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SOME ADAPTAT l:O NS OF NYR~lE LEO'JTID (NEUROPTERA) AND 

RHAGIONID (DIPTERA) LARVAE TO LIFE IN HOT DRY SAND 

1 . INTRODUCTION 

Larvae of the families Myrmeleontidae, Neuroptera, 

(ant-lions) and Rhagionidae, Diptera, (worm-lions) all 

live in hot dry sand . Many of the ant-lion larvae and 

all the worm-lion larvae, construct small conical pits 

in the sand which are used for the capture of prey (Haub, 

1942; Youthed and Horan, 1969a). Those ant -lion larvae 

which do not construct pits lie in wait for their prey 

just below the surface of the sand. 

Observations of ant-lion species, commonly occurring 

around Grahamstown, sho\ved that the larvae were often 

found in regions where the sand temperatures exceeded 

These temperatures are conSiderably high e r than 

the upper lethal temperature limits recorded for the 

majority of insects (Burs e ll, 1964; Clouds ley-Thompson, 

1964b) which raises questions ab out the adaptai~i ons of 

ant-lion and worm-lion larvae enablillg them to survive 

in such inhospitable habitats . 

In thj.s s tlldy t Ile tcn~craturc and water' relations of 

four species of ant-lions a nd one species of wornl-lion 

have becn invcst:·j Gah~d. Tile specj.cs studied ,~er c: 

(a) three pit. building ant-lion specjcs na1ll81y; ~lyrJ1lelecn 

ll1~ d . i..-t:i is n,"1nks, ~lVl ' lrll..'J (~o n ob:-'CUl'U.s RaHIb., .::lnd Cllcta 
----.----- .~---- _. ----
:1 allc.c~oJ :.1("1 1.'3 ( b) a p i.t; b u ildin n; ,voPlll-lion, 
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Lampron~ia intermcdia Stuckenberg, and (c) a non-pit-

building ant-lio!>, 2:i.ngenes longicornis Ramb. Five 

different species were chosen for this study because 

their habi1~ats range from warm sand in shady caves to 

exposed rocky habitats where the sand becomes extremely 

hot. Also, ant-lions and worm- lions are morphologically 

very different and come from widely . divergent orders of 

insects. This pos es ~uestions about their convergence 

with respect to adaptations to life in dry sand. The 

adaptations of pit building ant-lions compared w:i.th those 

of non-pit-building ant-lions, are also of interest. 

Preliminary studies were made On overall distributions 

of these species in South Africa in order to establish 

any correlation between distribution and gross climatic 

factors. Also, the conditions in the microhabitat of 

the larvae of each species were investigated, bearing in 

mind that these animals live in small isolated deserts. 

Exposure of the habitats to sunlight, and the temperature 

conuit,ions pr'evailing in the pits and in the sand were 

the lnain aspects studied . Using t:oes e elata, 1~he temperature 

relations o f the larvae were investigated. This included 

their tolerance to high temperatures and their behavioural 

responses to ]i.ght, shade and temperature. The present. 

investigation has been confilled to an appraisal of the 

responses of h'ho l("~ org ani.3Il1 :'":i and no attempt has lJccn ma '~(' 

to investiga t e a ny or t!lC phellomella at the cellul .:u ' lev t.... l . 
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2. MATERIAL AND ~jETHODS 

All the myrmeleontid and rhagionid larvae used in the 

presen t investigation were collected in the Grahams town 

district, except for the larvae of ~.longicornis which 

were collected along the coastal sand dunes from Port 

Alf r ed to Jeffrey's Bay. In the l~boratory the larvae 

were mainta ined at 1. 8 ":!: 3°e under normal daylight 

conditions and ea ch larva was fed one ant, Plag iole pis 

custodiens Santschi, p e r day. 

The experiments which were performed i n this 

investigation wer e very v a ried and this has necessitated 

a description of many of the methods used at intervals 

t h rough the text. Some general methods are, however, 

des cribed b e low. 

( i ) Measurement of sand and pit temperatur es 

A major part of this investigation i nvolve d the 

recording o f sand temperatures. II. the field, s and 

tempe ra tures were stu died using a set of six thermistors 

connected too a mul-tichannel graphic recorder . The 

thermisto r:; were placed in the following positions: 

1 cm. aboye the sand surface, on the snt' face of the s and, 

and 1 cm., 3 cm., 5 cm.and 7 em. below the surface. 

Tl1(!rlcistol'S \~crc also used to nlensure SDild tetllpl~rat llrps 

in t,he laboratory Hnd w(~rc plnce d a t t:.he f o llo\Ving dep t,))::; : 

Oem. , 0, S C Ill., 1,5 cm., 2, 5 C!ll ~ J ~ ,5 ('Ill. , ~,S Cill. J 

5,5 CIll., 6, Scm. ilnd 7,5 em . 

could on1) .. be. llS C:. c\ r11H"Ln~ ·Lhl~ perioci (, a.m. t,o 8 p.m. 
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when the temperature o f the "ii~'nd was relatively high. 

At llight the temperature of the sand fell below the 

recording range of the thermistors and then mercury 

thermometers had to be used. The thermometers , because 

of their larger size, gave less accurate readings but 

this error was not considered to be importa nt since at 

night all the sand was at about the same temperature . 

The temperatures prevailing in the pits of ant -

lion and worm-lion larvae, both in the field and in the 

laboratory, were a l so recorded with thermis tors . These 

temperature readings were taken on the surface of the 

sand half ,yay u p the sides of the pit in the north, sout;h, 

east and west quadrants . The temperatures of the pit 

base, that of the gen eral sand surface, and of the air 

1 cm. above the sand surface werc also re c orded. 

(ii) The measupemcnt of internal temperatures 

Thermocouples werc used to determine the internal 

tempera ·turcs of t,he larvae in t·his investigation. The 

method used "as based on that of Edney (196 9) . The 

thermocouples wcre made from 47 S.W.G. (0,051 ~n.) 

silver s oldcred copper and "Contra" wipe and were connected 

to a .alvanometc l'. The circuit also included a sw~tch 

so tha t~ six i...hermocollplcs could be used at the Silllh! time. 

Sensi t ivit.y Has cont\'(J 1] ', d by a 10K pate n tiome tel' . This 

a.ppal 'atns had v2.r'.i..o u·.:.; sho r-!':' comillgs. Fil'st;ly, it WitS 

Ij!l(·al ·.ly \'.~it.h L<"lllpc[·ai .ur"e, t,h" ahsolut:e value varied 
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slightly from experiment t o experiment. This was 

probably due to a sli.;ht thermocouple effect in regions 

where other circuit wires were soldered together, such as 

the junction bet,een the copper wires and the switch . 

The effect of this factor was minimised as far as possible 

by enclosing the switch and potentiometer in an insulated 

box. It was also overcome by using one of the six 

thermocouples as a "calibration" junction in each experiment. 

This calibration junction was taped to the bulb of a 

standard thermometer and placed in a water bath, thus 

providing a calibration curve for each experiment. 

The second major shortcoming was the difference 

between the various thermocouples . The different 

o juncti.ons sometimes varied by as much as 0,3 C. This 

variat,ion was probably due mainly to the amount of silver 

solder used in the making of each junction, The effect 

o f individual thermocouple variation was minimised by 

ensuring that, in each replica-t~e of an experiment, the 

temperature of any particular species of larva was 

measured on all availab le thermocouples. In this way 

it; waS hoped to "st,anc.ardise" any errors so that valid 

comparisons could ~e nla~c between the various species . 

This method did not always work satisfactorily since the 

thermocouplcs we re cxtl'cmely fragile and had to be 

replaced fai!'ly frequently . 

The final problem inherent in the circuit \,'as that 

of conduct,ion 0 C heat., [room exLcr'nell sOllrces such as tlw 

h'nt.(.~r' bath, i.llong the Hi.f'CS of the t,herJilOCOltples. Edney 
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order of 5% (about O,loC). Digby (1955), however, 

states that the transfer of heat along the wires o f 

very thin thermocouples is negligible. In the present 

investigation conduction of heat along the wires was 

eliminated as far as possible by coat i ng each wire with 

several layers of clear varnish. The total er r or 

o 
inherent in the circuit was about 0,3 c . 

The main problem encountered with the use of these 

thermocouples was that o f inserting them into the insects. 

The conventional position for the insertion of thermocouples 

is t.he thor-ax (Gunn, 1942) but in ant - lion and worm-

lion larvae this was not possibler These larvae have a 

relatively soft cuticle and bleed profusely ~lhen cut . 

It was therefore necessary to insert the thermocouples 

into a part of the body which could be conveniently 

ligatured. The posterior end of the abdomen was found 

to be the most convenient site in these animals . Due 

to the difficulty of ligatur-ing, only large final instal' 

larvae were used in these experiments. Ligatures of 

human hair were found to be -the most suitable and the 

thermocouples could then be inserted through the dorsal 

surface of t h e abdomen . Each thermocouple was gently 

pushed through 1.;-:le centre of t.ilc ligatur-e so that it 

came to lie in the layer of fat just above the gut . 

Th e incision h"aS then scaled \vith wax, \\'hich not only 

preveniAecl bl.ood loss, but a1,,0 helped to hold the 

thcr-Illocouple III posit.ion. Tn ini-tia1 experiments the 

ligatuf'c h'as l'(,lIl~vecl but, ,Sill 1.~('. it-, \Va~3 fonnd to have no 



effect on the temperatures recorded, it was left intact; 

in later experiments. 

After each experiment the larvae were dissected to 

ensure that the thermocouples were in the correct position 

and that t,he gut had not been punctured since Digby 

(1955) has shown that the internal temperature of an 

insect may vary by as much as 2,9°C depending on the 

position of the thermocouple. It should be noted that 

insertion of thermocouples in this way did not appear 

to cause serious harm to the insects since it was found 

that they could survive for at least a week with the 

thermocouples in position, although they were unable to 

burrow or to construct pits because all ant-lions use the 

posterior end of the abdomen to dig their way into the 

sand. 

(iii) Light experiments and the es tablishment of 

tempera t.ure !';radients in sand 

In experiments designed to t·est the responses of 

the larvae to light, incandescent lights of the following 

int,cnsities were used: 200 lux (25W), 600 lux (601'1) and 

1200 lux (10 0\<1 ). In addition a tungsten-halogen lamp 

of ab'J\!t 14000 lux (500\\ ) ,,'as used to provide high 

illumination. The illumination of the sand in tIle 

\V hCIl t1w lOOh' and 50011' lights were used 

it was necu5sary to usc a l'H~-a1., fil -Le r ill orde f' to preven t 
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fil ter used in conj unction wi t.h the 100W light bulb 

consisted of a glass tray filled with water to a depth 

of 2 cm. which was supported 60 cm. above the surface 

of the sand. This type of filter was not adequate for 

use with the 50011' tungsten-halogen lamp, which produced 

much heat, and the problem was overcome by reflecting 

the light off a mirror onto the exp,:,rimental trays, 

using the mirror as a heat sink. The angle of incidence 

of -t;he above lights varied and is dealt with in the 

relevant sections of the text. In all cases the 

direction from which the light ,vas shining was regarded 

as north. 

The establishment of temperature gradients in the 

laboratory I,'as achieved by the use of infra-red lights 

(250\\'). This infra-red light was assumed to be "invisible" 

to the ant-lion and worm-lion larvae since Youthed and 

Moran (1969b) have shown that red light does not affect 

the activity or pit construction of H.obscurus. 

In experiments designed to test the responses of 

larvae to pit temperatures t he infra-red lights were 

placed at angles of incidence of 900
, 60

0 
and 40°. The 

height of till: lamps above thc experimental sand was also 

varied from 60 cm. to 40 cm. In this way the larvae 

were not. only subjecteci to different. su;~face sand 

tempcratul'es, depe nding on the distance af the l igh-t;s 

above the conthinCl's, but \~ Cl' C also Stilijcctcrl to variolls 

t-cJllperahtr'C g radicnt..', Iyj thin the pits, -depending on the 

aoglc o f illcidence of t ,hc i n f l'a-r'cd light~s. 

liC'-ht;" ",ere 101;""CU i.'eom (,0 eJll. to 40 em. the gencral 
" 
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sand surface temperature increased from about 33°e to 

about 53°e and as the angle of incidence was altered 

from 900 to 400 the temperature gradients within the 

pits increased. As in the experiments using visible 

light, the direction from \,hich the light was shining 

was regarded as north. 

The establishment of vertical tempe rature gradients 

in sand was achieved by suspending infra-red lights above 

cylindrical plastic dishes (depth 10 cm., · diameter 10,5 

cm. ). The ten~erature conditions in the laboratory sand 

were manipulated to simulate the sand temperature 

conditions found in the field. The dishes were placed 

in a constant environment room which maintained a 

o t,emperatuI'e of 16 e from 8 p,m, to 6 a,m, After 6 a , m, 

o the tempe rature rose to 25 e and remained so until 5 p,m , 

when it once again fell to 16°e, The infra-red lights, 

and flourescent lights of about 1500 lux, were switched 

on from 9 a,m. to 5 p.m. each day. By varying the 

height at which the infl'a-red lights were suspended above 

the experimental dishes, the surface sand temperature 

The lights 

were placed at 10 dif ferent heights so that each time 

they "ere lowered by one level the temperature of the 

o 
SlIPface sand rose by about 3 e. Prel inli llar y observations 

distance cael ... t ·im(! . Ivhe n t .l,e J .Lghts h'e1' e high above thc 

salld " s illall cha ng e in height had little 01' no ef[ect 

Oil the tClIlpcl' rd ,1I1'C of the sr'.nd, ,;lI01'C".,< "hCll the lights 

' '' l~J '(~ clu:-;(': t .. o the: sand a small altel'at.ion in height 
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made a large difference to the sand temperature. 

Furthermore, the heat pl'oduced by individual infra-

red lights di f fered. The height at which each lamp 

was suspende d had therefore to be determined empirically 

prior to each experiment. 

