressed in terms of the distribution funct ion of  a beta 

variate , des ignated by F S (Pe l t zer and Pratt 1968) : 

( 1 4 ) 
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The probab i l i t ies gi ven in equat ions ( 1 2 )  and ( 1 3 ) lead to t he fo l l owing 

repre sentat ion in terms of F a : 
p; 

P r  [ y j <R ] = Io x�-1 ( 1-x)Rdx I s;xqe-1 ( 1-x)Rdx ( 1 5 )  

For the s i t-and-wa it predator the ent ries in equation ( 1 5 )  are Yj = Ys , 

c j = 1 ,  and 

Pj = Ps = (n a +  1 )- 1  ( 1 6 )  

For the mob i l e  predator the correspond ing quant it ies are Yj = Ym, cj = 

n , and 

( 1 7 )  

Gi ven the const ra ints o f  the mode l ,  an efficient p redator should choose 

the strategy yie l d ing the sma l ler Pr [ Yj � R] . 

Equation ( 1 5) i s  an incomp lete be ta funct ion that , in genera l ,  

requ ires nume rical eva l uat ion (see be l ow).  Bury ( 1 9 75) , however, 

prov ide s  for an approximation for Fa that is  useful when (8+R) is not 

too sma l l :  

Fa ( p j ; c j 8 ,  R + 1 )  = FN ( il  ( p j ) ;  0 ,  1 )  ( 1 8 )  

FN ( �  ; 0 ,  1 )  i s  the standard no rma l dist ribution function, and 

�J-�_:_�----�:t�-�-�:-��.:-_!J.� 
[ (cj O + R) Pj ( 1  - Pj ) ] 1/2  ( 1 9 )  

Expre s s ions ( 1 5) and ( 18 )  d i rect ly imp ly that the s it -and-wa i t  st rategy 

provides the lower probabi l ity of reproduct i ve fai lure when l (ps ) < 

l(pm) ,  and the mobi l e  strategy yie l d s  the l owe r p robabil ity o f  

reproduct i ve fai l ure when l(pm) < 1 (ps ).  

Reca l l  that E[ Ys ] = E[ Ym ] = naB ;  for convenience we des ignate this 

common expectat ion by � .  After sub s t i tut ing for cj and Pj in equat ion 

( 1 9 ) ,  s imp l e  al geb ra shows that for the s it-and-wait  st rategy 



z (p8 ) == (R - � ) / [n a ( e  + R) ] 1 1 2 

For the mobi l e  strategy 

z (pm) == (R - �) / [ a  (n e + R) ] 1 /2 
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(20) 

( 2 1 )  

S i nce n > 1 ,  n a (9 + R )  > a(ne + R ) .  Tha t  i s ,  the denom ina t o r  of l ( p s ) 

is grea ter than the denominator of I (pm).  Then the approximat ion to the 

beta d i s t ribution leads to the fo l l owing conc lus ions : 

( 1 )  When 'IJ > R,  so that the predator's expected intake exceeds i t s  

requi rement , Z (pm) < z (ps ) and the mob i l e  strategy i s  superior. S ince 

V [ Ym ] < V [ Ysl risk-a vers ion i s  favored when the forager can expect to 

surpas s  its requirement (Caraco et a l .  1980a;  Houston and McNamara 1 98 2 ,  

Pul l iam and M i l l ikan 1 9 8 2 ,  Stephens and Charnov 1 982) .  

(2)  When 'IJ < R,  so that the predator' s requirement exceeds its  

expected tota l intake , z (p s) < z (pm) and the s it-and-wait strategy is 

superior. S ince the sit-and-wa it st rategy induces the greater variance 

in food intake, risk prone behavior is favored when the forage r cannot 

expect to surpas s  its  requirement. 

Numerica l Re su l t s  

Us ing equat ions ( 12 )  and ( 1 3 ) ,  the probabi l ity o f  reproduct i ve 

fai l ure was ca l cu l ated for both the s it-and-wait  and mob i l e  over a range 

of values for e ,  a , and n. Equat ion ( 1 8 )  (the ana lyt ic approximat ion) 

s ugge s t s  that P r [ Ym � R]  < Pr  [ Ys � R] when R < 'IJ ,  and P r [  Y s � R] < 

Pr [ Ym �R] when R > � .  In mo st case s the approximat ion doe s quite we l l .  

Under certain circumstances ,  howe ver, an individua l shou l d  choose the 

mob i l e  strategy , i.e., the strategy y ie l ding the lower variance, for 

values of R somewhat l arger than � · 



The analytic approximat ion performs best when a > 1 and a < 1 .  

S ince E [ A ] = a e  and V [A ] = a 2a ,  the norma l approximat ion appears quite 

re l iable when the variance of A is less than its expec ted va lue. When 
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a > 1,  so that V [ A ) > E [ A ] , the app roximation's  performance decl ine s ;  

the app roximat ion may not perform especial ly we l l  when a >  1 ,  e < 1 and 

n is large. Al l such cases are, however, simi lar  in that the mob ile  

strategy shou ld  be  fav ored no t on ly when R < J.l ,  but a l so over an 

interva l  where R exceeds ].l .  Consequent ly , the mobile  st rategy can be 

advantageous over a greater range of physio logical requi rement s as the 

spatial heterogene ity in prey capture rates increases .  

Figure 20 shows an exampl e  where the norma l approximat ion fare s 

poorly. Parame ter va lues are a =  0. 1 ,  a a  5 ,  and n = 40. Ys has a 

st rong mode at 0 ;  modal values o f  Ym are 14 and 15 .  The common expected 

v a l ue is 1J = 2 0 ,  bu t Pr [ Ym � R] < Pr [ Ys � R] f o r  R � 3 1 .  That is , the 

mobi le  strategy remains favored as  R increases unt i l  R > 1 .55 J.l • 

Parame ter va lues for Fig. 2 1  are a = 1 ,  a = 0.1 and n = 100. When 

8 = 1 ,  Ys fol l ows a geometric probabil ity funct ion (as a special case of 

the negat i ve b i nom i a l ) ,  and so has a mode at  0 .  Ym has a mode at  9 .  The 

norma l approximat ion performs very we l l .  As R increase s ,  the shift from 

risk-averse to risk-prone behavior, i.e. from the mobile to the s it-and­

wa it strategy, shou ld occur c lose to the common expectat ion J.l = 10. 

Simi larly,  the approximat ion proves re liable for the parameter va lues 

used  for F i g .  2 2 ,  e = 2, a = 0 . 1  and n = 1 0 0. In th i s  case b o t h  Ys an d 

· Ym have posit ive mode s ,  so that the accu racy of the norma l approximation 

should  not be surpris ing. 
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Figu re 20 . Dist ribut ion functions showing the re lat ionship between the 
probabil ity of acquiring fewer prey than are necessary to 
reproduce against the number they require ;  6:o:O. l ,  a =5 , n=40. 
For convenience the calculated d i screte distribut ions are 
drawn as cont inuous funct ions.  Ys refers to the s it-and-wa it  
strategy;  Y refers to  the mobile  strategy. The ve rt ica l 
l ine at R•lo ident ifies the common expectat ion of Ys and Ym. 
With 9<1 and a> l ,  the mobi l e  st rategy is superior not on ly  
for R< \.&, but a l so over a range of  values where R>lJ . 



0.8 

....--. 0.6 
a:: 
VI 
>-­

� 0.4 
CL 

0. 2 

4 7 10 
R 

1 3  16 19  

Figu re 2 1 . Distribut ion funct ions showing the re lat ionship between the 
probabil ity of acquiring fewe r prey than are necessary to 
reproduce agains t the number they requ ire ;  9•1 , a•0. 1 ,  
n=100. The vert ica l  l ine at Rz 10 ident i fies the common 
expectat ion of Y8 and Ym. The mobile  strategy i s  superior 
for R< �; the s i t-and-wa it strategy is superior for R> � 
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Conclus ions from the Mode l 

In its  ana lytica l form ,  the model proposes that a predator shou ld 

be ri sk-averse and adopt the mobile  strategy when the ind iv idua l can 

expect to capture more prey than is required to survi ve and reproduce. 

But when it can expect to capture fewer prey than requi red , a predator 

shou ld be risk-prone and adopt the si t-and-wa it strategy. 

One of the assumpt ions of this mode l is that a forager res ponds to 

the globa l pattern of prey abundance , but not to informat ion that might 

be acqu ired concerning loca l variation in the probabl i s t ic rate of prey 

capture. This  s imp l i f icat ion may be inappropriate for many ve rtebrate 

forage rs,  but may not be unrea l is t ic for spiders. O l i ve ( 1982)  found 

that juveni le sp iders cou ld  discriminate between no food and more food 

than minimal ly required for growth, but patterns of mobi l ity and web 

s ite se lect ion were independent of prey abundance whene ver food was 

avai l able (a treatment with some food , but less  than required for 

growth, was not inc luded in the study). The assumpt ion a l so appears to 

be cons istent with the observed behavior of � elongata out l ined in the 

previous sect ion of this dissertat ion. 

