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The wasp paras ito id Pse1tdopompi!us humbn!dti (F·hmenop tera : Porn pi]irhe) in the Negev 
dese rt of stores its paralyze cl hos t, th e spid er Steg odyrlnts lilll'o tll< (r\ranrae ; Eres itbe) , at th e 
entrance of th e spid er' < nest. Th e spide r mm·ed b\· th e \':asp from th e depth of the nes t re' th e 
entrance in spite of increased expos ure to Yisuallr -searchi ng preda to rs , suc h ;,s bird<:. \"X 'e o:amin ed th e 
hypothesis that thi s beha \·iour evoh·ed to prennt th e '"" asp's host from O\·erh eat in g in th is hot 
dese rt. Experiinent<1l manipulati ons of the position of the parasitiz.ed sp iders demo nstrated th at 
spiders <1. nd wasp brne cou ld no t survi\·e th e he;t t expe ri enced deep in th e spider's nes t during 
summer. By contras t, in the coo ler nest entra nce, spid ers and lar vae su n·i\·ed, if th ey \Hre ove rl ooked 
by predators. Th is host-sto rin g beh <t\·iour is an adapti \·e trad e-off benvecn thermnrcgubtory req uire -
ments and predation risk. This appear' to be th e fi rs t e\·id ence that a p1rasito id rnanipu!av:s the 
temperature of its host , albeit for its o"·n ultim ate 
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In trou uction 

:Most emphasis in studies of insect parasitoids and their ho'>ts has been placed 
on searching and ovipositing behaviour of the parasitoid and its effect<; on th e 
population dynamics, distribution and dispersion of their (e.g. H OLLlNG 
1959; HASSELL 1978; H uBBARD & CooK 1978; V 1\N ALPHEN & GAu IS 1983 ; 
WAAGE & GRE ATHEAD 1986). H ere we examine the hypothesis that , in the Negev 
desert of Israel, a parasitoid wasp Pseurlopompi111s !J1fmbo ldti manipu lates the 
position of the paralyzed sp ider StegodypiJlfs lineati(S that hosts its progeny in 
order to preven t the host and its larva from overheating. In doing so, the wasp 
ensures that its host remrl.ins ali\·e so that it can be co nsumed by the wasp larva. 
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Natural history of the interaction: In the Negev desert, Stegodyphus lineatus 
(Araneae; Eresidae) build tubular nests near the tops of dwarf shrubs (LEVY 1985). 
The nest is usually oriented with the entrance facing downwards . The capture 
web radiates from the mouth of the nest in a two-dimensional array of non-
sticky, radial elerpents and sticky ( cribellar) silk connecting threads (Fig. 1 ). The 
web has the appearance of an "untidy" orbweb and is designed to trap flying 
insects. The nest is made of very dense and "woolly" silk, with remains of prey 
(arthropod exoskeletons), snail shells and plant debris embedded in its walls. 

The female parasitoid wasp Pseudopompilus humboldti (Hymenoptera; 
Pompilidae) flies on to the web near the attachment to the nest and vibrates its 
wings . This movement may imitate the vibrations caused by a captured fly ing 
insect and stimulates the spider to rush down from the top of its tubular nest 
towards the nest entrance. The parasitoid responds to the spider's movement by 
moving into the nest to meet the spider about halfway up the tube. The wasp then 
stings the spider to paralyze it. Thereafter, the w asp lays a single egg on the outer 
surface of the spider's opisthosoma (abdomen). The wasp then pushes the 
paralyzed spider to the nest entrance. The wasp abandons the nest after having 
placed the spider in the entrance tunnel. The egg hatches and develops through 
the larval and pupal stages in about two weeks. 

We hypothesized that the above-mentioned manipulation of the spider's 
position by the wasp occurred in order to keep the spider from overheating in this 
hot desert. This happens in spite of the increased vulnerability to visual predators, 
such as birds, that this behaviour causes (W ARD & L UBIN 1993 ). Based on 
previous measurements of S. lineatus nests (H ENSCHEL et al. 1992), we predicted 
that a parasitized spider would get too hot in the thick nest during the heat of the 
day . For the wasp larva to develop, the spider would need to be moved to the 
cooler nest entrance where it would be shaded from direct solar radiation and 
could cool convectively in the wind. 