The responses of ant-lion and worm-lion larvae to 

these vertical temperature gradients were determined by 

placing each individual in a cylindrical plastic container 

with a diameter of 10,5 cm . which was filled with sea 

sand to a d e pth of 10 cm. These containe rs had slots 

at one centimeter intervals into which thin metal plates 

could be pushed, thus dividing the colunm of sand 

verticalJ.y. The depth of each larva could thus be 

In the case of large ant-lion larvae 

intervals of two centimeters were used to avoid slicing 

the larvae in half with the metal plates. 
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3. DISTRInUTION AND HABITAT CHARACTERISTICS 

Numerous species of ant-lions and worm-lions occur 

in South Africa and many patches of fine dry sand are 

inhabited by the larvae of one or more species. Fig. 1 

s ho",s the general distribution of the five species 

included in this study. This info~mation was obtained 

from museum collect ions and supplemented by records of 

larvae collected in the field. It is probable that 

Fig. 1 does not include the full range o f these species 

because they have seldom been extensively collected. 

Nevertheless some general comments may be made about 

their distribution . 

(i) The worm-lion,!:.. in termedia, has only bee n 

recorded from a very limited area in the south 

(ii) 

(iii) 

eastern coastal region . There are no records 

of this species from the ",arm, dry interior of 

the country. Large numbers of larvae of t,his 

species have been observed in isolated groups 

throughout its range . 

The ant-lion, t!.medialis, also appears to be 

very limited in its distribution and has only 

been r ecorded from the southern and south easte r n 

coastal r egion. TI,e larvae or this spe cies are 

,'eldol1l found in large numbers. 

The ant-.lion, ~. Ob :5 CU!~U5 , has a wider area of 

distl'ibntion and has been recordecl in the south 

west,crn, .soLtt~h cl'll an<l easi:'Cl'n coastal r egions (1 .. ; 

well as in tho north Cj.L'- ; 1.~crn and nOl"th ·wc:~ Lcrl1 
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parts of the country. The larvae of this species 

occur in large numbers throughout its range. 

(iv) The ant -lion, ~.longicornis, is an almost 

exclusively coastal species, although in the 

northern part of its range it may extend a short., 

distance up river valleys, where suitable sand 

is available. Large numbers of larvae have been 

recorded throughout its range. 

(v) The ant-lion, ~.lanceolatus, is an exclusively 

inland species which has never been found less 

than about 64 kilometers from the coast. Small 

numbers of larvae occur il;1 isolated groups . 

Since the distribution of the various species is so 

limited it may be suspected that their distribution is 

correlated with broad climatic factors such as temperature 

and/or rainfall. The dist ribution of the various 

species with respect to temperature, rainfall and the 

annual duration of sunshine has therefore been considered. 

In a study of the influence of temperature on 

distribution several different factors might be important. 

Firstly, the distribution mig ht be correlated with the 

mean annual temperature . Secondly, the maximum 

temperat ures might be a limiting fact('r and thirdly, 

the minimum temperatures mig ht bc th e most important 

limi ting fac"bor. The distribution o f the various species 

with respect to thcse three: facto!'s is shown in figs . 

3 ;:lnd 4. 

Fig. 2 sho\vs t~hat L. int~crmedia tind ~1. medial.i:·.; \IIC1~ C - -
onl y found in r"c gion~i wi tIt a meall annual tempC'.l'a ttl.i'e 0 [ 
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The temperature range 

in which t!.obscurus, e,.longicornis and f..lanceolatus 

were found was slightly greater and included areas with 

mean annual temperatures of 70°F (20,90 C) 01' above. 

When maximum summer temperatures are considered, however, 

a slightly different picture is obtained. From Fig. 3 

it can be seen that, while the almost exclusively coastal 

species e,.longicornis is never found above 100°F (37,4°C), 

~.intermedi a, t!.medialis and C.lanceolatus are found in 

° regions with maximum summe r temperatures of up to 105 F 

The highest summer temperatures were found 

in the h abitat of M.obscurus where maximum temperatures 

of up to 110°F (42,90 C) have been recorde d. 

A consideration of the minimum winter temperatures 

shown in Fig. 4 indicates that, as might be expect;ed, 

the coastal species e,.long icornis was not found in very 

cold regions , the minimum temperatures b e ing about 

Species which occurred f urther 

inland experienced lower temperatures ranging from 

30-3S 0 F (1,1-1, 6°c) fo r L .intermedia, 20-2So F (-6,6 to 

-3,9°C) for H.medialis a nd £l.obscurus, to less than 

20°F (_6,6°C) in parts of the range of C.lance elatus. 

To summa r ise the dist!'ibution of the various s l~ecies 

with l'espect to overall t e mperature regimes, it can be 

said that e,.loll,% ic:2£.nis i nhabits the a!'ea \vith Uw 

ll ctl' ]'O\,'cst, most modcrH i.:e , temperaturu range ( 35-100o F ) 

an d til is would be eXIlccted as it is a coasta l species . 

L. in t:.er'llIcdia and ?-1. IlH:~cl .i ali.s are found in areas which - -
expe rience (.,lig htly h i t,:;llcr temperatures dUl'ing S llllllllcr ol~ 



-14-

1 05°F (40,20 C) and slightly lower temperatures during 

winter of 20-30oF (-6, 6 to _l,loC). The highest summer 

temperatures were recorded in the areas inhabited by 

!:!.obscurus Hhere the temperature rose to 110° F (42 , 90 C), 

and the lowest winter temperatures wer e recor·ded in the 

habitat of C.lanceolatus where the temperature fell to 

l ess than 20°F (_6,6°c). 

The influence of rainfall on the distribution of 

the various species was also considered and included both 

the mean annua l rainfall and the rainfall frequency . 

Ra infall frequency was considered t o be important since 

all the s pecies under consideration rely on the presence 

o f soft dry sand for prey capture and regions in which 

r ain was very frequent might not provide suitable habitats 

for these insects. 

The distribution of the various s pecies with respect 

to the mean annual rainfall is shown in Fig. 5 and fro m 

this it can be seen t·hat all species were found in areas 

with an average rainfall o f 15-25 ins. (3 81- 635 nun .) 

per annum. £!.medialis, !:!.obscurus, §..longicornis and 

C.lancGolatus were also found in wetter areas with an 

average rainfall of over 25 ins ( 635 mm .) but only 

~.lanccolatlls and !:!.obscurus wcre found in very dry 

regions wiLh an average rainfall of less tl1an 10 ins. 

(254 lllill . ) . It .;auld thus appeal' that in South ,\ frica 

r'ainfall is not a limiting factor in the distribution 

of ant - lioil .-:; <1.!l.d \.; urm-llon-s, although l CH\' ra i nfall may 

limit.. the (li s tribuLion of some :5pccics. Sys temati.c 

col l ect i on of -t!le val'ious speci8s t lu'ow,ilout; the count",), 
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would have to be undertaken in order to establish fully 

the effect of rainfall on distribution. 

The distribution of the insects with respect to 

rainfall frequency is shown in Fig. 6. Apart from the 

fact that only £.lanceolatus and ~.obscurus were found 

in areas with l ess than 40 days of rain per annum, there 

did not appear to be any correlation between rainfall 

frequency and distribution. 

A similar result was obtained when considering the 

distribution of the various species with respect t ·o the 

annual duration of sunshine, as shown in Fig. 7. Only 

C .lanceolatus and ~1. obscurus were found in areas which - -
were sunny for 80% of the time. 

To Aummarise the overall distribution of the four 

myrmeleon1;i d and one rhagionid species in the Republic 

of South Africa it may b e said that low temperature is 

probably not an important limiting factor since all species, 

except ti,e exclusively coast,a l species §..longicornis and 

the Norm-lion 1.. in..lcermedia, "rere found in regions wher e 

the air temperature fell to below OoC in winter. High 

temperatures might limit the distribution of ~.intermedia, 

~.medi8Jjs, §..lon~icor Ilis and £.lanceolatus since these 

species have only been recorded fr o m regions with a 

o maximum air tempOl' nture of less than 40,2 C. Low rainfall 

might; also limit cli ,,; tribut·ion since only C .lanceolat.us 
, -

and H.ob.-...; cul'I S \\:erc fo und in regions '.vith (111 annual 

l'ainfoll o f l .ess tha!l 254 IJlnl. No otJler obvious correlation 

between dist,ribll."Lion and l H '0.:1d climaLic fac1..,ors '\'las 

evidcllt and it i :.; pr'obablc t ·h.:1t these f .... tetor's do not giyc 
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an accurate indication of the conditions to which the 

sand dwelling larvae are exposed. Since the l arvae 

live far longer (1 - 2 years) than the adults (1-2 weeks) 

it is likely that distribution is determined more by 

the conditions within the larval microhabitats than by 

overall climatic factors . It is therefore necessary 

to consider in more detail the microhabitats of the 

larvae. 

Preliminary observations indicated that the larvae 

of the pit building worm-lion, ~.intermedia , inhabited 

the coolest microhabitat. These larvae were only 

found in very sheltered areas such as in caves, garages 

and the shelter of very dense bush or hedges . A 

typical habitat in the shelter of a dense hedge is 

illustrated in Fig. 8 . The pits of this species were 

found to be relative ly small (about 2 cm. in diame ter) 

and close together , as shown in Fig . 9. The larvae 

occurred in groups containing about 20-50 individuals . 

These colonies were widely scattered. 

The larvae of the pit building ant-lions M. me dialis 

and M.obscurus occurred sympatrically and the pits of 

both species were often fo und side by side. Both 

species appeared to pr efe r a moderately sheltered habitat 

and were frequently found in gardens and in the she lter 

of hedges. ,\ typical habitat of the larvae of ,r. me di i1lis 

is shown ill Fig. 10, "hile Fig. 11 shows a more detailed 

pict,ure of the pits which, ill t his species, were 

generally large ( about 7 C Ill. in d:Lametcl') an n at l east, 

5 Clll. apart,. A typical lwbi ta t of M. obs cur'U,S larvae 
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is illustrated in Fig . 12 and the pits are illustrated 

in Fig. 13. The pits of this species were generally 

smaller in size (about 3 cm. in diameter) than those 

of M.medialis and were separated from one another by 

a distance of at least 4 cm. 

The larvae of the non-pit-building ant-lion, S. 

longicornis were found to be confined entirely to the 

coastal sand dunes. The larvae were only found on 

the sunny northern slopes of the dunes, closely associated 

with the sparse dune vegetation in which the Port 

J ackson Willow, Acacia saligna, predominated. The 

larvae were always found in close proximity to this 

vegetation although never actually in its shade, or 

in the region of sand beneath the bush which contained 

large quantities of l eaves and other organic matter. 

A typical habitat of the larvae of this species is 

shown in Fig. 14, while Fig. 15 ShO"1S a larva about to 

burrow into the sand. 

The larvae of ·the pit building ant-lion f..lanceola ·~ lls 

occupied a very distinct microhabitat. They were only 

found in very expos e d rocky areas. Hany lat'vae were 

found in the middle of disused gravel roads and in 

old stone quarries. The pit themselves were constructed 

in areas ,,-h ich were almost completely de void o f 

v egetation. A typica l. habitat in a disused quarry is 

shown in Fig-. 16. A more detailed view o f the pits 

in Fig. 17 shoh'S the r-ocky nature of the gr'onnd in "hich 

thc pits were found. I t is in Lel-estj ng to note that 

the larvR" of this species possess hard sclerotised 
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plates on the posterior end of the abdomen to facilitate 

pit construction in hard stony soil. The pits 

themselves were generally small (about 2 cm. in diameter) 

and very shallow. These observations on the habits and 

habitats of the five species under consideration are 

summarised in Table 1. 

These microhabitats were then studied in more detail 

with special reference to;(a) exposure of the habitats 

to sunlight, (b) general sand temperatures, (c) pit 

temperatures, and (d) depth of sand. The responses of 

the larvae to these parameters were also studied. 

3,1 EXPOSURE TO SUNLIGHT 

The most obvious difference between the microhabitats 

of the various species of ant-lion and worm-lion larvae 

was the length of time for which they were exposed to 

direct sunlight. This was investigated in the field 

by direct observation during the period 20th October to 

18th November, 1969. Two different types o f observation 

were made. Firstly, in the habitat of the non-pit­

building ant -lion larvae, ~.lnngicornis, the average 

time for which 10 dif f erent sand dune slopes "'ere exposed 

to the sun was calculated. Thesc observations included 

only those slopes of thc dunes known to be i n habit·ed 

by larva e , and did not t;akc i nto account t,hc odd s hado",,,, 

casi.-:. b-y v egetati on) s ince lapvae l,\'crc seldom f ounc1 in 

S 1..lCJ.1 p<:1 tches of ::;hadc. Secondly) III the haiJit,{lCs of 

pit building ant-lions and h'o PIE-lions the C X POSll.PC of 
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individual pits to sunlight was timed. 

60 pits of each species was examined. 

A total of 

Continuous 

observations were taken and in this way the effect of 

passing shadows was taken into consideration. Some 

difficulty was experienced in habitats which were exposed 

to the rising or set-ting sun, since in these cases it 

was very difficult to determine exactly when the weak 

rays of the s un reached or left the habitat. In these 

instances the times of sunrise and sunset were determined 

from The Astronomical Epheme ris for 1969 (1967). This 

led to a slight overestimate of exposure times since the 

rays of the rising and setting sun were horizontal and 

often did not reach the pits due to irregularities in 

the ground. From these observations the mean exposure 

time for each group of 60 pits was calculated and the 

results are shown in Fig. 1 8 . 

Fig. 18 shows that there was considerable variation 

in the leng-(;h of exposure to sunlight in the differen-(; 

habitats. The pits of !,..intermedia were exposed to an 

average of one hour of direct sunlight a day, while 

C.lanceolatus habitats were exposed to more than 10 hours 

of direct sunlight. The habitats of tl.medialis, H. 

obscur us and ~.lon"icornis fell between these t\Vo extremes. 