The assump t ion that the energet ic costs of the two strategies are 

effect ively equivalent may be qui te reasonable for orb weaving spiders 

that are capable of ingesting their  webs  (though it is  c learly 

inappropriate for most birds and mammal s  (Norberg 1977 ; see Janetos 

1982a) But what wou ld  happen if the mobi le strategy were more 

expens ive?  The s it-and-wait strategy could  be advantageous at value s  of  

n ae  exceeding R. Suppose the co st  of  moving amounted to the equ ivalent 

of k prey per move. Then the probabil ity of a reproducti ve fai lure for a 



89 

s i t-and-wai t predator wou l d  remain Pr [ Ys < R] , but the probabil ity of a 

reproduct ive fai lure for a mobi le predator would  become P r [ Ym � R + nk ] .  

Equat ion ( 1 2 )  for Pr [ Ys � R ]  would sti l l  app ly. Minor modification of 

equat ion ( 1 3 ) ,  rep lacing R by R + nk , would  give the exact currency of 

f i tness  for the mobile  st rategy, and the two a l ternat ives  cou ld  then be 

compared nume rica l ly for any given val ue of k. With respect to the 

norma l approximation gi ven by equat ion ( 1 8) ,  z(ps ) for the s it-and-wait  

st rategy woul d  remain exact ly as shown in equation (20) .  For the mob ile  

predator z (pm) would  become 

(pml k > 0) = [ (R + nk ) - � ] / [ a (n 8 + R + nk ) ] l / 2 ( 2 2 )  

The sit-and-wait st rategy has the advantage when Z(ps ) < &(pm 1 k > 0) ,  

and the mobile strategy is superior when l(pm I k > 0) < z (ps ). There fore ,  

the assumpt ion of  equivalent energetic costs f o r  the two s t rateg ies doe s  

not impose a l imi tat ion o n  the mode l .  The analytic approximation would 

no t ,  however, reduce to a simp le compari son of ll with R if the two 

strategies incur dif ferent cos ts .  

Methods I I  

Te sting the Val idity of � Model Des igned � De scribe Behavior 

The val idity of the mode l proposed abo ve hinges on the 

demonstrat ion o f  3 facets of the foraging behavior of � elongata: 1 )  

sp ide rs mu st be capable of varying the i r  int ake according to prey 

avai labi l i ty; 2) sp iders on the lake must  store more food (measured by 

fat content) than those on the creek; and 3) the foraging mode exhibited 

must para l l e l  thresho ld leve l s  of prey avai labil ity: the number of 

insects required to sustain an indiv idual must be be low some minima l 
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va lue on the creek, abo ve on the lake. In order to examine these 

predict ions , experiments were performed to determine :  1) the constraint 

on the number of prey consumed per day: is � e l ongata capab le of  

exp loit ing variab i l ity in  prey abundance? 2 )  t he fat content of sp iders 

on the creek re lat i ve to those on the l ake, 3) the energetic needs of 

the sp ider for both surv i va l  and reproduction and 4) the prey 

avai lab i l ity leve l s  afforded by the creek and lake habitat s ,  

respect ively . 

Can .!:_ elonga ta vary i t s  intake with prey avai lab i l ity? In order 

to measure the extent to which spiders are capab le of exp lo i t ing 

variabi l ity in prey abundance,  the e ffect of hunge r leve l on the 

durat ion of a s ingl e  foraging period was determined. Ind ividual spiders 

were p l a ced in cag e s  ( 3 9 . 3  em x 39 . 3  em x 1 1 .4  em)  o v e r  water  in t he 

labo ratory,  where they could general ly be stimul ated to bu i l d  webs by 

int roducing fru it f l ies (Dro sophi l a  me lanogaster) into the cage for a 

three hour period before a l l owing them to escape. They cou l d  not ,  

however, be forced to bui l d exact ly on cue and int roduct ion o f  a spider 

on to another' s web would general ly damage the web. Starvat ion times 

we re there fore divided into periods : 0-5 days , 10- 15 days and 20-30 

day s, during which t imes the sp iders were not fed. Ten sp iders were 

tested at each of the se per iods and the periods were used to categor ize 

the hunge r leve l  ( l ow, medium or high) of a sp ider. The manufacture of  

an orb was a necessary prerequis ite to a feeding sess ion since the 

sp ider woul d  no t take food without a cue. Sp iders were fed indiv idual ly 

we ighed noctuid moths. These were held  with forceps on the orb , being 

re leased on ly when they had been secured by the sp ider. As soon as the 



sp ider had f inished sucking on the f irst mo th, ano ther was he l d  on the 

web ,  and the rema ins of the f irst. ext racted from the web and we ighed. 

This process was repeated unt i l  the sp ider wou l d  no l onger respond to 

v ibrat ions of a mo th on the web. The end of a feeding sess ion was 

indicated when the sp ider was without a web and had adopted a "prone" 

pos it ion ( l egs and che l icerae stretched out) on the s ide of the cage. 
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Between hab itat comparison of sp ider fat content.  To est imate how 

much food was exp l o i ted by sp iders on the lake re lat ive to those on the 

creek , 20 sp iders were co l l ected from each habi tat and l ip i d  assays were 

comp leted on each. The protoco l used for l ipid  ext ract ion was as fol l ows 

(Bl igh & Dyer 195 9). The abdomens of ind i v i dua l sp iders were homogenized 

in a me thano l (w ith acet ic ac id added to make up 2% o f  the vo lume ) I 
chloroform mixture ( 1 : 1 ). Water was added to this mixture in the rat io 

5.0 : 2.25 (me thano l and chloroform mixture : water). Fol low ing mixing, 

the s o l vents  were centrifuged to give a compact inte rface. A syringe wa s 

then used to t ake out the bottom chloroform layer,  wh ich was put in a 

c l ean test tube and saved. Chl oroform (an amount approximate ly equa l to 

that removed) was then added to the me thanol layer, and the extract ion 

(homogenizat ion, centrifugat ion and remova l of the chl oroform layer into 

the tes t tube) repeated in order to ext ract any rema ining l ip id. This 

proce ss  was repeated twice more, during which t ime approximate l y  30 ml s 

of  chl oroform mixture (with l ip id disso l ved in i t )  was co l lected and 

reserved. The test tube was then pl aced under a gent le  s t ream of 

nitrogen to dry off the chl oroform. Subsequent ly,  the tube with l ip id in 

it  was p l aced in a vacuum dess icator for 15 mins, and we ighed. The l ipid  
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in the tube was then dissol ved in chl oroform and rinsed out of the tube , 

leav ing i t  c lean. After return ing the c lean tube to the vacuum 

dess icator for a farther 15 mins. , it was rewe ighed,  and the d ifference 

between the two tube weights gave the l ip id content we ight of an 

indiv idua l sp ider. 

Energet ic requirements  for survival  and reproduct ion. To f ind the 

minimum number of insect s required to  sustain the spide r. I p l aced 

indi v idual we ighed sp iders in cages (39.3 em x 39.3 6m x 1 1 A em) and 

a l l owed them to bu i l d  webs.  Mo ths (sma l l  noctuids)  were captured , 

anaethset ized and we i ghed. Once it  had recovered, an individual moth was 

he l d  on the web unt i l  the spider had secured it .  Once the spider had 

f ini shed eat ing the moth, the rema ins were taken ou t and weighed so as 

to give an estimate of the amount consumed. Spiders were fed 

cont inuous ly ,  unt i l  they inges ted the web, this marking the end of a 

gi ven feeding ses s i on. They were a l l owed to rebui l d  before be ing gi ven 

any more prey. Thi s  web bu i l ding behavior was used as a gauge to 

ind icate that the sp ider had reached a ce rta in thresho l d  hunger leve l .  

The experiment was performed us ing 1 6  sp iders , each o f  which were 

subjected to this feeding regime for 50 days. Af ter thi s t ime , the 

numbe rs of egg sacs laid were count ed, and the spiders rewe ighed and 

frozen in chl oroform and methano l prior to l ipid  ext ract ion. Est imate s  

o f  l ip id content were used t o  gauge the leve l  of  s tarvat ion I sat iat ion 

of  an ind i vi dua l .  The protoco l used in thi s l ipid  extract ion was the 

same as that out l ined above. In order to est imate the energy expend iture 

incurred during the l aying of  an egg sac, other sp iders that were in 

s imilar cages in the l aboratory were used. A total of  1 6  sp ide rs were 



we ighed both before and after laying an egg sac, and the resul tant 

weight loss  after comp le ting the process  was recorded for each. 