Materials and Methods 

Study site: The s tudy site was located o n Haluqim Ridge in the central N egev dese rt hi ghl ands, 
Israel, near the se ttl em ent of Midreshet Sede Boqer (30 52'N, 34 57'E, 475 m above sea level). Th e 
terrain consists of stony hills id es, with sparse dwarf shrubs (mostly Artemisia herba-alba, Hammada 
scoparia and Zygophyllum dumosum; EVENARI et al. 198 2). The rainfall in this region is ve ry low 
(8 5 mm per annum), falling in the winter months of Nov. through Jan. The Negev desert hi ghlands 
are considered "arid", having 250 to 300 biologically dry days per annum and a precipitation : evap-
oration ratio o f less than 0.2 (UNESCO 1977). 

Average daily air temperature for the hottes t Gul.) and coldest a an .) months is 25 .5 oc and 
9.8 °C, resp ectively. The m ean daily maximum temperature during the study period ranged from 
19.8 °C (Mar.) to 33 .2 oc Gul. ). The mean daily minimum temperature during this period ranges fro m 
7. 1 oc (Mar. ) to 19.6 oc Gul. ). The annual average relative humidity at 14.00 his 39 % (ZANGVTL & 
DRUIAN 1983). 

Population monitoring: The incidence of parasi tism of spiders by wasps was observed in a 
natural population in two study sites (8. 5 and 4 ha in size) that were about 5 km apart. We monito red 
105 and 54 spiders during the summers of 1989 and 1990, including their causes of death . Parasitism 
was recognizable from the spider's fixed position in the nest entrance and the presence of a wasp egg, 
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larva, o r pupal cocoon on or next to a paralyzed o r consum ed spider. Predation by birds left nes t 
entrances torn as ev idence of such events. 

Experimental manipulation: In o rder to determine w hether the spider is pushed to the entrance 
of r.he nes t to keep it and the larva cool, we performed the following manipulatio n in June 1990: 

1. Treatment : We placed 6 parasitized spiders (with wasp larva) deep into their nes ts. 
2. Control: We moved 6 parasi ti zed spiders (wi th wasp larva) around in the entrance of their 

nests and returned them to the p osi ti ons where the parasitoids o ri ginally placed them . This 
manipulation ensured that any difference between the experimental and con tro l animals was no t 
simply du e to the effects of d isturbance rather than changed positio n in th e nest. At weekly intervals 
for o ne month , we re -examined all experim ental and contro l animals to reco rd their deve lop ment. 

Temperature and win d measurements: Simultaneous to the experiment mentioned above, 
temperatures in the nests and ambient temperature (T ,) were meas ured using gauge 28 copper-
constantan thermocouples. These thermocouples were calibrated against a mercury thermometer 
(approved by the United States Natio nal Bureau of Standards) w ith an error of ±0. 1 oc. O ne fine, 
gauge 34 thermocouple , con nected to a Camp bell model CR21 X da talogger, was threaded thro ugh a 
fin e sy rin ge needle into the abdomen of a live parasitoid larva that was attached to the opisthosoma of 
a paralyzed spide r. In add itio n, we measured air temperature in the nest at positions midway into and 
at the terminal end of the nest . Air temperature was measured w ith a thermocouple that had a small 
(3 mm d iameter) gloss w hite (refl ec ti ve) tip . This is the most accurate means of measuring air 
temperature in field studies (CHRISTIAN & T RACY 1985). This thermoco uple was suspended from a 
wood en stick at the same height as the nes t and 1 m fro m the nes t entrance in an open area. 

In o rder tO co rroborate o ur findings in the experimental nes t that contained the wasp larva, we 
also measured the temperatures of aluminium model spid ers of the sam e colour, size and shape as real 
spiders in six S. lineatus nests (H ENSCHEL et al. 1992). These temperatures represent operative 
temperature (T ,) of a spider in va rious pan s of the nes t (BAKKEN 1976). The positions of the spider 
models and th ermocouples in these o th er nests were th e same as o ur measurements in the nest of a live, 
parasitized spider. 

T empera tu res were reco rd ed every 5 sand averaged every 15 min. T hese ave raged valu es were 
used because the tim e constant of the thermoco u p les is sho rter than that of a spider and therefore each 
tempe ratu re measurement co nstitutes pseudo-rep licatio n. The averaged values were then used to 
co mpare tempera tu res o f the paras ito id at the nest m trance w ith tem peratures in the midd le and deep 
in the tub ular nest. Measurements we re pe rfo rmed over two days and two nights. 