Statistical analysis r e vealed that the habitat of S. 

l ong;icornis \Vas exposed to significant ly more sunlight 

than the habitat of ~.cbSel\rllS ('t'= 3,9, p<O,OOl) 

and that the habitat; of ~\. obscurus "'ilS exposed teo 

signifieillitly mOI'e direct sllnIight than the habit.at of 

The latte!' result L~ 
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surprising in view of the fact that the pits of M. 

obscurus and M.medialis are often found very close 

together. One would therefore expect these two species 

to be exposed to similar conditions. Fruther investigation 

revealed, however, that some parts of the microhabitat 

were shaded by overhanging vegetation for considerable 

periods of time. These shaded areas were inhabited 

mainly by the larvae of ~.medialis. They were found 

particularly in areas which were shaded during the 

hottest period of the day. This is illustrated in 

Fig. 19 where the positions of ~.medialis and t!.obscurus 

pits at 12 noon, in one particular habj,tat, are indicated 

together with the pattern of shade cast by the surrounding 

vegetation. Thus it is clear that, although these two 

species of larvae may construct pits within a few 

centimeters of each other, the larvae of H.me dialis 

occupy a distinctly shadier microhabitat than the larvae 

of H.obscurus. 

3,2 GENERAL SAND TE~rpERATURES 

It has been sho'm that the habitats of dift'erent 

specics of myrmeleontid alld rhagionid larvac were cxposed 

to direct sunlight for varying l e ngths of time (Fig . 1 8 ) 

and it would be expected that the temperature of the 

surfacc sand "ould differ greatly in the different 

habitil __ ts. The sand tClilperatUl'c \Vould also val'y ,,,i 'Lh 

depth bclow the "au'face and duch tc:mpcl'ittul'e g l'ad icnts 
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are well known (Buxton, 1923; Clouds ley-Thompson , 1962a 

and b, 1964a; Haub, 1942). The temperature of the 

surface sand and the temperature gradients below the 

surface in ant-lion and worm-lion habitats were studied 

in the field as described in ~1aterial and Methods. 

Continuous recordings were taken for a week in each of 

the habitats during summer (October to January, 1969) 

and the mean temperatures calculated. Recordings 

taken during the winter months (June to July, 1969) 

showed that at this time only very slight temperature 

gradients were present in the sand and these data have 

therefore not been dealt with in any detail. 

It was found, from the recordings taken during 

summer that the daily temperature changes in all the 

habitats followed a similar pattern, and it is necessary 

to understand these general changes before a more 

detailed comparison can be made between the various 

habitats . Fig. 20 shows the temperature changes of 

the air, surface sand and sand at a depth of 7 cm . in 

the habitat of ~l.medialis as an example. The results 

for the remaining depths have been ommit"ced for the 

sake of clarity and will be dealt with in the more 

detailed discussion . It should be stressed that, 

while this figure is representative of the type of 

tempel·" tUl'e changes which took place daily in all ant·­

lion and \~ornl-lion llabituts, it is not representative 

of the il bs 0 !trtc va 1 ue~; or Uw cxa c t tilllcs at \dli cll thc 

Cl1illlges occurrctt. 

Shor·tly afLel' (, a.lll. each day thc air and the 
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surface sand began to warm up (Fig. 20). The temperature 

of the air initially rose more rapidly than that of 

the surface sand, until approximate l y 8 a.m. at which 

time the surface sand began to increase in temperature 

more rapidly than the air above it. This point 

corresponded to the time at which the sun reached the 

habitat. During this time the temperature of t~e 

deeper layers of sand increased steadily although more 

gradually. When the sun l eft the habitat, at about 

noon, all temperatures started to drop. The temperature 

of the de eper layers of sand, however, fell more gradually 

than that of the upper layers, with the result that by 

about 4 p.m. the sand at 7 em . was warmer than the 

surface sand. Apart from minor fluctuat ions in the 

temperature of the surface sand due to air movemen1:;s, 

this sit.uation was maintained throughout the night. 

Similar relationships between temperature, time and 

depth were recorded in all the other habitats inves tigated. 

The di ffe r ences betweeu the habitat of M.medialis 

and those of I:..inte rme dia, ~.obscurus, §..~icornis 

and £.lanceolatus may be illustrated by comparing the 

surface sand temperatures (Fig. 21). I t can be seen 

from this figure that the temperature in the habitat 

of L . inte rme clia rose very l ittle during the day. 

Maximum tempcra'curcs here recorded between about; 9 a. m. 

and 2 p.m. and t hese teo~cratures were considcra1l1y 

10l"e 1' Lhan t .hose recol'ded in the habi,tat of H. med ia lis. 

In the habitat ,of ~.ob~2.':.:~' on t he other hanel, i..he 

i..co'peratul' cs reached \Vere hi gher t .han ,those re corde d i n 
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the habitat of ~1. medialis and remained high for a 

longer period of time. This difference between the 

habitats of these two species which apparently live in 

the same habitat was due to the fact that the pits of 

~ . obscurus were exposed to direct sunlight for a longer 

period of time than the pits of M.medialis . Even 

higher temperatures were recorded in the habitat of 

£ . lon~icornis and here the maximum temperatures did 

not occur until 1-2 p.m. finally, in the habitat of 

f..lan ceolatus very high temperatures were recorded and 

the sand surface was above 400 C from 9 a . m. until 3 p.m. 

and above 4S oC from 10 a . m. to 2 p . m. 

In this investigation the fluctuations in temperature 

during the day (6 a.m. to 6 p.m.), and the resulting 

temperature gradients in the sand, were of particular 

interest since it is during this period that near lethal 

sand temperatures might be encountered by the larvae . 

In order to compare the different habitats directly all 

results were expressed as hour degrees centigrade (above 

ambient) per day. Ambient temp e rature was, for convenience, 

defined as the temperature at any particular depth at 

6 a.m. At 6 a.m. the sand temperatul'e at all depths 

was very low and was simila r to the temperatures recol'ded 

thl'oughout the night. This ten~el'ature also remained 

nearly constant on successive days . Convers ion of all 

tempera tures to houl"' degrees ccntig l~':Hle above ambient 

(F ig. 22.) expresses the amount 0 f tCllIf>cra ture change in 

the various habita10s !' Clther thCln absoJ ntoe valllos. 

Fig . 22 151 .0\\' ''' that in the habitat of L. intel'l\I",dia 
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the temperature of the air (1 cm. above the surface) 

and the temperature of the sand itse lf varied from 

ambient very little during the day. The temperature 

change was relatively constant at all depths and no 

steep temperature gradients were present in the sand. 

This very stable condition was correlated with the low 

exposure to direct sunlight (one hour/day) in this 

habitat (Fig. 23). 

In the habitat of M.medialis the air and upper 

layers of sand showed a marked increase in temperature 

of about 80 houroC/day due to the heating effect of 

direct sun light. With increasing, depth there was a 

decrease in temperature rise, till at a depth of 7 cm. 

the temperature rise was only about 37 houroC/day. 

The lower layers of sand were therefore far more stable 

with respect t,o temperature than the upper layers. 

Steep temperature gradients were present during the 

day from the upper to lower sand layers. 

Similar temperature gradients were present in the 

habitats of ~.obscurus, ~.lon~icornis and £.lanceolatus, 

except that in these habitats the surface layer of 

sand was at a lower temperature than either the air or 

the sand at a depth of 1 cm, This temperature difference 

between the air and surface sand was probably caused 

by cvo.porative cooling; from ·L~1e .sllrface of the sand. 

Grea -ter cooling thus t,ook placc in those habitats which 

,~cre exposed to wi.ncl. Thc amount of cooling of the 

surf'acc sand layc!' varied h'om day to day in the ,liffcrcnt 

hal)j'\;ats and t -hc tCllljlCl'atlll'l'" prevailing at a depth of 
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1 cm. were therefore used for all further habitat 

comparisons . The temperature changes (;10Ur
o
e) at a 

depth of 1 cm. in the various habitats were analysed 

statistically by means of "Students' t" test. This 

analysis revealed that all the habitats differed 

significantly from one another. 

wasin all cases less than 0,001. 

The probability 'p' 

During the winter months (June-July) the temperature 

of the sand in all the habitats was similar and only 

very slight temperature gradients were present. These 

results are expressed in Tables 2a and b, where the mean 

temperature of the air and the sand at various depths, 

over a period of seven days, is given. Since the 

lowest sand temperatures occur at nig ht, the mean sand 

temperatures for both day and night are given. The 

night-ti~e temperatures from 6 p.m. to 6 a.m. are 

presented in Table 2a, and these results show that the 

sand in all h abitats was above SoC. Youthed and Horan 

( 1969a) have shown that the larvae of H.obscurus will 

build pits at a temperature of loDe and will continue 

to survive at considerably lower temperatures. Green 

( 1955) has also shown that the larvae of Hyrmeleon 

immaculatus are active at 20 e. Low t e mperatures are 

therefore not considered to be an important limiting 

factor in the lives of ant-lion and worm-lion larvae. 

In all t,he habitats the lowe r layers o f sand \-''-'I'e slightly 

Wi.lI'n1(~r than the upper layers during the night but this 

The tcmpcl'atnrcs i n t.:-1C 

vaJ' :i (ms habHoat,s differ'eel slight,ly , the habitat of 
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!:..intermedia, for example, being about 4°C cooler than 

the habitat of ~.longicornis. It seemed unlikely, 

however, that such small temperature differences would 

affect the distribution of the various species . 

The mean day-time winter temperatures from 7 a . m. 

to 5 p.m. are given in Table 2b. From these results 

it can be seen that only very slight temperature gradients 

were present in the sand. The largest gradients were 

recorded in the very exposed habitat of C.lanceolatus 

where there was a difference of just over SoC between 

the surface sand and sand at a depth of 7 em. The 

o temperature of the surface sand ranged from 14 C to 

24°C and , since Green (1955) has shown that the optimal 

temperature for H. immaculatus is 16 - 34°C, it is unlikely 

that winter temperatures would be a limiting factor 

for local ant-lion species. 

To summarise, it can be seen that the habitat of 

L.intermedia showed the least diurnal fluctuation in 

temperature and the smallest temperature gradients, 

while the habitat of £.lanceolatus showed the greatest 

diurnal temperature fluctuations and the steepest g radients. 

The habi·tats of t!. medL.l li .s, ~. obs curllS and S. longico rni s 

fell between these two extremes but approximated more 

closely the condition of the habitat of £.lanceulatus. 
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3,3 PIT TEHPERATURES 

The general sand temperatures in the various 

myrmeleontid and rhagionid habitats have been shown to 

vary considerably depending mainly on their exposure 

to direct sunlight. General measurements of sand 

temperature may adequately define the conditions under 

which non-pit-building species of ant-lion, such as 

~.longicornis, live. In the case of pit building 

larvae, however, these general sand temperatures are 

further modified by the pit itself. 

The effect of pits on general sand temperatures 

has been investigated by Green (1955). He studied the 

pits of M. immaculatus and sho'ved that the various sides 

of a pit" which were exposed to the sun, differed widely 

in their temperatures. For example, he found that the 

o temperature of the pit base was from 3-5 e lower than 

the temperature of the surrounding surface sand, while 

the pit slopes facing the sun were O-lOoe above the 

temperature of the pit base. It seemed likely that 

similar tempe rature differences would exist in the pits 

of .!::.intermcclia, ~.medialis , ~.obscurus and f '.!:.0E5", olat,us 

and pit tempcrnturcs were therefore investigated in the 

field. These mc-:ts u rcmcnts \.;cre taken in t en pits of 

Bach spccies at 10 a.Ill., 12 noon and 2 p.m., cxcept in 

the case of n.ObsCllru.:3 \vhc1"c 20 pits were ex.~minccl at 

each of ~llcse tirncs (rig. ~~). TI1CSC times were chose!.! 

since i"l~ was only du.ring t11c ' . .., al'Iller part..s of t .lle clay 

that, tllC pit, ~Cl!\pel'atlU'cS elifi'cH'ccl Illill'keelly ["Olll U", 
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temperature of the surrounding sand. At each of these 

times the direction of the sun's rays was determined 

by noting the position of the shadow cast by a vertical 

stick, while the angle of incidence was calculated from 

tables in The Astronomical Ephemeris for 1969 (1967). 

Before conside ring the results of this investigation 

it should be noted that 99% of the pits of lo.intermedia 

and 75% of the pits of M.medialis were in the shade at 

noon, and all the pits of both species were shaded at 

2 p.m. The direction and angle of incidence of the 

sun's rays could -therefore not be calculated at these 

times . In the case of M.obscurus some pits were exposed 

to sLmlight continuously throughout the experimental 

period, others were shaded for part of the time and a 

small percentage were shaded throughout. The percentage 

of pits in the sun at 9 a.m. was 94%, at noon, 42% and 

at 2 p.m., 36%. 

The results presented in Fig. 24 show that three 

distinct categories of pit may be distinguished. 

Firstly , those pits which were shaded throughout the 

experimental period (M.obscurus, shade). The temperatures 

recorded within these pits never differed by more than 

o 2 C from the air temperature or the general surface 

sand temperature . No marked temperature differences 

were obvious bcth'cen the various quacipants of the pits. 

The second cn tcgory included pits -,'i;lich "'orl"! in 

sunlight at 10 a.m., piu'Ually ')c completely '3hElclecl 

at noon, and in complete .shade at, 2 p.!!l. 

In tlw c;c pit.;s at 10 a,H. Uw westel'n 



-29-

quadrants were the warmest, having a temperature 5-7°C 

higher than the temperature of the air and 3 - SoC 

higher than the temperature of the surrounding sand. 

The temperature of the north, south and east quadrants 

did not differ from the air temperature by more than 

4°C, 01' from the surface sand by more than 2°C. At 

noon, when the pits were partially.shaded the pit 

temperatures were generally slightly lower than the 

temperature of the air and surrounding sand, except 

for the southern quadrant which still retained some 

heat. This was particularly noticeable in the pits 

of H.medialis which were exposed to full sunlight for 

a longer period of time than the pits of L.intermedia . 

By 2 p.m. all temperatures recorded within the pits 

agreed to within 3°C with the temperature of the air 

and the surface sand. 

The final category of pits included those which 

were exposed to sunlight throughout the experimental 

pe1'iod. This category included the pits of ~. obsc~. 

(sun) and C.lan ce olatus . Throughout the experimental 

period t ,he southern quadrants of these pits were 

considerably hotter than the othcr quadrants, while the 

northern quadpants were the coolest. The greatest 

temperature differenccs were recorded in the pits of 

o N.obsCUl' tts ,;he re there 'vas a difference of 11 C between 

the warm southern qua dl',.\Ilt and thc cool northern 

quadrant at 2 p.m. 