9 3  

Comparison of  prey avai lab i l ity in the � habitats .  Sticky traps 

were used in prey avai labil ity determinations. Traps were made to 

s imu late orb webs as fo l l ows: Nylon thread was woven acros s  the inne r 

port ion of an embroidery hoop (30 em diameter) ,  the threads separated by 

a dis tance of 5 mm, and secured in place by the outer ring of the hoop. 

Threads we re then woven across at 4 em interva l s . Af ter comp let ion,  this 

ent ire structure was d ipped in "St ickem Specia l ," a non-drying s t icky 

subs tance, which had been heated to render it less v i scid. A total  of 1 6  

t rap s were made in this way. S i tes we re then se lected a t  random over the 

creek and the lake (8 in each habitat type).  Trap s we re placed at the 

moda l ang le I he ight of the webs in the two habitat s :  an angle  of 30° to 

the water's surface , with the center of each 30cm above. Traps we re left 

in these posi t ions for a period of 2 1  days ,  insects being picked off the 

t raps da i ly. 

The average prey availab i l ity of the hab itat was determined as 

fol lows. An est imate of the weight of each prey type was found by 

col lect ing, ki l l ing and we ighing 40 of each, and using the average 

we ight in subsequent calculat ions. Cr iticism of the use of art ificial 

webs to det ermine the prey avai lable to orb weaving sp iders come from 

the gene ra l ignorance of the rat e of spider capture fai lure and prey 

reject ion (Casti l l o et al.  1 98 3) ,  These factors were therefore taken 

in to account as fo l l ows : Pre vious work on prey capture in � elongata 

have shown that,  of a l l insects hitt ing the web,  an est imat ed 6 1.3% are 
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actua l ly captured; the re st escape before the spider has t ime to secure 

them. Once captured,  only a certa in percentage of the insect is 

consume d. The estimated pe rcentage of any prey item ac tua l ly consumed 

was found to be 8 1 .6%.  Having accounted for these two effec t s ,  the 

average prey avai labil ity ( in terms of the weight that a spider cou ld  

inge st)  cou ld be found from the total number of insects caugh t in the 

trap s. This  ana lysis doe s ,  however, ignore the poss ibil ity of  

nutrit iona l intake in the form of microscop ic organic matter that sticks 

to the web (Smith and Mommsen 1984).  

Resul t s  II 

Test ing the Va l idity of ! Mode l Designed to Describe Behavior 

Can � e longata vary i t s  intake with prey avai l abi l i ty? The 

abil i ty of spiders to exp lo it sporadic prey abundances was examined 

fi rst by study ing the effect of length of starvation period on the 

durat ion of a gi ven feeding bout. Ana lys is of variance indicated that 

the t ime over which a spider was starved pri or to a test cou l d  be used 

as a predictor of the period over which a sp ider wou ld cont inue to feed:  

The longer a spider was starved, the longer it would  feed when prey 

became ava i l able to it (F•2 16 .76 , p<0 .000 1 ). This  indicate s that � 

e l ongata i s  potent ial ly capab le of exp lo i t ing periodic abundance in prey 

avai lability.  

Between hab itat compari son of spider fat content. Lipid we ight was 

used to compare the energetic condition of sp iders on the l ake re l at i ve 

to those on the creek. The mean lipid  we ight of  creek spiders was found 
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to be 1 7 . 3 8  mg  ( S D• 1 0 . 1 8 , n= 1 6 ) . On the l ake the mean we ight  was  2 5 .9 2  

mg ( SD-13.4 6 ,  n•1 3). This difference was found to be highly s ign ificant 

(F•1 2 . 14 ,  p<0.00 2). Mu l ti p l e  regress ion was used to show that the bes t  

mode l for account ing for the behavior o f  lipid weight was s ite (c reek, 

lake ) once the effect of spider weight had been taken into account. The 

F value for this mode l was highly s ignif icant (F ... 36.2 7 ,  p<O.OOl ) .  

Energet ic requirements for  surv ival and reproduction. The min imum 

number of insects requ ired to sus tain the sp ider was found by regre ss ion 

of the total we ight change of a spider (over a 50 day period and taking 

egg sac product ion int o account ) aga ins t weight of insect s consumed 

during this period. The formula of the regression l ine was found to be : 

Y "' 0 .60X  - 2 6 .48 

where Y is  the total weight change of the sp ider  (with egg sac 

product ion accounted for) in the period (range 0-325 mg, inc luding the 

we ight of the egg sac);  and X is the total weight of insects consumed 

(range 0-580 mg). Thi s l ine of best f it  was highly signi f icant (F=58 .02 , 

p<0.000 1 ). The weight of  insect s that must  be consumed by a spider over 

a 50 day period in order to suffer zero we ight loss during tha t t ime is 

found to be 44. 1 1mg or 8.90mg per day. The same equat ion shows tha t ,  

assuming an egg sac to we igh 45 .00 mg, a sp ider must consume 1 17 .75  mg 

over the pe riod in order to produce a s ingle egg sac. Thi s  can be 

t rans lated as a dai ly intake of 2 .40 mg in order to produce one egg sac 

over the season. 

Comparison of p rey availab i l ity in the two habitats.  Table 8 shows 

the re su l t s  from the analys i s  of prey ava i l ab i l ity leve l s  in the creek 
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TABLE 8.  COMPARISON O F  INSECT AVAILABILITY IN A GIVEN HABITAT RELATIVE 
TO THE REQUIREMENT OF A SPIDER. 

CREEK LAKE 

MEAN WEIGHT OF INSECTS 
CAUGHT ON TRAPS (mg )  

Mean 3 . 48 mg/day 24 . 9 3 mg/day 
Temporal variance 4 . 79 53 . 74 
Spat ial variance 3 . 58 48 . 60 

INSECTS POTENTIALLY 
AVA ILABLE FOR INGESTION BY 1 .74 mg/day 1 2.4 7 mg/ day 
SPIDER (mg ) .  ( Mean & C . L . ) ( +0 . 2 5 )  (+1 .44 ) 

Number of traps -n-8 n-=-8 

NUMBER OF EGG SACS THAT 
COULD BE LAID IF SPIDER WAS 0 7 
EXPLOITING PREY AT THIS LEVEL 

V a l ues o f  insect weight potent ial ly avai l ab le for inges t ion were 
obtained by count ing the number of insects  caught on s t icky trap s  each 
day o ver the field season (Ju ly and Augu s t  1983) .  These va l ues are 
shown , al ong with both tempora l and spatial component s of variabi l i ty. 
In rea l i ty,  a spider wil l on ly capture an ave rage of 6 1 .3% of the 
insects hitt ing the web; the numbe rs of prey caught on the s t icky traps 
were deducted according l y. An est imate of the weight of each prey type 
wa s found by co l lect ing, anaesthe t i z ing and weigh ing 40 of each, and 
us ing the average we ight in subsequent ca lcu l at ions. Once captured,  an 
es t imated 8 1 .6 %  o f  the insect i s  consumed. Deduct ions were made 
accord ing l y  from the total est imated we ight of insects that the sp ide r 
can capture, to give the we ight of prey actua l ly ava i lab le for 
inges tion. Assuming an egg sac weighs 45.00 mg , and requires (from 
regress ion analys i s )  1 1 7.75  mg to produce , the numbe r of egg sacs that 
can be laid are shown. 
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and lake hab itat s. The tota l number of insec ts caught on the t raps over 

a 21 day period we re di vided into three classes , and an est imate of the 

weight and average amount of the insect that the spider could  consume , 

was found for each s ize class.  As shown in the tab l e ,  both temporal and 

spatial components of variabil ity in prey abundance we re ext reme ly high. 

The average insect we ight potent ial ly avai lab le for con sumpt ion by the 

spider ,  caught in the traps on any gi ven day was markedly different on 

the creek versus the lake. On the creek the va lue wa s found to be on ly 

1 .74  mg (S�0.30, na8) ;  on the l ake the va lue was found to be almost an 

order of magn itude higher:  1 2 .47 mg (SD:z:l . 72 ,  n:o:8 ) .  (Note :  becau se 

insect numbe rs were total led over the 21 day perio d ,  this ana lysis  

ignores temp ora l variabi l ity). Comparing these values to  the sp ider' s 

requirement s ,  it can be seen tha t ,  i f  the spider were to exploit  the 

habitat at the average ava i l ab i l ity,  it could not produce a s ingle  egg 

sac on the creek (from the regress ion ana lysis above,  a minimum intake 

of 2 .40 mg i s  required for a s ing le egg sac). On the lake , however ,  

exploi tat ion o f  the hab itat average wou l d  a l l ow the sp ider t o  lay seven 

egg sacs  (f rom the regress ion analysis )  over the season. That is,  the 

analys i s  suggests  that the l ake spiders (mobi le strategy) can expect to 

consume more than enough prey to surv ive and reproduce. The creek 

spiders (s it�and-wait strategy ) , however,  cannot expect to cons ume the 

number minima l ly requ ired for reproduct ion. 