Th e w ind-s peed p rofile near the nests was measured w ith Camp bell model 031 01-5 R.M. 
Yo un g Wind Sentry anem o meters. T he w ind -speed se nsor co nsists of three hem isp herical plastic cups 
(40 m m d iamete r) w ith a thresho ld sensitivity o f 0.2 m/s stall speed. W ind-s peed senso rs we re located 
100, 50 and 25 cm above th e subs tratum o n a s in gle pole about 2 m From the nes t-s hrub in an open 
area free of vege tation . Anemo meters were cal ibrated in a w ind tu nnel us in g a Pi rot tube and Airflow 
D evelopm ents Ltd. T ype 5 manometer an d EDM 2500M micromanomcter. T he d imensio ns of the 
w in d tunn el are 700 mm diam eter and height ; tota l length 10.7 m ; two-dimensional 7 : 1 contraction 
cone and ax ial flow fan (PYE & T SO AR 1990). 

In orde r tO de termin e whethe r sp iders move in to their nest ent r:tnces d uring the heat of the day 
under natural conditions, we recorded the positio n of 31 unparasitized sp ielers in the fie ld. Spider 
pos iti on was recorded as eith er in the nes t (not visible) or in the nest entrance. These records we re 
ta ken every 2 h thro ugh an entire Jay. A ir temperature was reco rded sim ultaneo us to these 
o bservations in the mann er outlined above. 

Results 

Behavioural observations: During 1990, 25.6 % of the spiders in natural 
populations (n = 54) were parasitized. Another 18.5 % of the spiders were 
captured by birds in the nes t entrances. No paras itized spiders were naturally 
found positioned deep inside the nest. 

The entire behavio ural sequence of the interaction between wasp and spider 
was o bserved on two occasions. On numerous other occasions, wasps were 
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observed alighting on the web but the complete sequence was terminated, 
probably as a result of accidental human disturbance. These observations were 
made during cool mornings, at a time when the adult female wasp could not test 
the maximum thermal gradient in the nest by direct experience. 

Spiders appeared to respond to the vibrations of the wasp on the web. We 
tested this by vibrating the web with a musical tuning fork ( 440 H z) in 255 tes ts . 
We were able to induce the same response as to a wasp, i.e. the spider rushed 
down the tubular nest from the top towards the entrance once the web was 
vibrated, in 73 % of the tests . 

Experimental manipvdation : One week after the manipulation, all 6 experi-
mental spiders that were placed inside the nests were dead . The spiders were 
shrivelled up , a symptom of desiccation in these soft-bodied arthropods. 4 of 6 
control spiders (at nest entrances) survived to pupation; the remaining 2 fell prey 
to birds and ants. 

Temperatvtre and wind measurements: The temperature of the wasp larva 
was lower than the thermocouples in the middle and deep end of the nest during 
vi rtually all daylight hours (Fig. 2) . At the highes t air temperatures recorded 
(12.00-!5.00 h), the larva was almost 15 °C cooler than rhe thermocouple deep 
in the nes t. During this period , 81 % of the unparasirized spiders observed in rhe 
field (n = 31) were in their nest entrances. Whereas 60 % of the individuals were 
deep in the nest at 6.00 h , only 19 % were in this position at 11.00 and 14.00 h; 

"· 

Fig. 1: Nest and capture web of Stegodyphus lineatus 
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Fig . 2: Temperature profile in a nest of Stegodyph tts /ineaws: tempe rature of wasp larva in nest 
entrance, ambient tem peratu re, temperature in th e middle of the nest, and ins id e the top of the nest 

the remaining 81 <yo had moved to the entrance w here they are more vulnerable to 
predation (WARD & LUBI N !992). Simultaneous temp erature measurements in one 
nest indicated chat :u 6.00 h temperatures deep in the nest and at the nest entrance 
were 17.0 °C, w hile ::t t l l .OOh these temperatures were 39.2 °C :1nd 35.9 °C, 
respectively . 

In the 6 nests containmg spider models, T" o f the models in the nest 
en trances never exceeded -+ l °C, the maxima bei ng 6.0 ± 0.8 oc (range = 
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3.3-8.9 oq lower than Tc of models deep 111 the nests (range= 
43.9-49.5 °C). 