This work Indi.caLcs that alIt-lion [IIld worm-lion 

pi-t.~s in t,he dha dc haye ·t.eIllpef';..d~urcs very c lose ·to those 
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of the surrounding air and surface sand, while negligible 

temperature variations are present in the pits themselves. 

Pits in direct sunlight, on the other hand, show marked 

temperature variations and differ considerably from the 

temperature of the air and surrounding sand. In all 

pits exposed to direct sunlight the base of the pit 

was at a higher temperature than the air. At 10 a.m. 

the temperature of the pit base and the surrounding 

surface sand always agreed to within 20e, while at noon 

and 2 p.m. the pit base was always slightly cooler than 

the surrounding sand. The difference in temperature 

between the pit base and the air 
o 0 

ranged from 1 e to 4 e, 

while the difference between the pit base and the surrounding 

surface sand ranged from oOe to 3°e. In general the 

smallest ·temperature variat·ions within ·the pits were 

recorded at 10 a.m. and the greatest at noon and 2 p.m. 

The responses of ant-lion and worm-lion larvae to 

these temperature variations were complex and are 

discussed in a later section of this work. 

DEPTH OF sym 

Preli,ninary observations indicated that the depth 

of fine surface sand in the various ant-lion and \\form -

lion Il:lbitats differed cor.sidel'Gbly. The depth of 

loose surfGce s 3ud waS studied in the field by t3king 

25 l'e3dings of sanel clepth in the habitat of each specie.". 
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Since the larvae of all species, except the non-pit ­

building ant-lion §. . long icornis, are found in scattered 

groups each set of 25 readings was obtained from at least 

five different colonies of larvae. In the case of 

§..longicornis habitats, the readings of sand depth were 

obtained from five diffe rent sand dunes. All readings 

were taken on the same day, approximately one week 

after the last f all of rain. The depth of the sand 

was determined using a graduated metal probe 3 mm. in 

diameter which was pushed as far as possible into the 

sand with the palm of the hand. 

It was found that, not only were there considerable 

differences in the depth of soft sand in the various 

habitats, but the depth of sand in different parts of 

the same habitat also varied. In general the habitats 

could be divided into three t ypes on the basis of sand 

depth . Firstly, there wa s the very de ep sand (31,1 

± 5,7 cm.) recorded in the sand dune habitat of S. 

longicornis. The sand depth in this habitat varied 

enormollsly but was never l ess than 10 cm . The soft 

dry sand was genera lly deeper near the top of the dunes 

than it was at the base of t he dunes. In the second 

type of habitat the fine sand ranged in depth from 

1,5 cm. to about 10,0 cm. This sand was found in the 

habitat, of ,!,..intel'l1lcdia (4,2 ± 0,4 el1l.), ~ .me cJial is 

(4, S ± 0,3 cm.) and ~1. obs cu r E" (3,7 ± 0, 8 COl . ). Of 

these habitat.s that of tI. . OhS Clil'US showed the greatest 

vad.abili ty. Finally, in thc third typc of habitat. 

U", sanel ha3 always extre:llcly .sh;1110w. This IvilS found 

I · 
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in the habitat of C.lanceolatus in which the depth of 

+ soft surface sand was 1,3 - 0,3 em. In many instances 

the probe Hould not penetrate the general sand surface 

at all. In these regions the soft sand was limited to 

the ant-lion pits themselves, the sides of which were 

cove red with a layer of soft sand about 1 cm. thick . 

This sand was obviously loos e ned by' the hard sclerotosed 

plates on the posterior end of the abdomen of the larvae 

during the process of pit construction. 

When the above results were compared statistically, 

using "Students ' t", it was found that there was no 

significant difference between the depth of soft surface 

sand in the habitats of L.intermedia, ~ . medialis and 

~.obs curu~ (p in all cases >0,1). The habitat of 

§..longicornis was s ignificantly different from all the 

other habitats (p in all cas es <0,001). The habitat of 

£.lanceolatus also differed significantly from the other 

habi t.ats (p < 0,001 , except when compare d with the habi-::;a t 

of M.obscurus ",here p <0,01 >0,001). 

3,5 Sml~!ARY OF HABITAT CHARACTERISTICS 

The various myrmeleontid and rhagionid h abitats 

ha ve been shO\,'n to differ in a number of Hays an d the 

main temperature characteristics and depths of sand 

from each habi tat :lrc s ummarised in Tablc 3 (from Figs. 

18, 21, 22 and 24). 

Thc habitat of the ,,,ol"Jll-l i on L. intcrme clia Has f o un d 

to bc VCl"y sheltere d and wa ,,; exposed to ;:in ;:iyerage of 
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one hour of direct sunlight per day. The sand temperatures 

were therefore very s·table and no marked temperatur e 

gradients were present either in the sand or i n the pits. 

Sand depth in this habitat was variable and could not 

b e distinguished from that found in the habitats of 

M.medialis and M.obscurus . 

Exposure to sunlight was somewhat greater in the 

habitat of the ant - lion ~.medialis, where it was 

approximately four and a half hours per day. The habitat 

was exposed to sunlight mainly in the morning and during 

this time temperature gradients were present in t he sand 

and in the pits. The habitat of ~1. obscurus was exposed 

t o about six hours of direct sunl i ght per day and marked 

temperature gradients were present in the pits and 

surrounding sand. Marked temperature gradients were 

also recorded in the habitat of ~.lon~icornis, the non­

pit-building ant -lion. This habitat was exposed to 

approximately seven hour s o f direct sunlight per day 

and the sand was significantly deeper than that recorded 

in any other habitat. 

Finally, in the habitat of ~.lanceolatus the exposure 

time to sunlig ht was about 11 hours. Very marked 

temperature gradients were present in the pits and 

surrounding sand. TIIC sand in this habitat .,as a lso 

significantly shallower than that recorded in any other 

habitat. 

It may be argued that t,llc subs 'cra te pal't,icle size 

in tho vilPious l1abii;at,s should have been t,akcll i nto 

considcl'ation since Youtlte<l allci ~1l)l'an (1<)6C)a) have sl1o.,n 

I , 
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that particle size affects the size of pits constructed 

by t!.obscurus. It was observed, however, that all the 

species under consideration were able to construct 

normal pits in both fine and coarse sand and this factor 

",as therefore not investigated further . 

The characteristics of myrmeleontid and rhagionid 

habitats outlined above formed a bapis for the subsequent 

experiments on temperature relations. 
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4. TEMPERATURE RELATIONS 

The hot dry sandy habitats in which myrmeleontid 

and rhagionid larvae live may, at least in some respects, 

be considered as desert regions. While many desert 

dwelling animals have obvious morphological and 

behavioural adaptations which enable them to s urvive 

in hot sand, no such obvious adaptations are present 

in ant-lions and worm-lions. These larvae are unique 

in that they do not appear to burrow to any depth into 

the sand, but lead an almost sedentary e xistance near 

the surface of the sand. The question of how these 

animals are able to survive high sand temperatures is 

therefore of particular interest . Three aspects o f 

the temperature relations of these ant-lion and worm­

lion species were considered; (i) the upper lethal 

temperature limits, (ii) diurnal variations in 

temperature sensitivity, and (iii) the internal temperature 

o f the larvae. 

4,1 THE UPPER LETIHL LHlITS 

Thc tempe l'a t l1r c 0 r iohe s an d in di f fcren t ant- lion 

and ~orm-lioll habitats 11as been shown to diffe r greatly 

and it, ,,'ould thCI'C ['ol'e be expecte d t h at the uppel' let,hal 

tcmpc,ratul'es of t,ilc di [fcrent spcc j,es wOllld vary 
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accordingly. This aspect was investigated in the 

l aboratory. 

The first problem in this work was to define the 

criteria of death for ant - lion and worm-lion larvae . 

It was observed that, when subjected to high temperatures, 

all the larvae first showed a period of very vigorous 

movement, followed by a period during which they lay 

completely still but could be stimulated to move by 

prodding with a pair of forceps. In ant-lions such 

prodding generally produced vigorous movements of the 

legs and mandibles, while in worm-lions it produced 

violent flexion and extension of the body. Finally, 

the larvae became completely immobile and shewed no 

response to prodding. Later work indicated that a 

lack of response to prodding was not really an indication 

of death but of heat coma. In these experiments, 

however , coma was used as the criterion of heat death 

since coma was always followed in a very short time 

by death, if the insects remained at high temperatures. 

If the insects were r emoved fro m high temperatures 

duri ng heat coma they recovered and were able to construct 

pits, but death generally followe d after a period of 

1-6 weeks, and none of these insects ever again managed 

to moult or pupate successfully . Heat cOllla may thu s be 

regarded a s the first stage of death and cannot be 

superficially distinguished f rom death. 

All the larvae us cd in letha l limit determinations 

were s llbjccle dl;o a ciCallelard jll' e 1;reatmcnt. They \Vcre 

+ 0 maintained at a constallt temjleraLureo f 25 - 1 C for 
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a period of at least seven days prior to the experiment 

and during this time they were each fed one ant a day. 

This period of pretreatment was used since it has been 

sholm by Youthed and Horan (19 69a) that the influence 

of the previous thermal history of the larvae of M. 

obscurus is eliminated by seven days under constant 

conditions. 

The upper lethal temperature limit of each species 

was initially determined by subjecting the larvae to 

high temperatures for a period of 24 hours. In these 

preliminary experiments 24 hours was chosen as the 

exposure period since this is the period which has been 

used in determinations of the Ie-thaI temperatures of 

many desert arthropods (Cloudsley-Thompson, 1962a; 

El Rayah, 1970a). The experiments were performed On 

groups of 10 individuals of each species which were 

drawn at random from the stock population. To prevent 

the larvae killing each other during the experiments 

each individual was placed in a separate glass test tube . 

The glass tubes contained a small amount of fine da mp 

sea sand to prevent them floating. The relative humidity 

in the tubes Has tested l,ith cobalt thiocyanate pape r 

and found to be about 90:. The tubes were lightly 

corked with cotton wool and the humidity did not change 

by more than 3~ during the course of the experiments . 

Damp sand was used since, in tIle wo rds of Edney (1957), 

liThe highest temperatu l'e an inscct can - l,'ithstil nd at 

90;:; RlI is e loseto it;s -truc d C<:lt h puint ll • The test 

tl1bes were pla ced in a ",,,i-.C I· bili-.ll at. val'iouR tcmpcl' atul'C3 
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and the number of dead larvae determined after a period 

of 24 hOUl'S. The percentage mort.ality at each 

temperature was then calculated. 

The results presented in Fig. 25 show that in all 

species the percentage mortality increased very sharply 

over a narrow range of t emperature. The larvae of 

L.intermedia died between 38-42oC, while 50% mortality 

° occurred at about 40,5 C. The temperature range causing 

death was even narrower for M.medialis and M.obscurus 

where it was 46-4SoC and 47-4SoC respectively with 

50% mortality occurring at 47,20 C and 47,6°C. The 

larvae of ~.longicornis and £.lanceolatus s howed higher 

temperature tolerances. For ~.longicornis the temperat.ure 

range causing death was 50-52-°C with 50% mortality 

occurring at 50,8°c, while the larvae of C.lanceolatus 

died at 49-53°C with 50% mortality at 5l,90 C. 

In general, from this experiment it wa s clear that 

the upper lethal temperature of ant-lions from warm 

habitats (e.g. ~.lon~icornis and £.lanceolatus ) was 

higher than the upper lethal temperature of larvae 

from cooler habitats C.J;:.intermedia, £l.medialis and 

£!. obscurus) . The experimental technique used in this 

investigation Inay, however, be criticised. Although 

tl,e letllal limit of many different species of animals 

has ill t ,he past been as~e5scd as the hig;hest tcmperatur'c 

survived by 50~ of the population over a fi~cd period 

of t.illle, Orr (1 ')5 5) has ind.iea t.ed that, the s lll 'vi v2.1 

of any animal at h :i.gh tClllpCl'atul'cs is depcndent on the 

tilllC of eXpOSl.ll'C. In (H'dcl' t.o de Cine the cOlldi tions 
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of heat death accurately a curve in which both time and 

temperature are represented should be obtained. 

Furthermore larvae in the field would never be exposed 

to a constant high temperature over a period of 24 

hours. Experiments in which both the variables of 

time and temperature were taken into account were therefor-e 

performed. 

In these time/temperature experiments , groups 

containing 10 individuals of each species were subjected 

to a range of different temperatures. The exact 

temperature range used depended on the species involved. 

The lowest temperatures used were those (to the nearest 

2
o

C) '-Ihich have been shown to produce a 50% mortality 

over a period of 24 hours. These temperatures were 

chosen as a starting point since the larvae in the field 

would ne~er be exposed to high temperatures for as 

long as 24 hours and the lethal limits of the larvae 

during shorter exposures to high temperatures were 

therefore of greater intercst. The temperature tolerances 

of the larvae were then tested at intervals of 20 C. 

The groups of larvae us e d in this experiment were 

draKn at random from stock populations which had been 

maintained in a constant environment room at 25 ± 1 0 C 

for seven da ys . The larvae were placed in individual 

test tubes and the onset of !leat coma was recordcd. 

The 1'e la l:i vc humict i t y wi:lohin t ,hc test tubcs was tocsted 

witll cobalt thiocyanate paper and found to bc about 

This low ecla t,ivc humidi ty \vas chosen since, ill. 

t ,he field., high t.emp C: l'atul'cs arc usually as s ociated 
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with l ow relative humidities . All the experiments in 

this series were started between 9-10 a.m. and the 

importance of this timing will be d i scussed in a later 

section of the work . 

Each group of larvae conta ined individuals of various 

sizes and they entered heat coma at a wide range of 

different times. Fig. 26 shows the mean time at which 

heat coma occurred for each species. It is obvious 

that the survi val time o f all speci es increased markedly 

over a very small temperature range . For t!. obs curus , 

fo r example, o a decrease in temperature from 50 C to 

4 S
o

C increased the mean survival time from 35 mins. to 

just over six hours (372 mins.). This fact may be of 

great importance in the fie ld since i f the larvae are 

able to move into areas of sand with a temperature only 

a few degrees below their lethal limits they would be 

able to survive for far longer periods of time. 