Di scuss ion 

The foraging strategies of the two populat ions in this study 

clearly contrast in frequency of mo vement . Sp ide rs on the creek, where 
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prey are sparse , change foraging s i tes on l y  once e very 1 8  night s ,  on 

average. Spiders on the l ake , where p rey ava i l ab i l i ty and capt ure ra tes 

are much greater,  change forag ing s i tes n i ght ly. Thi s  st udy sugge s t s  

that the d i chotomy i n  forag ing patt erns can b e  exp l a ined i n  terms of 

ris k sens i t i v i t y. Compared to a s i t-and-wait predator operat ing in the 

same env i ronment , a mobi l e  forager ach ie ves a l ower probab i l ity of 

spend ing n night s at s i tes of very l ow p rey av a i l ab i l i t y. Th is benef i t  

requires tha t the mob i l e  forage r acce p t s  a lower p robabi l i ty o f  spend ing 

n nights at s i tes of very high p rey a v a i l abi l i t y. Whe re the a verage p rey 

avai l abi l i ty i s  suffic ient to a l l ow surv i va l  and egg p roduct ion o ver the 

season ,  the mo b i l e s t rat e gy (r i sk averse ) imp l ies the les ser p robab i l i t y  

o f  reprodu c t i v e  fa i l u re. F itne s s  ave raged over l ow and h i gh p os s ib l e  

prey capture rates i s  l e s s  than the f i tness a t  inte rmediate ra tes. Thi s  

i s  a consequence o f  l imi t s  imposed by hand l ing t ime , phys io logica l 

cons t ra i nt s ,  etc. , which mean that the s p i de r  rece i ve s  d imini shing 

re turns as the leve l s  of prey exp l o i tation inc rease up to ext reme ly high 

leve l s . In an env i ronment that exh i b i t s  both tempora l and spat i a l  

variab i l ity, r i s k  averse beha v i o r  can on ly b e  achieved by cont inua l ly 

samp l ing f rom t he hab itat in orde r to exp loit the average thereo f. 

Mob i l e foragers (t he lake sp iders in this stu dy) a dop t such a s t rategy 

by bui l d ing short - l i v ed we bs and changing s i tes frequent ly, perhap s  

us ing a l e v e l  c l o se t o  the av erage p rey avai l ab i l ity as a c r iterion o f  

when t o  l eave a g i v en s i t e. The t r igge r  inv o l ved i s  mos t l ike l y  a 

phys io l ogical hunger thresho l d. 

Where the average prey avai l ab l ity i s  insuffic i ent to a l low the 

p ro duct i on of one egg sac over the season, the s i t -and-wa it s t rategy 
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(risk prone ) imp l ies the lesser probabi l ity of reproduct ive fai lure. In 

this case me an fitness  ( in terms of egg product ion ) averaged over low 

and high possible  prey capture rates is greater than the f itness at 

intermediate prey capture rates. Ini t ial  habitat se lect ion wou ld  a l low 

spiders to exp l o it the peak of spat ial variabil ity in res ource 

abundance. Subsequent ly,  in order to minimize the risk of never 

atta ining suffic ient resources to l ay an egg sac , the individual must 

rema in at this site ,  for extended periods , despite temporal fluctuat ions 

in re source abundance. The decis ion ru l es used for leav ing a s ite in 

such a situat ion are l ike ly  to be more comp lex (see Pyke [ 1984 ] for 

examp les  of  pos s ible  sources of informat ion unde r these ci rcumstances ) : 

the average of the habitat cannot be used as it i s  unknown, and below 

the level  required for reproduct ion. It  may be that the spider on ly  

leaves  a s ite when it i s  actua l ly starv ing (rece iving less  than that 

required to sustain it without we ight los s ,  which requ ire s an average 

intake of 8 .90 mg per day). It shou ld  be emphas i zed, howe ver,  that the 

decis ion making process for any gi ven s i tuat ion i s  quite seperate from 

the u l t imate foraging pattern (Krebs et al .  1983) .  These "ru les of 

thumb" are proximate cues used to atta in the opt ima l foraging behavior 

(McFar land 1977 , McCl eery 1 9 78).  As pointed out by Janetos and Co le 

( 1 981 , but see Houston & MacNamara 198 2 ) ,  these are l ike ly to be simp le 

rules ,  approximat ing to opt ima l ity. Mos t l ike ly they are mediated by 

differences in respons ivene ss to the same e l ic i t ing s t imul i ,  as has been 

found in garter snakes ,  Thamnophis el egans (Drummond and Burghardt 1983) 

and aquat ic  invertebrates (Meadows and Campbe ll  1 9 72). 

Can the dichotomy in foraging patterns be exp la ined in terms of 
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dif ferent l eve l s  of  int raspec i f ic disturbance aris ing from the 

diffe rent ia l in spider dens ity be tween the two hab i tats?  This  is  

un l ike ly:  as I wi l l  show i n  chapter V (tab le  10 ) ,  the dens ity of  

conspeci f ic s  has no s igni f icant effect on the probabi l ity that an 

ind i v i dua l wi l l  move from a gi ven s ite.  Sens i t i v ity to risk appears to 

be the mo st p laus ible exp lanat ion for the different behav ior types 

obse rved , a l though it i s  un l ike l y  that the d i s t inct ion be tween the two 

type s is always as c l ear as that found in this study. Wi thin its  

d i st ribut iona l area,  the hab itats I cho se to  examine impo sed oppos ite  

extreme s in terms of  abiot ic parame ters. Examinat ion of foraging 

s t rategies in intermediate hab i tats  is l ike ly to revea l a cont inuum, the 

presence of which has al ready been note� in d iscuss ions of predators in 

terms of s i t-and-wa it I mobi l e  search foraging (R iechert and Luczak 

1 982) and risk sens i t iv ity (Barnard and Brown 1 985). 

A recent cri t ic i sm of risk sens it i ve mode l s  i s :  Why do we not f ind 

anima l s  st arv ing to death (Krebs and McCleary 1 984) ?  This  arises from 

the fact that near ly a l l  the s tudies on risk sens i t i ve behav ior have 

been performed under condi t ions where the crucial determinant of f itness  

is  surv ival from one day to the next. Houston and MacNamara ( 1982)  

propo sed that the anima l s  adop t a sequential approach t o  risk tak ing: 

anima l s  face a series of choices through a s ingl e  day. If they start off  

risk prone , at  each choice a proport ion of anima l s  wi l l  get enough food 

to ensure that they are r i sk averse at the next dec is ion; so by the end 

of the day,  far fewer than the origina l proport ion of risk prone anima l s  

wil l  s t i l l be in the negat i ve expected energy budget. Spiders , however, 

in d i rect cont ras t to the anima l s  used in these studies , demons trate the 
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astonishing ab i l ity to survi ve for severa l months without food. Like the 

species used in previous s tudies , howe ver, they are under a severe t ime 

cons t ra int to produce an egg sac during the season. 

The abi l i ty of sp iders to withs tand starvat ion is due to a set of 

phys i o logica l adap tat ions to variab le  prey ava i l ab i l i ty and i s  a logica l 

coro l lary to the demonstrat ion of risk sens i t iv i ty. The primary 

phys iologica l adaptat ions inc lude a ve ry l ow me tabo l ic rate (Ande rson 

1970 ,  Carre l and Heathcote 1976 , Peakal l and W i t t  1 976 ,  Greenstone and 

Benne t t  1980,  Tanaka and Ito 1982 )  and an extens i v e l y  de vel oped 

inte s t inal system (Foe l i x  1982) .  In add i t ion to secretory and re sorp t i ve 

ce l l s , the intest ina l ep i the l i um contains adipose t i s sue, a l so known as 

the "fat body" (Coms tock 1 940) .  Thi s  is  made up of 2 ce l l  types:  1 )  

urate ce l l s , which contain glycogen, guanine and urate crysta l s ; and 2 )  

trophocytes , which are packed w i t h  rough endopla smic re t icu lum and are 

the maj or s ite of protein synthes i s  (Riechert & Harp in pres s) .  After a 

f ixed period of food deprivat ion, the rough endop l a smic ret icu lum is 

shut off. Thi s  probab ly occurs co incident a l ly with a marked drop in the 

spider' s me t abo l ic rate ( Ito 1964,  Miyashi ta 1968 , Anderson 1 9 74 ,  

Humphreys 1977 ). Also,  during s tarvat ion, urate cryst a l s  accumulate in 

the urate ce l l s.  A s imi lar phenomenon has been found to occur in some 

insect s ,  but i t s  funct ion is unknown. The net effect of the combined 

act ion of the trophocytes and the urate ce l l s  is to al low a s tarving 

spider to carry on a l l  norma l funct ions. This  abi l ity t o  wi thstand 

starvat ion make s spiders phy s io logical l y  idea l ly adapted to variab le 

environment s ,  where they may expect to experience periods of energy 

shortage. As I have shown in this chapter, the ir  foraging beha vior may 
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also be sens it ive to variabil ity in prey abundance,  a l l owing them to 

explo i t  a resource in such a way as to minimize the probabi l ity of 

reproduct ive fa ilure.  Because they are capab l e  of both maintaining a 

negat ive energy budge t for ext ended pe riods , as we l l  as exp l oit ing 

condit ions of high prey avai labi l ity, they are idea l too l s  for studying 

risk sens it ive behavior. 