A slight wind, ::dthou gh variable in its intensity, blows throughout the day 
and night in the Negev desert in summer (Fig. 3). X ±SE for the wind velocity at 
25 cm above the subs tratum (the height of the nest) was 1.10 ± 0.08 m/s 
(range = 1.84-0.27 m/s ) during the study period . Such wind is sufficient to 
facilitate convective coo lin g of a small animal, such this spider (Ci\MPBELL 
1977). This accounts fo r the lower temperature in the wind-exposed entrance 
compared tO the wind-sheltered inside of the nest. 

Discussion 

Obse rvations of wasps positioning paraly zed spiders in relation to expected 
tolerable temperatures are cons istent w ith o ur hypothesis . An alternative 
hypothesis to explain the wasp behaviour is that wasps push the sp iders to the 
nest entrances in o rder tO indicate which spid ers have been parasitized to save 
themselves search time o n la ter excursions. \Y/e cons ider this improbable because: 

I. This behaviour wo uld also save time for competin g parasitoids, increasing 
intraspecific co mpetitio n fo r hosts. 

2. Spiders in nest entrances are exposed to vis ually-sea rching predators such 
as great grev shrikes Lmius ex.wbitor and Arabi:m bab blers Turdoides squMniceps 
(K0N IGSW ,\LD et al. 1990; pers. l)bs .). Thus, the wasp increases the likelihood of 
detection by these predarors. K0 i'<IGSWALD et al. (1990) examined the searchin g 
and pre:' - cap ture behaviour of great grey shrikes preying o n the desert widow 
spi der Lltrodecttts revivensis in che same habitat as the current study. The widow 
spider has :1 co nical nest, covered w ith p rev renuins and plant deb ri s, simibr tO 

that uf S. !ineatus. The shrikes d id no t capture any spiders tha t they could not 
detect visual! v . 

We it probable, cheretore, that the parasitoid be haviour has :1 

the rm o regubcory function fo r paras iti zed S. /ineatus. This hvpothesis is sup-
purred by the data p resented here because: 

1. Paralyzed spiders and their parasito ids died when we moved them deep 
inco the nests; o nly those larvae that ':vere o n spiJers at the nest 
entrances cven tuallv reached ad ulthood. 

2. Premature death of paralyzed spiders in the nest was p robab ly caused by 
overheating because: a) temperatures deep in the nest we re IS oc higher dun at its 
entrance in the of the dav; b) non-paraly zed sp id ers moved into the nest 
entranc es during bot pe riods. It is likely that this behaviour occurs in order to 
fac ilitate co nvec tive cool in g (H ENSC HEL et al. 1992). 

The spider-manipulation behaviour of P. humboldti is unusual because man y 
o ther sp ecies of parasitoid wasps go to great lengths to hide their hosts to 
multiple o r hyper-parasitism (e.g. EvANS 1953; W AAGE & GREATHEAD 1986; 
H ENSCHEL 1990). Indeed, members of the Pompilidae usually take the paras itized 
spider and store it in a cell made of mud (EvANS 1953 ). A few pompilid species 
have been recorded storing sp iders in plant material, but this appears to be only a 

-, 
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temporary measure while a mud cell is being dug (PECKHAM & PECKHAM 1898 ; 
KROMBEIN 1953 ). \YI e presume that, because free water is not available in this 
desert in summer, making a mud cell is not an option available to these wasps. 

Other species of Stegodyphus also appear to experience frequent wasp 
parasitism. EL-HENNAWY (1986) recorded 19.3 % parasitism of Stegodyphtts 
dufouri by P. humboldti in Egypt. MEIKLE-GRISWOLD (1986) observed high rates 
of parasitism of S. mimosamm and S. dumicola in South Africa. Parasitoids of 
o ther spider species may also place their immobile hosts into thermaliy-favour-
able environments . An incidental o bs ervation .by I--I ENSCHEL (unpubl. ) of a wasp-
parasitized S. dumicola positioned at the nest entrance on the periphery of the 
Namib desert, Namibia, sugges ts that this behaviour might be more w idespread 
in deserts than is currently realized. 

It is evident that the behaviour o f the parasitoid described here has evo lved 
through natural selection to prevent the host fro m overheatin g. This behaviour 
m ay be considered proximate thermoregulation and a fo rm of parental care by the 
wasp. 
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