The t emperature tolerances of the various species 

in this experiment differed greatly . If the temperatures 

giving a mean survival time of fi ve hours are compared 

the following results are obtained : i . intermedin, 41,4°C; 

t!.medialis, 47,30 C; t!.obscurus, 48,20 C; ~ . longicor·nis, 
o 0 

51,2 C and 5: .. 1anceolatus, 53,4 C . The survival time of 

five hOllrs was chosen as a basis of comparison since 

this is the approximate length of time for ,,,hich maximum 

sand temperatures ppcvail in the field (see Fig. 21 ). 

All the larvae used in these experiments wepe kept 

at + 0 25 - 1 C for seven clays prj.oP to the stal't of the 

experiments. Jbgl1cr t;elllpel':lt.ure tolel'anccs ,,'(mId 
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undoubtedly have been recorded if the larvae had been 

acclimated at higher temperatures and such acclimation 

effects have been described for a number of different 

insects (for example: Hellanby, 1954; Hynard Smith, 

1957; Dingley and Hynard Smith, 1968; Clouds ley­

Thompson, 1969; Levins, 1969 and Davison, 1971). 

Seasonal acclimation in response to the increasing 

temperatures of early summer may affect the lethal 

l imits of ant-lions and worm-lions but it seems unlike ly 

that acclimation to the very rapid daily temperature 

changes would have any marked effect on the survival o f 

larvae in the field . Also, it will be shown in a l ater 

section of this work that the behaviour of the larvae 

normally ensures that they do not encounter temperatures 

near their lethal limits. 

The larvae in the present investigation were not 

standardised with respect to age, although the importance 

of this factor in lethal limit determinations has been 

shown by Baldwin (1954) and Heeg (1967). In the present 

experiments there was no evidence of any age effect and 

random samples were therefore used . 

Finally, it should be noted that the present experiments 

were all performed at a relative humidity of 40%. It 

is well known (Chapman, 1969; Wigglesworth, 1965) that 

relative humidity ha,; a mal'ked effect On the l.ethal limit 

of sOlne insects; low l~(~lative hUlniditics arc Illorc 

favourable during ShOl~t cxp0:=>l1rcs to high "tcmpel',tturcs, 

since t,hc insects ill'e theu able to cool t ,hcm.":";c!vcf.: by 

Lhe evapora tiOll 0 f \Va tC1'. IIm,'ever, the prable:JI (I f 
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evaporative cooling of ant-lion and worm-lion larvae is 

dea lt with in a la -ter section of this work and indicates 

that evaporative cooling is not important in the majority 

of these species. 

As stated earlier , all the above experiments were 

started between 9 a.m . and 10 a.m. In preliminary 

experiments, ant-lion and worm-lion larvae appeared to 

die more rapidly when the experiments were performed in 

the late afternoon and evening than they did if the 

experiments were performed in the morning. Investigations 

were therefor initiated to establish whether the 

t e mperature sensitivity of the l arvae varied at different 

times of the day. 

4,2 DIDRNAL CHANGES IN TEMPERATURE SENSITIVITY 

The diurnal changes in the temperature sensitivity 

of mYI'meleontid and rhagionid larvae were investigated 

using three groups containing 10 individua ls of each 

species. Each group of larvae was exposed to high 

temp e ratures at either 9 a . m., 5 p.m. or 7 p.m. and 

the mean time to death determined. Additional experiments 

",ere performed at 2 p.m., 3 p.m. and 4 p.m. using the 

larvae of tI.obscuPlls only . The temperatures used were 

chosen so that all the lal'vae died ",i thin an hour. 

Tllis was done because it scomecl likely that the temperature 

scnsit.i vity might. change dUl':Ln .~ a longer exposure period. 
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All experiments were performed at a relative humidity 

of approximately 40% . 

The results of these experiments are presented 

in Tables 4a and b. All the larvae, except those 

of !o.intermedia, were more sensitive to high temperatures 

at 5 p.m . and 7 p.m. than they were at 9 a.m. 

Statistical analysis of the results (applying Bessell's 

correction for small numbers) showed that, apart from 

the larvae of !o.interme dia, there was a highly significant 

difference between the survival times at 9 a.m. compared 

with those at 5 p.m., whereas there was no significant 

difference between the results obtained at 5 p.m. 

compared to 7 p.m. The increase in temperature 

sensitivity must therefore have occurred before 5 p.m. 

and this is illustrated in the experiments performed 

on the larvae of M.obscurus. From Tables 4a and b 

it can be seen that, in the case of ~.obscurus, there 

was no significant differ ence between the survival time 

at 9 a.m. compared to 2 p.m.; there was a slight 

difference at 2 p.m. compared to 3 p.m. and marked 

differences between the results for 3 p . m. compared to 

those at 4 p.m. and for 4 p.nl. compared to 5 p.m . 

Th:i.s sugges t s that the temperature sensitivity of the 

larvae of ~.obscurus began to increase at about 3 p.m. 

and that the larvae became progressively more sensitive 

unt il about 5 p.m. Sensitivity remained at a high 

level wlttl at least 7 p.m . The decline 1n temperature 

scn s itivii',y octh'C':CIl 7 p.m . and 9 a.lll. was not investigated 

due to a shol·tage uf lIla t;erial and because in t.he field 
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the temperature is low at night and would not approach 

the lethal limit of the larvae. The peak of minimum 

temperature sensitivity in these larvae coincided with 

the hottest part of the day. 

The peak of maximum temperature sensitivity recorded 

in these experiments occurred at the time at which 

maximum pit building activity was observed in the larvae 

of !i. obscurus by Youthed and Moran (1969b). A similar 

correlation between peak sensitivity and an activity 

rhythm was noted by Nowosielski e~ al (1964) for Gryllus 

domesticus. These workers found that the sensitivity 

of G.domesticus to various narcotics was greatest during 

the early part of the night, at which time these animals 

showed their maximum activity. Also, more recent work 

by Haverty and Ware (1970) has shown that Pectinophora 

gos~ypiella \vas more sensitive to X-rays during the 

period o f activity. No direct relationship between 

activity and sensitivity to narcotics or X-rays was, 

however, demonstrated by these workers. It seemed 

possible that in ant-lion and worm-lion larvae some 

direct connection might exist between the activity rhythm 

and temperat.ure sensitivity and this question was 

investigated further. This p roblem was of particular 

interest in this study since, if pit construction and 

tempcratuI'e sensitivity are clos oly lillked, then the 

bchaviolll'al responses of the LII'vae to tempeJ"aturc might 

be mal'l<.edly a ffnct <: cl, In oecler to study Ulis pl.'cblem 

in mY l'Ulclc ontid and l'ha c; .Lonid larvae it \vas first 

EcceS:j ary to demons tra Ll~ the exis lellec of a c:Lrcu.clinll 
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activity rhythm in all the species under consideration. 

The activity of five individuals of each species 

was investigated using the actograph described by 

Grobbellaar et al (1967). The daily activity of each 

individual was recorded for two days under normal laboratory 

light-dark conditions. Each individual was fed one ant 

per day at random times between 6 a.m. and 11.30 p.m. 

The results obtained are shown in Fig. 27, and from this 

it is evident that the larvae of .t!.obscurus, .t!.medialis 

and £.lanceolatus possessed very well defined circadian 

activity rhythms with the peak at about dusk. It is 

interesting to note that all three species live in hot 

habitats where such circadian rhythms may be of great 

survival value and this aspect will be discussed later. 

The larvae of L.intermedia showed considerable 

activity at dusk but they were also active at other times 

of the day, particularly after feeding. It would thus 

appear that these larvae do possess a circadian activity 

rhythm, but this rhythm is not as sharply defined as in 

the ant-lion larvae . ~.intermedia larvae live in very 

shady areas where a circadian activity rhythm may not 

be of great survival value. 

The larvae of the non-pit-building ant-lion, S. 

lo~icornis, showed a very 101, level of activity, but 

with a definite indication of a peak at dusk. The very 

low level of activity recorded was probably due to the 

fact that these ] al'yae do not build pits and the aetograplt 

used was mOl'c. scnsi ti vc t .. o vigorous movements On the 

surrace of the sand than to movements below the sUl'L,ce, 
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It can therefore be said that not only were the 

larvae of all species (except ~.intermedia) more sensitive 

to temperature at about dusk but that they also showed 

their maximum activity at this time. The larvae of 

L.intermedia which did not show a marked daily activity 

rhythm also lacked any indication of a peak of temperature 

sensitivity. This sugges ted the possibility of a link 

between temperature sensitivity and the rhythm of 

locomotor (or pit building) activity. It is well known 

(Aschoff, 1965; Harker, 1961) that the circadian activity 

rhythm of insects can be altered by a change in the 

light-dark cycle . This also applies to ~.obscurus, as 

.shown by Youthed and Horan (1969b). If the light - dark 

cycle was altered so that the dark period fell during 

the day, the activity rhythm immediately altered so that 

the activity still occurred just before "dusk". Such 

a change in the daily activity rhythm should therefore 

produce a change in the time of p eak temperature sensitivity 

if these two factors are linked . This was investigated 

in the laboratory using mainly the larvae of M.obscurus. 

Only a fe,,, experiments were performed on the remaining 

species due to a shortage o f material. 

A number of larvae of each species ,,,ere placed in a 

reversed light-dark cycle in which the lights (about 

1500 huc) were switched on at 8 p.m . and off at 10 a.m. 

Afte r 14 days the activity rhythm of each species was 

recorded . These activity recordings ~cre obtained from 

five larvae of ~.ohscllrt_lS and a singl.c larva of each of 

tile I'CI11ailling spe cies. The activit;y of each indivj tlual 
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was recorded over a period of 48 hours. The results, 

which are shown in Fig. 28, indicate that, with the 

exception of the larva of ~.intermedia, all the larvae 

showed a marked peak of activity at about 10 a.m. 

That is, the daily activity rhythm had altered so that 

peak activity was recorded just before "dusk". The 

activity rhythm of all the ant-lion species therefore 

responded to reversed light-dark cyc l es in the same way 

as that of M.obscurus. 

Having shown that the daily activity rhythm was 

altered by a reversed light cycle it was then necessary 

to investigate possible changes in the time of maximum 

temperature sensitivity. Groups of 10 individuals of 

M.obscurus were therefore drawn at random from the 

experimental population, which had been exposed to a 

reversed light-dark regime for 14 days, and the temperature 

sensitivity of each group tested. The experiments were 

carried out at 10 a.m ., which was the new activity time, 

and at 5 p.m. and 7 p.m., which was the old activity time 

and time of maximum temperature sensitivity. At each 

of these times 10 larvae of ~I.obscurus were exposed to 

o a temperature of 50 C and the time at which each individual 

died was noted. Similar experiments were conducted on 

from three to five individuals of each of -the remaining 

spe cies a~ 10 a.ll1. and 5 p.m. The temperatures used 

in these expe r i mc,nts v a l'i"d f rom species to spccies and 

ape indicated) toge t.her h'ith (::,hc res ults, ill Table 5. 

It should be no t ed that only t .Ile res ults obtained from 
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since only very small numbers of individuals of the 

other species were obtainable. 

Table 5 shows that the larvae of ~.obscurus, after 

exposure to a reversed light-dark cycle, were now 

significantly more sensitive to temperature at 10 a.m. 

than they were at 5 p.m. There was, ho\,ever, no 

statistical difference between the results at 5 p.m. 

compared to those at 7 p.m. It thus appeared that the 

peak of temperature sensitivity of these larvae had 

altered in the same way as the rhythm of daily activity 

in response to the reversed light-dark regime. Similar 

changes in temperature sensitivity were indicated by 

the results obtained from the larvae of ~.medialis, 

~.longicornis and £.lanceolatus. In all cases the 

larvae died considerably more rapidly at 10 a . m. than 

they did at 5 p.m. The larvae of the worm-lion L. 

intermedia, on the other hand, showed no difference in 

the survival times recorded at 10 a.m. and 5 p.m. 

The above results therefore support the suggestion 

that temperature sensitivity and the daily activity 

rhythm are interdependent. Furthermore, these results 

suggest -Lhat -Lhe diurnal changes in temperature sensitivity 

are not due to an independent endogenous circadian 

rhythm s ince, although it is possible for two independent 

rhythms to be reset to approximately the same time by 

a reversed light ree;ime, i-L is unlikely that. they woulet 

corres pond so clos ely. In order to investigate this 

prOble m furthop boCh -Lempc r atul'e s Cllsi 'c ivi-Ly and the 

daily activ ity rhythm we re i n vc s tigat,ed under conditions 
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of constant light. This was done since it is well known 

(Harker, 1961) that the circadian rhythms of insects 

have an intrinsic oscillation which only approximates 

24 hours . During perio ds of constant light or dark 

whe n the "clock" can not be reset each day the rhythms 

tend to "drift". It is, therefore, probable that if 

there is an independent circadian ~hythm of temperature 

sensitivity in ant-lion larvae it would "drift " at a 

different rate fr om the circadian activity rhythm. 

That is, it is unlikely that two independent rhythms 

would possess the same free-running period. 

It has been shown by Youthed and Moran (1969b) that 

when larvae of M.obscurus are exposed to constant light 

their activity rhythm occurs slightly earlier each day, 

so that after two weeks the period of maximum activity 

occurs at about 4 p.m. instead of at 7 p.m. This was 

confirmed in the present investigation us ing a single 

individual of H.obscurus. The activity of this larva 

wa s recorded for four days under normal laboratory daylight 

conditions and for two weeks in constant light of about 

1500 lux. The larva was fed one ant a day at times which 

were randomly determined . The results are illustra:ted 

in rig. 29 and it can be seen that there was a gradual 

shift in the time of activity under conditions of constant 

light. The activi·ty occurred slight l y eal'lier each day 

and after a period of tlVO weeks in constant light the 

activity peak ha c! shifted from abollt S· p,m, to about 

3.30 p.m, If the diurnal changes in the t e lllperatLu'e 

sensit ivity of ~I. Ob S Clll'l.l ,' lll!'vae al'e due to an cnciog,,"olls 
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circadian rhythm then the amount of "drift" in the 

period of peak sensitivity would be expected to differ 

from the rate of "drift" recorded for the peak of daily 

In order to test this a large number of 

M.obscurus larvae were exposed to constant light for a 

period of two weeks. Gpoups of 10 individuals were 

then withdrawn from this population at random, and their 

temperature sensitivity tested at various times of the 

day. The tests were performed at 9 a.m. during the 

period of inactivity, at 4 p.m., the new "induced" 

activity time , and at 7 p.m., the time at which the 

original daily activity and peak of temperature sensitivity 

occurred. The larvae were exposed to a temperature of 

o 
50 C at each of these times and the mean survival times 

determined. 