Seve ral  studies have demons trated the ab il ity of sp iders to exp loit 

the average prey avai labil ity of the habitat (Morse and Frit z 1982 , 

Ol ive 1982 , Janetos 1982b). But it has also been shown that a sp ider' s 

foraging st rategy itse l f  is re spons ive to prey avai labil ity: Luczak 

( 1 970) found that Tetragnatha montana responds to very high prey 

dens i t ies by a reduc t ion in the t ime spent sitt ing on the web and 

increased overa l l  act ivity, re lat ive to lower prey dens it ies. Thi s  

latter study lends support t o  the conc lusions from the present st udy , 

i.e. , that certain spiders may respond to ri sk, and that the strat egy 

adopted in a gi ven s ituati on depends on their energetic cond it ion. 

Further support comes from a study by Uetz et a l .  ( 1 982 ) in which the 

flexib l e  spacing (so l itary versus colonia l )  of Met epeira spinipes was 

found to fit pred ict ions of risk sens itive foraging in a patchy 

environment. As pred icted (Caraco 198 1b,  1983 ) ,  a risk averse anima l 

reduces the var iance in food ava ilable to it  by aggregat ing in a colony ; 

a ri sk prone anima l ,  fac ing the prospect of physiological de ficiency , 

remains so l i tary. Rypstra ( 1983)  has found s imi lar social group ing 

tendencies under conditions of high prey availab i l i ty in three tang le 

and two orb weav ing spiders. Under cond it ions of  low prey dens ity , the 

colonial orb weaver Hetabus grav idus becomes more sol itary and 
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aggress ive (Buskirk 1975a and b ). A s imi lar re lat ionship between prey 

ava i l abi l i ty and soc ia l grouping tendenc ies was found in Tetragnatha 

e longata and wi l l  be describe d in the next chapter. 

If ,  as this study suggests ,  switches in foraging st rategy can be 

exp l ained in te rms of risk sens i t i ve mode l s ,  it  wou ld  greatly enhance 

our understanding of the effect of st ochastic variabi l i ty on foraging 

beha vior. Di vers ificat ion in any beha vior might be expected to confer 

maxima l fitne ss in every environment that pre sents the anima l with 

uncerta inty with regards the re turns (Rea l 1980b).  
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CHAPTER V 

THE ROLE OF ENERGY BUDGETS IN THE DEVELOPMENT OF AGGREGATIV E BEHAV IOR 
IN TETRAGNATHA ELONGATA 

Introduct ion 

Many, if  not mos t ,  anima ls  spend part or a l l  of  their l i ves in 

groups,  which vary enormous ly in both s ize and comp lexity. The range 

encompas ses everything from many f ish and amphib ian species that occur 

in groups only in temporary spawning aggregations , to some birds , 

mamma l s ,  insects and spiders that l i ve their ent ire l ives in large ,  

highly st ructured soc ieties. 

There a re two primary reasons why anima l s  might aggregate into 

social groups .  First ly,  they may gain direct ly from group l i ving ; and 

secondly they may be "forced" to rema in in groups as a resul t of high 

co sts or ri sks associated with departure (Caraco and Wo l f  197 5 ,  Emlen 

1 9 84). Cons ider ing only the forme r ,  more common, ca se, the two mos t 

frequent ly ci ted benefits derived from gregar ious  l i v ing are increased 

a lertness  and defense against predators and increased capabi l it ies for 

de tecting and harves t ing food resources that are di fficult  to locate 

(Alexander 1974, Hoogl and and Sherman 1976 , Bertram 1978).  In such 

instance s the average fi tness  of  an indiv idua l group member (W) wi l l  

increase as some funct ion of increas ing group size (k) up to some 

opt imum s ize, and decrease thereafter ( Em len 1984). I wi l l  confine th is 

discuss ion to the benefits derived from the re lat ionship between 

foraging and group s ize (Pu l l iam and Caraco 1984). 

Demonstrat ions that the time required to discover a patch of food 
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decreases wi th group s i ze have been carried out with minnows and 

go l df ish (Pi tcher et al.  1 98 2)  and with birds (Krebs e t  a l .  1972) .  

Aggregat i ve behav ior wi l l  impart maximum bene f i t  if :  1 )  patches are 

large re lat ive to indi vidual requ irement s (so that only one or a few 

patche s need be d iscovered);  2) if the indiv idua l seeks to minimize the 

t ime unt i l  i t  acqui res any food at al l (Caraco 198 1b) ;  or 3) if the 

resources are high ly ephemera l (Pu l l iam and M i l l ikan 198 2).  It i s ,  

however, d i f f icu l t  t o  unravel the primary and secondary factors 

respons ible for the evo lut ion of group l i v ing: the estab l i shment of one 

advantage wi l l  s t imu late rap id devel opment of o thers (Morse 1 980). 

Specu la t ion as  to the primary and secondary determinants of group l i v ing 

have become increas ingly fut i l e  ove r  recent years. 

In the l ast  chapte r I emphas ized the importance of incorporat ing 

env i ronmental s tocha s t ic ity in the examinat ion of behaviora l  pat terns , 

part icularl y  those re l ated to foraging. I described how spiders might 

change foraging mode (si t-and-wa i t  to mobile  search, or v i ce versa)  

accord ing, not on ly to the expected benef its  and co s t s  of  their resource 

d i s tribut ion, but a l so to i t s  as sociated variance. S im i l ar mo de l s ,  

de vel oped for sma l l ,  grani vorous birds,  have shown that ,  where variance 

reduct ion increases the probabi l i ty of avert ing starvat ion (risk 

a vers ion )  it wi l l  be advantageous for ind ividua l s  to aggregate (Thompson 

et al .  1974 ,  Caraco 1980,  Caraco 1981b ,  Rea l 198 1 ,  Pu l l iam and M i l l ikan 

198 2 ,  Caraco and Pul l iam 1984). I f  surv ivorship i s  instead proport iona l 

to var iance , so l itary foraging may be prefe rred. The pre sent chapter 

wi l l  di scuss  the use of r i sk sensitive  foraging theory to describe 

aggregat ive and I or cooperat i ve behavior in sp iders. 
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Spiders are genera l ly cons idered so l i tary anima l s ,  exhibiting 

aggre ss i ve behavior towards othe rs including conspec i f ics (Riechert 

1974 , 198 2 ,  Ro vner 1968,  Ha l l ander 1970). Studies conf ined s pecifica l ly 

to orb weavers , however, ha ve frequent ly remarked on the absence of 

intraspeci f ic compe tit ion and I or aggress ion (Burlacu 1972 , Burch 1 9 7 9 ,  

Horton and W i s e  198 3 ,  Lubin 1 9 7 4 ,  O l ive 1982 , Robinson and Lub in 1 9 79a,  

Ryps tra 198 3 ,  Schoener and Tof t  1983 , Ue t z  et  al.  1982 ,  Wise 198 1 ) .  

Species from many sp ider groups exhibit a tendency towards aggregat ion, 

the pat tern of which may range from s imp l e ,  temporary aggregat ions to 

communa l web bu i l d ing, cooperat ive p rey capt ure and indescriminate brood 

care (Shear 1970 , Burgess  1 9 7 8 ,  Buskirk 19 8 1 ,  Burgess and Ue t z  1 9 8 2 ). 

There are a few spec ies from several fami l ies that exh ib i t  highly 

cooperat i ve l i v ing patterns (Krafft 1966,  Shear 1970,  Ku l lman 197 2 ,  

Darchen 1 9 7 3 ,  Lub in 1 9 7� ,  Buskirk 1 9 75a and b ,  Burge s s  1 9 7 6 ,  Barch 1 9 77 , 

Fowl er and Diehl 19 78 ,  Jackson 1 9 78a and b ,  Chri stenson 1 98 4 ). 

In order to unders tand ful ly what benef i t s  can be deri ved from 

communa l l i v ing, i t  i s  necessa ry t o  examine a spec ies that i s  found in 

both co lonial and so l itary state s ,  and compare the cond it ions under 

which these two s tates are found. Within a sing l e  species ,  se vera l 

s tudies have shown that genera l ly terr itoria l spiders may exhibit 

p l as tic ity  in spacing patterns in response to prey avai lab i l i ty 

(Riechert 1 9 78) .  Norma l ly communa l s p iders may a l so exh ib i t  variat ion in 

group ing t endencies in response to prey ava i l abi l i ty (Uet z et a l .  1982) .  

The present s tudy i s  an at temp t to unders tand what condi t ions might 

favor group l i v ing and speculat e  as t o  how this might l ead t o  the 

e volut ion of cooperat ive behavior and subsequent soc i a l i ty 
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(Slobodchikoff  1984). The most  commonly c ited ad vantage s of  group l i v ing 

in sp iders are : increased prey capture e f f iciency , protect ion from 

predators and compet ing heterospec i fic s ,  archi tectural  stab i l ity and 

sharing the cost of parenta l  care (Buskirk 1 98 1 ,  Uet z et a l .  1982 , 

Christenson 1984).  To date,  however, there have been no forma l ana lyses 

o f  the two crucial i s sues in the evo l u t ion of soc ial behav ior: 1 )  i t s  

phyl ogenet ic origins; and 2)  i t s  adapt ive s ignificance (Brockmann 1984). 

In this chap ter I use risk sens it ive forag ing theory to examine the 

extent and nature o f  aggregat ive behavior in � el onga ta, a spec ies 

which exhib i t s  f l exible spac ing pat terns. I test  the va l i dity  of this 

appl ication by manipu l at ing insect dens i t ies and examining the re sponse 

of dif ferent dens i t ies of sp iders to thi s different ial  in prey 

availability.  

Methods 

The st udy was conducted during the summer fie l d  season (June -

Sep tember) of 1 984. Resul t s  from prev iou s  work on the two popu lat ions 

used in the study (see Chapter IV ) s t imul ated further app l icat ion of 

risk sens i t ive foraging theory t o  the system. This a l lowed the 

generation of two predict ions as to how indiv idua l s  might aggregate as a 

r i sk averse response to variance in re source abundance : 1 )  High prey 

dens i t ies l ead t o  a reduct ion in interind i vi dua l spacing. 2) Aggregat ion 

serves some benefit  at high p rey densit ies.  The mos t  l ikely bene fit 

wou l d  be that deri ved from an individua l ' s  use of  prelaid s i lk. S i l k  

removal shou l d ,  therefore , negate these pos s ib le benefits .  Two separate 

manipu lat ions were carried out in order to test these predict ions . 
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Variat ion in Web Bu ilding Frequency with Prey Availabil ity 

The extent to which web bu ilding frequency is  de te rmined by prey 

avai lab i l ity was examined us ing a large cage (2 .5  m x 1 .5 m x 0.6 m) 

divided into 4 sect ions. The partit ion dividing the cage in hal f  

longitudina l ly was l ined with bl ack p l astic to prevent l ight from 

penetrat ing be tween sect ions. In each sect ion, the black p l astic was 

l ined with wh ite cheesecloth. The sides opposite this  partition were 

covered with clear plast ic. The ends of the cage were a l so covered with 

plast ic. The partit ion dividing the cage trans verse ly wa s made of white 

cheesec loth. A black l ight wa s p laced aga ins t one of the chee sec loth 

part itions , so that one ent ire longi tud ina l sect ion was i l l uminated,  the 

other not. The top of the cage was covered with fine plastic nett ing, 

and the ent ire structure was pl aced in an artificia l ,  sha l l ow poo l of  

water l ined with indus trial grade c l ear  plastic. At  nigh t ,  the hal f  of  

the cage without the black l ight was covered with bl ack pl astic  so as  

not to  be  i l luminated by the b lack l ight in any way. The cover was 

l i fted in the i l l uminated sections for 1 5  mins. both before sunrise and 

after sunset  each day. This al lowed larger insects to enter these 

sect ions , be ing attracted to the black l i ght. Mosquitos emerging from 

the water were a l so attracted by the l igh t on the black cheesecloth, on 

which they landed in very large numbers. Fifteen weighe d and marked 

sp iders we re placed in one o f  the il luminated sect ions , 4 in the other. 

Corresponding numbe rs we re p l aced in the ha l f  of the cage that wa s not 

il lumina ted. The pos it ion of individu a l s  and the size of  any orbs was 

recorded at 0500 and 2200 hours da i ly over a 20 day period. An estimate 

of exact ly how many insect s were - be ing captured in the il luminat ed 
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sect ion versus the non-i l luminated section was est imated through 

count ing the presence and type of prey present in the jaws of a l l  

individual s  in each o f  4 t ime periods (00-03 , 03-06 , 06-21  and 2 1-24 

hours ; ten record ings were made in each time period). Resu lt s we re 

averaged over 4 days•  reco rdings and converted to da i ly consumption 

rates by determining the average we ight of the prey items consumed and 

mu l t ip lying by the total interva l s  spent foraging. 

The we ight of prey items consumed was estimated by means of a 

second exper iment in which 20 spiders of approximate ly the same s ize 

were p laced individua l ly in cages .  Once they had bu i l t  webs,  weighed 

moths of approximate ly the same s ize were he ld  on the webs ,  and the 

spide rs were a l lowed to capture them. The time taken for an individua l 

sp ider  to consume a moth was recorded ,  as was the weight of the 

di scarded moth rema ins. The experiment was repeated us ing mo squitos 

inst ead of mo ths. Two rep l icates of the original experiment were carried 

ou t .  

The Effect of S i lk Remova l � Web Bui l ding 

The degree to which web bui l ding frequency is affected by remo val 

of s i l k was te s t ed u s ing 2 c age s ( 1 .2  m x 1 . 2  m x 0.6 m h i gh )  wh i ch we re 

p l aced in an art ificia l ,  shal low pool of water l ined with c lear p last i c. 

The cages consisted of a framewo rk of wooden struts,  the s ides of which 

were l ined with c lear plastic. The top was covered with cheesec loth, and 

the bot tom was open to the surface of the water. Eight we ighed and 

marked spiders were p l aced in each of these cages. In one o f  the cage s 

s i lk was remo ved every 4 days by rubbing a l l  surfaces with a cloth 
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saturated in al coho l .  The other was left as a contro l .  In both cages web 

bui l d ing and indiv idual movement were mon itored at 0500 and 2200 hours 

dai l y  over a 12 day period. After this time the spiders used were 

rewe ighed, and the exper iment was repeated us ing new sp iders.  Five 

repl icates ( 1 2  days each) were carried out. 

Results 

Variation in Web Bu i l d ing Frequency with Prey Ava i l abil ity 

Tab le 9 gives estima tes of the number and wei ght of insects that 

were being captured in the il luminated versus the non i l l uminated 

sect ions. In the i l luminated sect ions an average of 13 .3% of spiders 

were eat ing moths and 20.0% eat ing mosquitos during the pe riod 2 100-2400 

hours In the non-i l l uminated sections there were no moths , bu t 3 1 . 1 %  of 

spiders we re eat ing mosquitos during this t ime. The avai labil ity of  

mosquitos dec l ined during the night , and feeding was confined a lmost  

exclusive ly to moths in  the i l l uminated sect ion during the day l ight 

period. Tab le 9 a l s o shows the we ight of prey consumed by the spiders in 

the di fferent sect ions of the cage through various interva l s  of  the day. 

In the non-il luminated sect ion the ave rage dai ly intake is 10.34 mg , 

which wou l d  al low the spider to l ay approximate ly 6 egg sacs during the 

course of the season (see prev ious chapter). In the i l luminated section 

the average dai ly intake is 38.53 mg, which, if this  rate were 

mainta ined through the season, wou ld  a l low the sp ider to lay 24 egg 

sacs. It is  not known whether this number can ever actua l ly be rea l ized, 

al though other orb weavers have been found to exhibi t rad ica l  increases 
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TABLE 9. INSECT CONSUMPTION IN ILLUM INATED AND NON- ILLUM INATED CAGE 
SECTIONS . 

NON ILLUMINATED ILLUMINATED 

MOSQUITOS MOSQUITOS MOTHS 
PROP � AV . PROP . AV . PROP . AV . 

PERIOD EATING INTAKE EATING INTAKE EATING INTAKE 
(mg )  (mg ) (mg) 

00-03h . 19 3 . 42  . 1 5 2 . 72 . 1 5 4 . 70 

03-06h . 07 1 . 2 1  . 10 1 . 83 . 1 8 5 . 58 

06-2 1h .00 0 . 09 . 00 0 . 05 . 10 15 . 85  

21-24h . 3 1  5 . 63 .20  3 . 62 . 1 3 4 . 18 

AV . DAILY INTAKE AV . DAILY INTAKE 

10 . 34 mg 38 . 53 mg 

Rate of consumpt ion for moths and mo squitos:  
Moths : na20 .Time for consumpfion: Mean•4.38 hr s.(+0.7 1 hrs )  

Weight administere d :  Mean•2745 . 72 mg (+506 :1 5  mg ) 
Weight eaten by spide r :  Mean�2040 . 3 7  mg (+456 . 1 6  mg ) 
It  follows that : Rate of  consumption = 10.45  mg I min. 