The mean survival times recorded in this experiment 

are indicated in Table 6. Statistical analysis of the 

results showed that there was nO difference between the 

survival times recorded at 9 a.m. compared to those at 

7 p.m. The results obtained at 9 a.m. compared to those 

at 4 p.m., however, were significantly different, as 

Here the results obtained at 4 p.m. compared to 7 p.m. 

The period of peak temperature sensitivity had therefore 

shifted fr'om about 7 p.m. to about 4 p.m. during a two 

weel, period ir1 constant light. This coprespondee] with 

the change in t.he acti vit,y rhythm recol'dcd under similar' 

conc.li t.ions . Alt-hough the frce-l'unning period of th'O 

indepcndent c:Ll'cadian rhythms may only cliffcr' by a few 

minute,;, «Clel ;; "':tllcl' time :Llrlcl'vals should the('CrOl' e be 
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used in deternd_ning the temperature sensitivity, such 

experiments were not possible here as it was very difficult 

to determine the time of death accurately over very 

short exposure periods. The results of this experiment, 

hm,ever , supported in some measure the suggestion that 

the diurnal changes in temperature sensitivity were not 

due to a distinct endogenous circadian rhythm but were 

linked to the endogenous activity rhythm. 

4,3 THE INTERNAL TEMPERATURE OF THE LARVAE 

It has heen shown experimentally that the upper 

lethal temperature limit of ant-lion and worm-lion larvae 

varied from species to species. The lethal limit also 

varied at different times of the day. Only ambient 

temperatures were recorded in these experiments and the 

internal temperatures of the larvae might have differed 

considerably from ambient at the time of death. Host 

of the previous experiments were carried out at low 

,'elative humidities of about 40% and the internal 

temperatures of the larvae might have been considerably 

lower than ambient due to evaporative cooling . Such 

evaporative cooling ha s been noted in a numbcr of different 

insects s uch as tsetse flies (Edney and Barrass, 1962) 

and hOlley bcoes ([' pee and Spencep-Booth, 19(2) . Experiments 

were thcrcfol'c eondLlcted to <ietei'mine the int.el'nal 

telllpel'at-lIl'e.s of' ant>-lions and wor'm-lions at v~ll~ious 
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ambient temperatures and at various relative humidities. 

Thermocouples were inserted into ant-lion and worm-

lion larvae as described in material and methods. Each 

larva was then placed in a large glass test tube which 

was partly filled with sea sand. A round of filter 

paper was placed on top of the sand to prevent the 

ins ects from attempting to burrow and thus dislodging 

the thermocouples. The humidity of the sand was 

controlled by drying the sand thoroughly in a crucible 

and then adding a known quantity of water . In this 

way relative humidities of almost 0% and about 100% 

could be obtained. Saturated salt solutions were not 

used to control the humidity in these experiments because 

it was found that they had a marked effect on the 

behaviour of the animals. They generally induced a 

state of hyperactivity. The humidity within the test 

tubes in each experiment was tested with cobalt thiocyanate 

paper. The tubes were corked with cotton wool and 

placed in a water bath, the temperature of which was 

raised from 22 0 e to 56°e at a rate of zOe per 10 mins. 

This approximates the rate of temperature rise found in 

the field (see section 3,2). 

Only five thermocouples were available for use in 

measuring thc internal temperatures of larvae ( the 

sixth one being used for calibration) and in each replicate 

of the experiment one individual of each species was 

used. The cxperimen t, was rcpca ted so tha't, ·the internal 

tClllpel'aturcs of a total of £i,'e individuals of each 

species I,as rc(~ol'ded at. bot,ll O~-:. an c! 100~: RII. 
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The results of these experiments, which are shown 

in Tables 7 and 8, have been expressed as the mean 

differences between the internal and external temperatures 

for each group of larvae. It should be noted that, 

for convenience, the external temperatupes have been 

expressed to the neapest whole number since it was not 

always possible to raise the temperature of ·the water 

bath by exactly the same amount· . It should also be 

noted that, while slight individual variations in 

temperature were recorded, the temperatures of all the 

larvae within any group followed similar trends and thus 

only the mean values need be considered. 

The most obvious feature of the data in Ta.ble 7 

(100% RH) is the very slight differences which were 

recorded between ambient and internal temperatures. 

Nearly all the reading s fell within the 0,3°C error 

inherent in the circuit, and it is therefore obvious that 

the internal temperature of all the larvae was very close 

to ambient under these conditions. This is, in fact, 

the result one might expect since at 100% RH the larvae 

would not be able to cool themselves by the evaporation 

of water. The larvae of ~.longicornis and C.lanceolatus 

had inte rnal temperatures which were cons istently 

slight;ly higher than ambient. The fact that these 

results were s o consistent makes it unlikely that these 

results were clue entirely to errors in the circuit 

(althoug h IlIOSt of th", results f e l l within the O,3 0 C 

errol' inhcP(mt in the circuit). It i s posgiI,le t hat 

the se incre a .ses i n int,ernal ·temperature were clue to tIl(> 
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production of metabolic heat, since the larvae of 

~.longicornis were very active during the experiment. 

The larvae of f..lanceolatus, however, did not show 

much activity and the increase in internal temperature 

above ambient cannot be explained at this stage. In 

general, from this experiment it was concluded that at 

100% relative humidity the internal temperature of the 

larvae followed the changes in external temperature. 

These results agree with those obtained by Edney (1951a) 

for woodlice. He found that in saturated air the 

internal and external temperatures agreed to within 

o 
0,1 C. 

The internal temperature of the an·t-lion and worm-

lion larvae at 0;; RH was also very close to ambient, at 

all temperatures, as shown in Table 8. This was 

particularly noticeable in experiments using the larvae 

of L.intermedia, where no consistent differences between 

internal and external temperatures could be distinguished. 

It would therefore appear that this species does not 

cool itself by the evaporation of water. In the 

remaining species the internal temperature was consistently 

lower than ambient. The fact that these results were 

so consist.cnl:; indicated 'I:;hat the results were not due 

entirely to errors in the circuit, and it was concluded 

that these larvae were able to cool themselves slightly 

by the evaporation of water. Table 8, however, 

indicated S OllIe dlffcl'CIlCCS between tIle various species 

in this rcspect. The internal l.. empel'at.ul'e of the lat'v:\e 
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0,6°C below ambient and remained almost constant at 

o a value of 0,3 C below ambient during most of the 

experimental period. In the larvae of ~.medialis, 

~.obscurus and ~.longicornis, on-the other hand, the 

internal temperature showed maximum depression at 

ambient temperatures ranging from about 300 C to about 

At ambient temperatures abpve and below these 

values the internal temperature followed the changes in 

ambient temperature more closely. This may be explained 

o by the fact that at temperatures below 30 C the larvae 

were not very active and their spiracles would thus not 

have been fully open. Also,since the temperature was 

low they would not need to evaporate water to cool 

themselves. Above 50
0

C the majority of the larvae 

showed little or no activity and a number of them appeared 

to be dead. 

50
0

C, h owever, 

very active. 

At ambient temperatures between 300 C and 

the larvae of all three species were 

In general from these experiments it was concluded 

that SOme slight evaporative cooling may be possible 

in ant-lion larvae. These results agree with those 

obtained by other workers such as Edney (1951a) who 

found t .hat the internal temperature of the cockroach 

Blatta was 0,7°C lower than ambient at 20°C and 2,4°C 

lower than ambient at 37°C. Church (1960) also recorded 

evapurative cooling in the order of 0,5-l,ZoC in various 

insects. 

The tenlperature differences recorded in the above 

cxper'illlcnts were V81'Y slight but, since it has been shown 
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in Fig. z6 that a very small temperature decrease may 

produce a marked increase in the survival time of the 

larvae, this cooling might be of some i mportance . In 

order to determine whether the evaporative cooling 

actually enabled the larvae to survive s i gnificantly 

higher temperatures their lethal temperatures were 

determined at both 0% and 1 00% relative humidity . As 

in the previous experiments only large final instal' 

larvae were used and the temperature was raised at a 

rate o f zOe per 10 minutes. Groups of 10 individuals 

of each species were used and the nwnber of deaths 

recorded after each o,soe rise in temperature. The 

mean temperature at which death occurred in each species 

is shown in Table 9, where it can be seen that only the 

l arvae of M. media1is and M. obscurus showed a significant 

diffe rence between the lethal temperatures at 0% and 

100% RH. The remaining species of larvae appeared to 

die at the same temperature regardless of the relative 

humidity used. In these experiments, however , the 

number of deaths was only determined at o,soe intervals 

and it is possible that di f ferences in the lethal 

temperatures might b ccome obvious if more sensitive 

methods were used. 

The above expcl'imcnts were conducted in still ail' 

and grcater evapol'ativc cooling I"ould be expected in 

moving- air. No experiments of this nature were clone, 

hOIVCVCI' , since in the field to he larvae are always bclGl" 

the ;nu'J:'acc of 'lite Stlllcl cllll':lllg Uw heat of the day and 

would tltcl'efol"e be in areas of st.at;:lonar'Y air and 
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relatively high humidity . It is therefore probable 

that evaporative cooling plays only a minor part, or 

no part at all, in the survival of larvae in the field. 
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5 . BEHAVTOURAL ADAPTATIONS 

The present studies have given some indication of 

the upper lethal temperature limits of the various 

ant-lion and worm-lion species and have also indicated 

the average temperatures of the surface sand in which 

these larvae live. The maximum temperatures recorded 

in ant - lion and worm-lion habitats were considerably 

higher than the mean values and it is these extreme 

temperatures which would determin e whether o r not the 

larvae were able to survive. The highest mean surface 

sand temperatures ( Fig . 21) , the maximum observed 

surface sand temperatures and ,the let,hal temperatures 

of the larvae over an exposure period of fiv e hours 

(Fig. 26) are shown in Table 10. The exposure period 

of five hours was chosen since this is the approximate 

length of time during which high temperatures would 

normally prevail in the field. The maximum recorded 

temperatures (apart from those in the habitat of S. 

longicornis) were all taken between 1 p.m. and 2.30 p.m. 

on 14th November, 1969. The recording from ti,e habitat 

of ~.longiconlis ,; as taken on 3rd De cember , 1969. All 

the values reprcsent a mean of 10 readings. 

As shown in Table 10 the average temperature of the 

sUI'face sand in thc various habitats ",as consicicI'ably 

lower than the leth;,l limi,ts of thc larvae. The maximum 

r ecorde d sand temlJeratures, on Ll,e ot!,cr h and, excecded 

UlC uppel' leCh"l t'''''pcratuI'e in all s pecies cxccpt 
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L.intermedia. Since these maximum temperatures were 

recorded during early summer it is probable that even 

higher temperatures would occur in these habitats later 

in the season. It is thus likely that the larvae have 

behavioural responses which enable them to avoid these 

high temperatures and the following aspects of the 

behaviour of these animals was therefore investigated: 

(i) responses of the larvae to light, shade and temperature; 

(ii) orientation of the larvae within their pits; 

(iii) movement of the larvae in vertical temperature 

gradients, and (iv) responses of the larvae to sand depth. 

5,1 RESPONSES OF THE LARVAE TO LIGHT, SHADE AND 

TEHPERATURE 

In the n atural habitats of myrmeleontid and rhagionid 

larvae, light and shade differences lead to considerable 

differences in sand temperature. For example, on 

12th December, 1970 the mean temperature of the sand 

in t he sun outside the laboratory '''as 46°C, while the 

o mean temperature of sand in the shade was 24 C. 

In selecting their microhabitat the larvae might 

therefore be responding to either light or temperature 

differences, or to a combination of these two factors. 

A further possihility is that the microhabitat might 

no(-, be selected by tho lal"VaC at all, but by the adul"ts. 

Adu 1 t Ita hiLa L sele ctiOll seemed un likely s ince the adlll t.,; 
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of all my-rmeleontid species appeared to be nocturnal 

and were very seldom observed on the wing during the 

day. Adults o f the worm-lion, l.intermedia , were 

occasional ly seen to be active during the day , but were 

never observed ovipositing. Thus, although little is 

known about the b ehaviour o f myrmeleontid and rhagionid 

adults , it seems t hat the larvae play the major part in 

the selection o f the microhabitat. 

Four series of experiments were designed to test 

the responses of the various larvae to light, shade 

and t empera ture . Throughout these experiments me tal 

containers (36 cm . by 24 cm.) fil.1ed with sifted sea 

sand to a depth o f 3 cm. were used. The inner sides 

of the containers were pai nte d black to e liminate the 

reflection of light. The sand in each container was 

marke d off into six squares (12 cm. by 12 cm . ) and a 

woode n fra mework suppor·ted 12 cm. above the sand allowed 

squares of b l ackened card to be place d over any of the 

sand blocks, thus shadin g them. In each r e plicate o f 

a n experimcnt six individua l s of a particular species 

were used, One indi vidual being placed ill the c entl"e of 

each square of sand at the start of the experiment . The 

positions of the larvae at the end o f the experiment 

we r e rccor'ded either by noting the positions of the pits 

or (in the case of the non-pit-building laI'\'ae of :?. 

lon::r icol"'l1 i s) by cLi.viding t .he s~~!1d int,o blocks by means 

of c.:tI'd and then cX<lmining c.:tclt block rot' -the p,'csence 

.\ total o f (,0 l a rvae of each s pecies "as 

used. ullclct, e ach set of cOllcil -(:ions anu thel.f' positions 
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noted after a period of two days. 

Initially, control experiments were des i gned to 

determine whether or not larvae, placed in evenly lighted 

and heated sand, distributed themselves evenly in the 

container . This was done since it seemed possible that 

the larvae might select particular parts of the container, 

such as the area adjacent to the walls, for pit construction, 

o r that they might tend to aggregate . In these 

experiments the sand trays were maintained i n a constant 

+ 0 environment room at a temperature of 30 - 1 C and 

evenly lighted from above by f l ourescent tubes 

( approximately 1500 lux) . The lights were switched on 

at 8 a . m. and off at 5 p.m . each day. The r esults 

of these control experiments are shown in Table 11. 