Mosquitos :  n•134 Rate of consumpt ion = 6.03 mg I min. 
A t-test was carried out to test the difference in average daily intake 
be tween the sections : t � 33 . 4 5 , p<0 .00 1  (highly s igni f icant ) .  



in the number of egg sacs laid as prey availab i l ity increases 

(Palanichamy 1984 , Palanichamy and Baranikumar 1984). 
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The effect of prey and spider dens ity on web bui lding was examined 

by calcu lating the means and standard dev iat ions of:  percentage of 

spiders bui l ding, web diameter,  percentage not mov ing and distance 

between site locat ions,  for each treatment. Results  from this ana lysis 

are shown in Tab le 10.  In order to test the s ignificance of the 

treatment s on the various aspects of web bui l ding, ana lysis of variance 

was used to generate F values ( SAS). For the spiders in the high 

dens ity, high prey treatment (the section i l l uminated with the black 

l ight )  the frequency of  web bui l ding was found to be signif icantly l ower 

than the other treatments (F•74.07 ;  p<.00 1 ) .  The same t reatment caused a 

s igni ficant reduct ion in web diameter (F .. l23.06; p<.OO l ). Neither the 

percentage of sp iders rema ining at a web s ite on success ive days , nor 

the dis tance moved between web s ites were found to be affected by the 

treatments.  Under condit ions of low sp ider dens ity , howe ver, web 

bui l d ing, distance moved and the tendency to remain at a s ite ,  show no 

significant difference between the two sect ions . 

In order to give a clearer picture of the extent of aggregat ion, 

nearest  ne ighbour distances were recorded for indi viduals  with webs ,  as 

we l l  as those without ,  in the respecti ve sect ions. Cons idering the high 

sp ider dens ity sect ions , the average nearest neighbour dis tances for 

t ho s e  that bu i l t  we b s  was found to be 2 8 . 7 6  em ( SD :  2 2 .84 ) ,  and d i d  no t 

differ s igni ficnatly between the two sect ions (t-test :  t=0.4 7 ;  p>O .OS) .  

In the same sect ions of the cage, spiders without webs in the high prey 

dens ity sect ion, maintained c lose proximity (average 16.28 em apart [ SD :  



113 

TABLE 10 .  COMPARISON OF WEB BU ILDING ACTIV ITY UNDER 4 TREATMENTS:  HIGH 
SPIDER DENSITY ,  HIGH PREY; HIGH SPIDER DENSITY, LOW PREY; LOW SPIDER 

DENSITY, HIGH PREY; AND LOW SP IDER DENSITY, LOW PREY. 

TREATMENT % BUILDING WEB DIAMETER % NOT MOV ING % MOV ING 
(em) >2m 

High spider 33 . 40* 1 3 . 73** 5 1 . 30 0 . 7 1  
High prey (+2 . 90 )  (.:!:0 . 7 1 )  (+3 . 2 1 ) (+0 . 0 7 )  

High sp ider 7 6 . 47 24 . 1 3 55 . 00 0 . 59 
Low prey . <.:!: 1 .  4 7 )  (+0 . 5 5 )  (+4 . 3 3 )  (+0 . 06)  

Low sp ider 65 . 87 29 . 39 68 . 30 0 . 43 
High prey (+2 . 23 )  (+1 . 93 )  (+1 . 08 )  (+0 . 07 ) 

Low sp ider 67 . 57 30 . 9 7 65 . 27 0 . 48 
Low prey (+1 . 46 )  ( +1 . 88 ) (+0 . 54 )  (+0 . 04)  

* F=74 . 0 7 ; p(0 . 00 1  ** F=1 23 .06 ; p<0 . 001  
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1 2 .44 ] ) re lat i ve to the same spiders in the l ow prey dens ity sect ion 

(average 37.73 em apart [ SD :  29 .6 1 ] )  and web bu il ders in either section. 

These differences are highly significant (t-tes t :  t=6 .05 and 5 .06 

respective ly; p<0.001) .  Cons idering the low spider dens ity sect ions , the 

average nearest neighbour distances for those with and without webs was 

found to be 5 3 .28  em ( SD :  4 5 .8 7)  and 5 5 . 6 1 em ( SD :  4 7 . 1 5 )  r e s p ec t i ve l y ,  

and did not differ signif icantly between the two sect ions. Tpe 

separat ion dis tance between spiders not bu ilding webs ,  in both sect ions , 

was ,  again, s ignificant ly higher than that of the same spiders in the 

high dens ity, high prey ava i l ab i l i ty sect ion. 

It appears , therefore, from these resu lts ,  that prey avai labi l ity 

has a marked effec t on web bu ilding ac t iv i ty under condit ions of high 

spider dens ity. Where spider dens ity is  l ow, howeve r, prey availab i l ity 

has lit t le effect on any of the parameters measured. 

Effec t of Si lk  Removal on Web Bui l d ing 

Data on web bu ilding behavior under the two t reatments ( s ilk 

removed and contro l )  were ana lyzed as in the previous experiment. Means 

were generated as shown in Tab le 1 1. It can be seen from this that the 

average web area in cages where the s i lk is removed is over double that 

where s i lk is not remo ved (F•37.0 1 p<.0001) .  Al so,  the percentage of 

webs which were attained by a spider by taking over from another is much 

higher in cages where the s i lk was removed (F•73.03 p<.000 1 ) ,  as is the 

percentage of spiders mo v ing a distance of more than 2m between s ites 

(F•61 .2 6  p<.000 1) .  The two sect ions were not signif icant ly different in 

percentage of spiders bu ilding webs ,  nor the percentage that remain at a 

gi ven web s ite on successive days. 
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TABLE 11 .  COMPARISON OF WEB BUILDING ACTIV ITY IN CAGES FROM WHICH SILK 
IS REMOVED VERSUS CONTROL (S ILK NOT REMOVED). 

CONTROL SILK REMOVED SIGNI FICANCE 
OF DIFFERENCE 

AREA(cm) 444 . 95 992 . 8 5  F=37 . o  1 
(.:!:.33 . 5 1 )  (+32 . 09 )  (p( . OOO l )  

% TAKE 13 . 40 44 . 80 F=73 . 0 3  
OVERS <.:!:: 1 .  8 3 )  (+1 . 88 )  ( p( . 000 1 )  

% HOVING 7 . 96 20 . 84 F=6 1 . 26 
> 2m (+0 . 4 5 )  (+0 . 8 1 )  (p( . 0001 ) 

% BUILDING 7 1 . 62 75 . 4 2  F=-5 . 44 
( +3 . 38 )  (+3 . 4 7 )  (p> . O l ) 

% NOT HOV ING 43 . 7 6  43 . 96 F=0 . 05 
(+5 . 94)  (+5 . 24 )  ( p> . 0 1 )  
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Discuss ion 

Web bu ilding sp iders , as a group, are preadapted to soc ial ity 

purely through the ir pos ses sion of a web (Shear 1970) .  The abil ity of 

indiv idua ls  to make use of p relaid s i lk threads of conspecifi ics has 

l ong been recognized (McCook 1889 , Tilquin 1942 , Enders 1974) ;  they may 

a l so use the s i lk of heterospec ifics  (Crocker and Fe l ton 1 972).  Such 

behavior could  provide the communicat ion necessary for tolerance and 

cooperat ion (Krafft 1 982). Luczak ( 1971 )  has sugges ted that the tendency 

of spiders to congregate into groups is  based on the exi stence of web s ,  

and the resul tant soc ia l characters are independent of the stage of 

evo lut ionary devel opment of the web form. Orb web spiders ,  a l though orbs 

themse l ves requi re stereotyped individual behavior,  cou l d  st i l l  derive 

benefits  from sharing col ony drag and support l ine s. Buskirk ( 198 1)  

c ites economy of  s i lk expenditure as the prima ry advantage these spiders 

derive from be ing in a group ,  al though predator defense and prey capture 

have also  been sugges ted as adapt ive funct ions for e lementary 

co lonia l ity (Schoener and Toft 1 983). These advantages can only prevai l 

after mutua l tole rance of conspec ifics  has been estab l ished: the 

po tent ial ly .lethal  aggress ive response of a spider to conspeci fics is a 

primary deterrent to the devel opment of sociality (Brach 1 9 7 7 ,  Riechert 

1 98 1 ). Buskirk (198 1 )  considers that ,  if a food source is available in 

excess ,  int raspecific tolerance and cooperat ion may evo l ve. But , as she 

points out herse lf ,  interpretat ion of previous studies have been 

hampered by the lump ing together of al l individua l s  of the same species 

and ignoring eco logical differences between popul ations of one species. 
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The present study was based on the proposit ion that variabil ity of  

group ing tendenc ies wi thin a spec ies is a response to variab le leve l s  of  

prey a vai lab i l ity (Uetz et  al .  1982 ). By manipulating predator and prey 

dens it ies , I have found that high prey dens ities al low a signif icant 

reduct ion in web bui lding act ivity and a much highe r inter-ind ividua l 

tolerance by sp iders without spec ific orb webs.  This reduct ion was ,  

howe ver, only observed when spiders themse lves were at high dens ities.  

This can only be exp lained if :  1)  sat iated spiders suffer a decrease in 

aggress ive behavior; and 2 )  individua l s  benefit from aggregat ing 

together at high prey dens ities .  This benefit may be derived from the 

use of comuna l ly laid si lk for capturing insects.  Where spider dens ity 

is low, s ilk sharing is  unl ike ly to arise,  as spiders wi l l  not come into 

contact with the s i lk of another individua l :  nearest  ne ighbour dis tances 

are very much greater for both those with webs and those wi thout. 

Simi l arly,  if prey is avai lab le at a l ower leve l ,  spiders build  webs 

more frequently,  and the orb webs are larger. Because the orbs 

themsel ves are defended areas ,  the aggressiveness  of individua l s  towards 

conspec if ics is never reduced suff ic ient ly to al low mutual tolerance.  

That the presence of s i lk itse l f  does indeed affect the foraging 

process  in � elongata i s  gi ven farther support in the second 

experiment ,  where spiders spin larger webs and are signif icant ly more 

aggress ive where s i lk is removed. One cou l d  imp ly from this that 

indiv idua l s  are responding to the reduced energy budget under these 

condit ions as a consequence of the increased expenditure in terms of 

s i lk product ion. But then the quest ion would rema in: when sp iders do not 

share s i lk,  and there is a different ial in the energy budge t in terms of 
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prey availabi l ity (the 2 sect ions with spiders at low dens ity ) , why do 

spiders not sp in larger orbs at the lower prey ava ilabi l i ty? An 

a lternative explanat ion to the increased s ize of orbs when s i lk i s  

remo ved is  that s i lk serves a s  a mechanism for compensating for the 

reduction in prey detectab i l i ty. Thi s imp l ies that s i lk, though it  need 

not be energet ical ly expens ive,  is essentia l for de termining the 

avai labi l i ty and locat ion of prey, as we l l  as captur ing it .  The second 

exp lanati�n is a l s o more l ike ly when one cons iders the very low cost  

invo l ved in  the manufacture of  an orb web that is  ingested prior to 

rebui l ding (Peaka l l  1 9 7 1 , Prestwich 1 9 77) . 

As Pu l l iam and M i l l ikan ( 1982 ) point out : whene ver the amount eaten 

is independent of the size of an aggregat ion ( i.e. , food is not l imiting 

and intraspec i f ic to lerance prevai l s ) , even a margina l  increase in the 

eff iciency of locat ing and I or capturing prey wil l  benefit  members of 

the fo rag ing group. Aggregative behavior may then deve lop where the 

organism suf fers an increased probabi l ity of avert ing starvation through 

variance reduct ion (Caraco et al .  1980c ). Risk sens itiv ity and 

subsequent aggregat ion at high resource availabil ity has been 

demonstrated in a number of studies on passerine birds (Baker et a l .  

1 98 1 , Caraco 1979b,  198 1a  and b,  1982 ,  Caraco and Pul l iam 1980 , Caraco 

et al . 1 980b and c, Krebs et a l .  1 9 7 2 ,  Powe l l  1974 , Pu l l iam and Mi l l ikan 

1982 ,  Thompson et  al .  1974 ,  Wo l f  et a l. 1 9 75) . These birds are almost  

all  sma l l  and energetica l ly stressed; s tudies conducted on them were 

genera l ly du ring periods of re lative food shortage. Time and energy 

expend itures are therefore l ike ly to be the prima ry currency of economy 

(Pu l l iam and M i l l ikan 1982) : if  the birds suffer starvat ion, their 
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Darwinian fitness  w i l l  be reduced to zero. This  makes them ideal too l s  

for re lat ing short term behavior to l ifet ime f itness  (McNamara and 

Houston 1982 ) ;  the immediate re sponse of an individua l to resource 

variabi l ity is direct ly re lated to its  f itness. 

S imi lar cons traints (the abi l ity to produce an egg sac over the 

season ) have been shown to cause � e longata to re spond to variance in 

prey avai labil ity in a way that can be predicted in terms of risk 

responses (see Chapter IV).  Aggregat ing and subsequent sharing of s i lk 

could reduce the variance in prey capture rate to  an indi vidual by 

al lowing the spider to monitor a much larger area for prey availabil ity. 

Where spiders are sol itary, the local ized area over which an indiv idua l 

can detect and capture prey necess itates a higher va riance in prey 

capture rates ,  though the mean capture rate may be the same. This  type 

of risk sensit ive response to resource variance may be an al ternat ive 

route to social i ty avoiding the need for el aborate hypotheses as to why 

aggregati ve behavior may have origina l ly evol ved. 
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CHAPTER VI 

CONCLUSION 

This  study documents behavioral  interact ions between sp ide r 

predators and the ir prey. There is a marked pauc ity of data document ing 

such interact ions , al though those data that are avai lable  suggest tha t  

the tactics invo l ved may b e  very complex (Morse 1980) . A large 

proportion of studies on foraging behavior are concerned with the many 

ways that  mean fitnes s  maximi zat ion (i.e. , a s ing le value: the average 

of the habitat ) can be incorporated into b iological model s  and in what 

ways appl icat ion of this princip le leads to new ins ights into the 

evolut ionary proce s s. The present study points to the inadequacy of this 

approach. S imp le  mean maximizat ion will  not account for the diverse 

behav ioral reperto ires frequent ly found in a s ingle spec ies,  

particu larly when behaviors are b imoda l (Rea l 1980b ) as was found here 

between populat ions of Tetragnatha elongata. 

Cons iderat ion of the ro le played by divers ificat ion in foraging 

behavior lends new ins ight to the role of spiders as pos s ible  agents  of  

pest control .  Those cri teria which make it beneficial for  an  organism to 

divers ify in t ime and space wi l l  a l so be those criteria that stabi l i ze 

populat ions (Real  1980b ). Changes in prey density caused the spiders in 

this study to change their foraging strategy. Consequent ly, the behavior 

of these predators may impart stab i l ity to the popul at ion as a who le. 

It has frequent ly been argued that the tendency of spiders to 

ma intain a certain inter-indi vidua l dis tance wi l l  l imi t their  use in 

agroecosystems that are actua l ly undergoing uns table cyc l ing of a pes t :  
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they may on ly serve to ma intain exist ing stabil ity. Studies on orb 

weavers , however,  invariably refute the concept of a fixed inter­

individua l tole rance l imit under variable  leve l s  of prey avai labil ity. 

As shown in this study , sp iders may tend towards colonial ity at very 

high prey numbe rs. The potent ial of � elongata, and perhaps o rb weavers 

in genera l ,  appears,  therefore , to have been unde rest imated in the ir 

cons iderat ion as pe•t cont ro l agent s. 

Initial contro l of pests  in a gi ven ecosys tem is only effect ive if 

the predator is sma l l ,  is special i zed in its choice of prey and has a 

high biotic potent ia l.  In this regard , insect paras ites do ha ve one 

great advantage over orb web spiders :  their resource serves as their  

habitat and they are therefore genera l ly both habitat and prey 

special is t s. Spiders,  on the other hand, tend to be general ist  feeders 

(but see Riechert and Lockley ( 1984) for a review of some notable 

exceptions ). Habitat s pecificity may also,  howe ver, a l l ow spiders to 

specia l i ze on a given prey type. Integrated pest management where in 

natural vegetat ion is mixed with cul t ivated areas may serve to maintain 

stab i l ity in an agroecosystem but only once the numbers of a given pes t  

species have been contro l led. What if  a pest is  present i n  epidemic 

numbers?  Spiders may onl y serve as effective contro l agent s if they have 

a special ized habitat which, if coincident with that of the pes t ,  may 

necess itate a degree of specia l izat ion on that pest .  Such a s ituat ion 

does occur with � e longata, which wi l l  build  a web in exact ly those 

s ituat ions where mosquitoes pupate and emerge; i.e. , almost anywhere 

over wate r that provides adequate s tructural  support;  and, if prey i s  

avai lable  in exces s ,  they may reach ext reme ly high dens ities in these 
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area s. Tet ragnathids , the refore , offer potent ial as  agents in both the 

initial control and subsequent maintenance of s tabi l ity in s ituat ions 

where mo squitoes are pest i l ent (see Dabrowska Prot and Luczak 1968a for 

suggest ions of the potent ial of T. montana a s  an agent for use in pest 

control ) .  
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