Statistical analysis of the results indicated that none 

of the larvae showed a preference for any particular 

square of sand . Observations taken during these 

experiments indicated tha·c the larvae generally moved 

around the container for some time before constructing 

a pit. These movements were not confined to any 

particular part of the container and the larvae showed 

no t e ndency to aggregate or to select the sand adjacent 

to the walls of the container. Experiments were then 

designed to test the following: (i) the responses of the 

larvae to visible ligh~ of various intensities, (ii) the 

responses or ·tbe larvae to light l~hen subjected to 

uniform high 'Sa na temperature::;, (iii) the respon s es of 

thc lar\'ae to s Ul'f ,\cs sand temperatut' e .,;, and (iv) the 
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and temperature gradients. Details of the experimental 

procedures for each series of experiments are listed 

below and the results of all the experiments are recorded 

in Tables 12-16. These results are then discussed as 

a whole. 

(i) Respons es of the larvae to visible light of 

various intensities 

In this series of experiments the responses of the 

larvae to visible light of various intensities was 

tested while the sand was maintained at a constant 

+ 0 temperature of 30 - 1 C. The lights, which have been 

described in Material and Het.hods, were switched on 

during the h ours 8 a.m. to 5 p.m. each day. The sand 

in these experi.ments was maintained at a constant 

temperature by placing the trays in a water bath so that, 

despite the heating effect of the lights, there was 

never more than a laC difference bet\veen the lighted 

and shaded areas of sand. In each replicate of these, 

and all further experiments, 50% of the sand was shaded 

and the shaded blocks were varied randomly. The 

experiments were replicated wltil the responses of 60 

larvae of each species had been investigated at each 

light int;cnsity. 
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The responses of the larvae to light when 

subjected to uniform high sand temperat,ures 

These experiments were performed to test the 

responses of the larvae to light under differing general 

sand temperatures. Larvae which selected lighted areas 

of sand at low sand temperatures might select shady 

areas if the general sand temperature was high. 

The sand in these experiments was heated to 35°C 

or 45 0
C in a water bath. It should be stressed that the 

sand was evenly heated and no temperature gradients 

were present in the sand. As in the previous experiments 

the sand was lighted from 8 a.m. to 5 p.m. with lights 

of various intensit ies. 

(iii) Respocses of t he larvae to surface sand temperatures 

This series of experiments was designed to 

investigate the responses of the larvae to differences 

in sand temperatures in the absence of visible light. 

The container of sand was maintained in the dark and 

the sand heated from above by a 250W infra-red l ight , 

suspended at 40 cm., 50 cm. or 60 cm.above the sand. 

In this way the di fference in temperature between the 

light.ed and s haded aecas of sand cOl,ld be varicd. As 

with expel' imcl,-ts using visible light t he infra-red 

lights IVcre oilly 51-:i tched on b et1Veen 8 a. In . and 5 p .111. 

each day, sincc no pits could be constructed by the 

LIl'vae dUI'1.ng periods of high :;ur[ace "and temperature. 
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(iv) Res..E£:lses o f the larvae to a combination of light 

and temperat.ure gl'adients 

In the final series of experiments the responses 

of the larvae to a combination of light and temperature 

gradients were investigated. The sand was illuminated 

with light of val'ious intensities and heated by infra -

red lights suspended 50 cm. above the surface of the 

sand. 

The results of all the above experiments are recorded 

in Tables 12-16 . The responses of the various species 

of larva diffe red con'iderably and each species will 

therefore have to be considered separately . 

The la r vae of the rhagionid L . intermedia (Table 

l2a) showed no response to light of low intensity (20e 

a 0 
lUX) at sand temperatures of either 30 C or 35 C. At 

light intensities of 600, 1200 and 14000 lux they 

responded by moving to the shade at both sand temperatures . 

No res ults could be obtained for this s pecies at a 

sand temperature of 4S oC since this temperature lay 

above the lethal limit for these larvae. In tohe abs en ce 

o f visible light, but in the presence of tempe rature 

gradients, the r es ponses of the larvae depended on the 

temperntul'es used ( Table 12b ). When the ten~eratul'es 

were 101Y (column A) no responses were observed. When 

t h e temper a tUl'es wcre increased to 3g 0 C (light) and 

29°C ( s l\ade) tI,e l arvae .,oved to t i,e shaded areas 

( column 13). D IleaC At st,ill hig her "temper'a tUl'CS 0 1- ~ ,) .. 

(lighe ) and 34°C (she"I,,) S5 ~" o f 'chc la rvne died ( co lumn C). 
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This was due to the fact that a temperature of 53°e is 

above the lethal limit for these larvae and they did 

not appear to be able to move rapidly enough to escape 

the rising temperatures in the lighted areas of sand; 

When visible light and temperature gradients were presented 

simultaneously it was found that the larvae moved into 

the shade at all light intensities (columns D to G). 

Thus it appears that the larvae of L.intermedia will 

respond to both light and temperature gradients in t .he 

sand when these factors are above a critical level. 

Light and temperature act together to increase the 

responses of the larvae. 

The responses of the larvae of the ant-lion M. 

medialis are shown in Tables 13a and b. These larvae 

showed a general tendency to select shaded pit building 

o a 
sites but, at low sand temperatures of 30 e and 35 e, 

this respons e was only obvious when the light intensity 

r eached 14000 lux (Table 13a). At a higher sand 

temperature of 45°e the r esponses of the larvae were 

increased and they responded to light of lower intensity 

(1200 lux ). In the absence of visible light, but in 

the presence of temperature gradients (Table 13b), the 

larvae move d into the shade when the temperature of the 

so 0 
infra-red l i ~hted areRS of sand was 3 C and 53 e ( COl UlllllS 

B and e) but did not respond when the temperature was 

When ligl1t and tempCl'aturc gl'adients 

were pl'(~" ented silll ll itaneollsly the larvae moved into the 

shade at all light inten .sitics (COlUllIIlS D to G). 

The lapvac of ~1. nbs Ctll' ll=;; s hoh'L'cl sOIll(!wha i:;. d.i f fe r'ent. 
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responses to light and shade, as shown in Tables 14a 

and b. They showed no response to l ight of any 

o 
intensity whe n the sand temperature was 30 C (Table 

14a) . At 3S oC they moved into the lighte d areas when 

the light intensity was 14000 lux. This response waS 

reversed at 4S oC, when the larvae moved into the shade 

at a light intensity of 14000 lux. Thus, when the 

temperature of the sand was low, the insects moved to 

the lighted areas, which in the natural habitat would 

also be warmer. When, however, the sand temperature 

was high and approached the upper lethal limit, then 

the response to light was reversed and the larvae moved 

into the shade . In t he absence of visible light (Table 

14b) the larvae only showed a response when the temperature 

of the infra-red lighted areas o f sand was very high 

(S3 0 C) (COlumn C). Under these conditions the larvae 

moved into the shade. Light, at all intensities, 

combined with temperature gradients caused the larvae 

to move into the light (colums D to G). Thus a 

combina tion of light and temperature gradients was 

more effective in evoking a r esponse than either of 

thes e factors presented individually. 

The larvae of the non-pit-building ant- lion, ~. 

longicornis, did not respond to light of 200 lux at 

any sand temp e rature, as shown 1n Table lSa . They 

did, howevel', r espond to light o f highel' intensities. 

o 0 At sa nd tcmpCl'at,UI'es of 30 C and 35 C they moved tow;ll'ds 

tl I , I t 1 f d I "t 45°C t,llC" nloved le . 191 ·· Ct [lpens ° sall, '" 1e1'"a5 U J 

tOh' ill' d.s the s i 1.;1 de . The rcsponse;; of these lin'vae to 
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light were therefore similar to the responses observed 

in the larvae of M.obscurus in that the response to light 

reversed at high sand temperatures. Table 15b shows 

that, when the larvae were expo'sed to temperature 

gradients in the absence of visible light, they moved 

into the infra-red lighted areas of sand when the 

t t f th 3S oC (column B). empera ure 0 ese areas was When 

the temperature in the lighted areas was raised to 

o 53 C the larvae moved to the shade (column C) . Temperature 

gradients combined with light, at all intensities, 

caused the larvae to move towards the light (columns D 

to G). 

Finally, the responses of the larvae of the ant-

lion C.lanceolatus are indicated in Tables 16a and b . 

As shown in Table 16a these larvae only responded 

significantly to a light intensity of 14000 lux at a 

sand temperature of 35°C. Under these conditions the 

larvae moved towards the light. Apart from this the 

larvae showed no significant response to visible light. 

The larvae of this species also showed variable responses 

to temperature gradients in the absence of visible light 

( Table 16b) . The larvae only moved towards the infra-

red lighted areas of sand when the temper'ature of these 

areas ,,,as 3SoC (column. B). When the temperatur e of the 

lightcd areaS was 33°C 01' 53°C (columns A and C) no 

significant moveme nt of the larvae was recorded. This 

may he explained by t .h" fact that. at 33°C the temperature 

gradic'nt bet;.wccn t.he lighted and sha dc (l ('lPcas was not 

great. and m;1y be belcn, the thrcshold fo!' 'tllC respon5C, 
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o whereas at 53 C the temperature of the lighted areas 

was still below the upper lethal limit for this species. 

At these high temperatures the movement of the larvae to 

the lighted areas may have been inhibited, although the 

response to temperature gradients was not actually 

reversed as it was in the larvae of M.obscurus and 

§..longicornis. A reversal of the response would 

probably have been recorded if temperatures above 53°C 

had been used. As might be expected, significant 

movement towards the light was recorded at all light 

intensities in the presence of moderate temperature 

gradients (columns D to G). It should be stressed, 

however, that this did not necessarily indicate that 

these larvae were sensitive to light since they responded 

to temperature gradients even in the absence of visible 

light. 

In general from these experiments it may be seen 

tha·t the larvae of both ant-lions and worm-lions were 

able to select either shaded or lighted areas of sand 

in which to construct their pits or lie in wait for 

their prey. The responses of the larvae to light, 

shade ond temperature can be correlated with the 

habitats in which the five species are found. Thus 

the larvae of L.interme dia and ~.medialis, which inllabit 

the coolest, shadiest microhabitats, moved to the cool, 

sllady ~lreas of sand. The larvae of ~.obscurus, whicll 

are founel in more exposed ho.bito.ts, moved to Hnrm, 

sand at. 10"· tempera t nr'cs a nd to cool, s hady sand at 

higher t~clllpcrature.s. The res pons es of the 13f'vae of 
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S.longicornis, f rom the coastal sand dunes, were similar 

to those recorde d f or the larvae of M.obscurus. Fina lly, 

the larvae of £.lanceolatus, which live in ve ry h6t 

exposed habitats , selected warm, lighted sand at low 

temperatures but did not move to cooler areas even when 

the surface temperature of t he lighted sand reached 

53 0 C, which was near the upper letha l limit fo r this 

species. 

The larvae of all species, except £.lanceo1atus, 

responded to both light and temperature when selecting 

a pit building site . A combination of light and 

temperature gradients was more effective in evoking a 

response than either of these f actors presented 

individually. 

5,2 ORIENTATION OF THE LARVAE WITHIN THEIR PITS 

It h as been shown in section 3,3 that the temperatures 

in different quadrants of the pits of ant-lion and 

worm- lion larvae may vary enormously and may rise above 

the upper l ethal limit for the var ious species . The 

daily movements and orientation of larvae in their pits 

were therefore invcstigated to detel'liline if t hese insects 

possess the appropl'ia Le behavioural responses to cope 

with these high temper-atures. 

The oricn ta"tioI1 () r local l1IyPJll(~lcont,id lar'v~e \Vi t hin 

1;·hcil' pits wa,; ' invl>3tig'<li ,cd both in t,h e field and in the 
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laboratory. In the field the orientation of larvae was 

determined by visual observation. Generally the mandibles 

of the larvae were visible at the base of the pit, but 

if they were not visible a slight disturbance of the pit 

base with a probe caused the insect to move, revealing 

its position. The larvae were then recorded as being 

either in the north, south, east or west quadrant. 

The orientation of the larvae and the pit temperatures 

were recorded in 50 pits of each species at 10 a.m., 

12 noon and 2 p.m. In some of the pits examined no 

larvae could be found. This absence of larvae was 

particularly noticeable in observations of M.obscurus 

and f..lanceolatus larvae during the warmer part of the 

day (12 noon and 2 p.m.). Table 17 shows the percentage 

of larvae apparently absent from their pits at various 

times of the day, t.ogether with the mean temperature of 

the warmest side of the pit. From Table 17 it can be 

seen that, when the temperature of the warmest side of 

o the pit was below 40 C, the majority of the larvae of 

all species were present in their pits. When the 

o temperature rose above 40 C in the pits of H.obscllrus 

and C.lanceola tus a large percentage of the larvae were 

"absent" from their pits and it is suggested that the 

larvae had move d deeper into the sand to avoid tIle high 

surface temperatures. This situation would correspond 

to that describe d by Green (1955) for £!.immaClllatus 

in which the larvae were absent from the pit base at 

", 0 t e Illp e ratul'es <~bove 40 C. 

IL shoult! be noLot! that in these observations on 
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the orientation of larvae within their pits n o results 

are given for the worm- lion, l.intermedia, since these 

larvae normally lie with their bodies stretched across 

the base of the pit and can therefore not be said to 

lie in any particular quadrant. S i milarly no r esul ts 

are given for ~.longicornis since these larvae do not 

construct pits. Two sets of results are, however, 

given for the larvae of M.obscurus because at each 

observation some of the pits were i n d i rect s unlight 

while other pits were in the shade . 

Th e orientation of the l arvae wi thin their pits 

is illustrated in Fig . 30, together with the mean 

temperatures recorded in the various quadrants o f the 

pits of each species . Each temperature represents the 

mean of 50 readings and is given to the nearest lOC o 

In addition, Fig. 30 shows the direction of the sun's 

rays for those pits which were exposed to direct sunlight . 

The pits illustrated in Fig. 30 may be divided into 

three categories on the basis of their exposure to 

direct sunlight. The first category included those 

pits which were completely shaded throughout the period 

of ouservation (~. ObSCtll' US, shade). In these pits the 

temperatures of the various quadrants never varied by 

o mor e than 3 C, although the t ,empe I'ature 0 f the pi'ts as 

a \\·hole rose from about. 23 0 C at 10 a.m. to aboul, 3~oC 

at. 2 p.m. The la,'vac Ker e near'ly eVBllly distriul~ed 

in all quaclranb; , except fO l' a s light. con cen'tratioll 

(37<) of LU'V;H: in toh" sout.h"l'J1 quadr~lllt at 2 p.m. 

Th e s econd cal",'(ory or pits included t .ho:,;c which lVel'C 
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exposed to direct sunlight for a limited period of time 

(~. medialis) . In these pits the sun warmed the western 

quadrant at 10 a.m. and resulted in a large concentration 

of larvae (45%) in this area. At noon the pits were no 

longer exposed to the sun and, although all the quadrants 

were at about the same temperature, the majority of the 

larvae (41~) remained in the western quadrant . By 2 p.m., 

however, the larvae were almost evenly distributed in all 

quadrants. The third category of pits included those which 

were exposed to sunlight throughout the experimental period 

( ~.obscurus, sun and ~.lanceolatus). In these pits at 

10 a.m. the highest temperatures (35-410 C) were recorded 

in the western and southern quadrants and a total of 63% 

(~.lanceolatus) and 70% (~.obscurus) of the larvae were 

found in these regions. This contrasted markedly with 

the results obtaine d at noon and 2 p.m. At noon the 

temperatures of the southern and western quadrants had risen 

to 46-520 C and only 13~ of the ~ .obscurus larvae and 20% of 

the ~.lanceolatus larvae were present in these quadrants. 

At 2 p.m. the eastern and southern quadrants were the 

warmest (49-55 0 C) and only 16% of the ~.,()bscurlls larvae and 

10% of the ~.lanceolatus larvae were present there. 

The results of these observations may be summa rised as 

follows. Early in t .lle day, if temperature gradients ",ere 

present in the pits, the larvae of all species were able 

·to orientate themselves so that they lay in the ",armest 

regions. If the pits "'Cl'e thcn shaded the l.:I1'VilC grauually 

s hifted t.h"il' positions unt.il they were evenly distribt,.tcecl 

ill all 'llladf'ants . Ie, hOl,evel', the pits con Linlledto be 
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exposed to direct sunlight, so that the temperature of 

o 
the warmest quadrant rose above about 46 C, then the 

majority of the larvae moved into coole r quadrants or 

withdrew entirely into the sand away from the ir pits. 

Ant-lion larvae in the field are therefore able to orientate 

themselves within their pits with res pect to t empera t ure . 

More detailed experiments On pit temperatures and 

larva l orientation were conducted in the laboratory. In 

these experiments indi vidual l a rvae \\'er e allowed to construct 

pi ts in plas -tic containe rs with a surface area of 20 cm 2
. 

and a de pth of 8 cm. The containers were heated from 

above with infra-red lights at various heights and angles 

of incidence, as des c ribed in Haterial and Methods. The 

lights were switched on for a p e riod of three hours, ~fter 

which time the temperatures of the v arious parts of each 

pit were taken . It should b e noted that, with the infra -

red ligh-ts at 900 no temperature gradients wer e present in 

the pits and, under thes e circumstances, this experiment 

acted as a control . o At angles of incidence of 60 and 

o 40 , however, the southern s i des of the pits were exposed 

to the infra-red light an d became warm, whereas the 

northern sides were in shadow and remained cool. The 

position of 20 individuals o f ea ch species was determined 

under each set of conditions. The results of these 

experiments are shown in Tables l8a and b. 

The temperatur e gradients recorded in the pi -ts 111 

this expe riment wer e cons iderubly 1~10r{.~ pf"onol1.nccd t,h an 

l~hc tCllll)C'l 'atuJ:'c gradients rccoJ:ded in the field ( sec 

Fig . 30) . This was ' lue to t ,lle fact thn t in t h e fj e 1 d 
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the general air tempe rature ros e considerably during 

the day, t hus warming the shaded sides of the pits, 

whereas in the labora t ory the air t e mperature r e mained 

+ ° almost constant at 1 8 - 3 C. A number of larvae died 

during these experiments and these mortalities have 

been indicated in parentheses in the tables. 

The res pons e s of the larvae of L.intermedia 

differe d considerably from those of the remaining species . 

When the lights were at a height of 60 cm. (Table l 8a ) 

and temperature gradients were present in the pits 

(angles of incidence of 60° and 40°) the larvae showed 

a preference for the cooler eastern and western quadrants. 

Very few larvae were found lying in a north-south 

direct ion since, a lthough the northern qua drant was 

cool (27°C), the southern quadrant was relatively warm 

(34°C). Whe n the lights we re lowere d to a heig ht of 

40 cm. (Table l 8b) 90% of the worm-lions died due to 

the fact that the lowes t temperatures recorded in the 

pits (3 6 ,9 - 42,3°C) were clos e to the upper lethal 

l imit for this species . Apart from one individual, 

the few surviving larvae h ad all withdrawn comple tely 

i nto the sand away from their pits. 

The rcsponses of the larvae o f ~.medialis , ~ . 

obscu r llS and C.lanccolatus werc all very s i milar. 

None of thcse specics showcd an y preference fOI' a 

particular quadrant in the abscilce of tcmperat •• rc gradi ents 

( angle of inciden ce 90°). I n the presence of temperature 

g l'adients al1([ 101" sane! teIllpe l'{ltllres all specics showed 

a marked prefer'ence fur the I,al'mel' sout.h c l'l1 qllacli·an t. 
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Very fel" larvae were found in the cool northern quadrant. 

In the presence of temperature gradien"ts and high sand 

temperatures (Table 19b) 23 ~.medialis larvae and 10 

ti.obscurus l arvae had withdrawn ent i re ly from their 

pits and buried themselves in the sand below their pits. 

The remaining larvae of these species were concentrated 

in the cooler northern quadrant . The larvae of C. 

lanceolatus, on the other hand, were all present in 

their pits and were found mainly in the eastern and 

western quadrants where the temperature was in the region 

of 44-500 C. It is probable that the larvae of this 

species would also have withdrawn into the sand away 

from their pits if the infra-red lights had been switched 

on for a longer period of time. 

These results therefore confirmed the field 

observations a nd showed that when the sand temperature 

was low, as it would be in the early morning, all the 

ant-lion larvae selected the warmest side of the pit, 

while the larvae of the wor-m-lion, L.intermedi~, 

selected slightly cooler areas. When the temperature 

was high the larvae of M.medialis and N.obscurus 

either se lected the coolest quadrant or withdrew entirely 

into thc sand, while the larvae of £.lanceolatus tended 

to select tcmperatures in the region of 44-50
0

C. The 

experimcnts thus indicated quite clear-ly that ant-lion 

larvae havc the apPl' opriat,e behavioul'al res pons es to 

avoid fatally high temperatures within thcir pits. 

They do n0 1; , hCJ\vcvcr, "ithclr<lIv into t-1w s.~llld "way i'l'OIll 

thcir pits un t il thc tcmpel'aturc' of Cllc conJcs L quadl "' ant 
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of the pit becomes too high. This may be explained 

by the fact that these insects can only catch prey 

when they are in their pi-cs and they therefore remain 

in their pits for as long as possible. 

In the fie ld, temperature gradients within the 

pits are always combined ,,,ith differences in light 

intensity . It has also been show~ (in the previous 

section of this work) that the l arvae can respond to 

light when selecting a pit building site. It therefore 

seemed probable that the larvae would orientate 

themselves within their pits with respect to light as 

well as temperature. This was investigated in the 

laboratory by exposing ant - lion larvae to lights of 

various intensities at two different angles of incidence . 

Angles of incidence of 900 and 400 were chosen for these 

experiments since it seemed possible that the larvae 

might be induced to burrow -into the sand away from their 

pits when the light was directly overhead, as it would 

be in the field at midday, while lights at an angle of 

40
0 

gave rise to marked shadows in the pits. In order 

to test the responses of the larvae to light at both 

high and lm,r sand temperatures the sand was maintained 

- 8 + 0 + 0 at a temperature of elther 1 - 3 C or 35 - 1 C. 

Groups of 20 larvae of M.mcdialis, M. obscurus 

and C. lanccolatlls wel'e used in each replicate of these 

expcriments_ The larvae were allowed 24 hours of 

normal labol'atory dayli ~~ht conditions -in which to cons trllct 

theil' pits, aft('.J' which they l,rerc exposed to the 

expcpimental lighting cOJiclition~; fo1' a period of three 
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hour's. 'I'he position of each individual within its 

pit was then determined. As in the previous experiments 

the direction from which the light was shining when at 

an angle of 400 was regarded as the northern quadrant. 

The results of these experiments are shown in 

Tables 19a-d . Table 19a shows that when the light 

was directly overhead and the sand temperature was low 

(18°e) the larvae of all species were evenly distributed 

in all quadrants. A similar result was obtained when 

o the sand temperature was raised to 35 e, as shown in 

Table 1 9b. None of the larvae burrowed into the sand 

away from their pits and it would'appear that this 

behaviour only occurs in response to high temperatures 

and not in response to light. 

Whe n the larvae were subjected to light at an angle 

o 0 
of 40 and a low sand temperature of 1 8 e (Table 19c) 

only the larvae of H.obscurus showed a significant 

response . The larvae of this species orientated 

themselves in the lighted southern quadrants o'f the 

pits when the light intensity was 14000 l ux. They 

did not respond to light of ],ower intensities . When 

the temperature of the sand was ra ised to 35°e (T ab l e 

19d) the larvae of YLmedialis moved into the sha ded 

northern quadr a nts at light intens ities of 1 200 lux 

and 14000 lux. No responbe was obtained from the 

larvae of £.In,,ccolHtus at Hlly li~ht intensity . Ti,e 

larvae o f :.I. ob ..... ;cnells shoh-ed .some indication of IIIoveme nt 

to t:;hc light southe!"n qtWdl';,lllts, but thes e rcsults "'BI'C 

not stnt.isticn.l.ly signi fica nt , 
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In general from these experiments it can be concluded, 

firstly, that the burrowing of ant-lion larvae into the 

sand away from their pits is only elicited in response 

to high temperatures and not in response to light. 

Secondly, the orientation of the larvae within their 

pits is primarily dependent on temperature gradients 

within the pits. Larvae of ~.medialis and ~.obscurus, 

however , did orientate themselves to some extent in 

respons e to light, but only at high light intensities. 

5,3 MOVENENT OF THE LARVAE IN VERTICAL TE~IPERATURE 

GRADI ENTS 

It has been shown that, when the temperature of the 

sand was relatively low (below about 46°C), ant-lion 

and worm-lion larvae were able to orientate then~elves 

within their pits with respect to temperature. Above 

this temperature the larvae withdrew entirely into the 

sand away from their pits . It has also been shown 

that considerable vertical temperature gradients were 

present in the sand in the natural habitat (section 

3,2) and it was observed that, at high surface sand 

tcmperatures, t .he larvae migrated downwal'ds a\,"ay from 

their pits. In order to investigate this further, the 

vcr"tic.J.l movement of myrmclcontid and rhagionid larvae 

in sand was studie d in the laboratory. It was not 

possible to study thc vertical movement of larvae in "the 
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field since no practical method could be found for 

determining the depth of the larvae without disturbing 

them. 

5,31 The establishment of vertical t e mperature gradients 

in sand columns 

In the laboratory, vertical temperature gradients 

were established in sand as described in Material and 

Methods. Two different types of sand were used in these 

experiments, white sea sand from the habitat of S . 

10ngicornis and fine black s a nd from the habitats of 

M.media1i s , M.obscurus and L.intermedia. The temperature 

of each type of sand was recorded at three hourly 

intervals, starting at 1 a .m . An extra rea.ding \Vas 

taken at 5 p.m. since the sand temperature changed rapidly 

at this time. A total of 10 readings of sand temperature, 

at various depths, was taken at each time of day. 

The tcmpera ·ture changes observed in the sand during 

these experiments can b e divided into four distinct 

phases. Firstly, the night phase from 8 p . m. to 6 a.m. 

when t he environment room was at 16°c and no external 

source of heat \Vas supplied to the sand. This 'wa s 

similar to the conditions f ound in the field at night. 

Secondly, the early morning phase from 6 a.m. to 9 a.m. 

whe n the temperature of the environment room rose to 

25 0 C, bu.t.; ·tllL: infra-red lig ht;s ha d not yet been s witched 

on. This cOI'f"espollded t o the situation in ·the fie ld 

\\'hcr e the sun hn"cl risen b ut.. W0.S not yc·t shining dircct-,ly 

\ 
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on the pits. Thirdly, the day-time phase from 9 a.m. 

to 5 p . m. when the sand was heated by the infra-red 

lights . Finally, the evening phase from 5 p.m. to 

8 p.m. when the infra-red lights and flourescent lights 

were switched off but the temperature of the environment 

o 0 room h ad not yet begun to drop from 25 C to 16 C. This 

corresponded to the field situation where the rays of 

the sun no longer reached the habitat but the sun had 

not yet set. It should be noted that the angle of 

incidence of the infra-red lights did not change during 

the day in the same way as the sun's rays. 

The difference between the laboratory and fie ld 

temperature gradients is illustrated in Fig. 31, where 

the laboratory results are compared with those obtained 

from the habitats of ~!.obscurus and ~.longicornis (see 

Fig. 21, section 3,2). The sand temperatures recorded 

in the laboratory during the "night" showed that both 

the sea sand and the black sand were at the same 

temperature as t h e air. That is, at a temperature of 

There were no temperature gradients in the sand. 

This differe d from the situation found in the natural 

habitat where the deeper layers of sand were always 

slightly warmer than the upper layers during the night. 

This difference llctwcen the laboratory and field results 

was cit", to t;h e fa ct that, in th e labo rat.o l'y, the lower 

layers of sand eOllld not be insula ted sufficiently to 

pet.ain their heat f or nny length of time, 1'hi:< 

diffel' enee W;lS, ho,,('\,(,1', not cOllsidel'cd to be of any 

grca1:~ lillpol~ tallce 8:Lnc.l..: in 'Lh e fie ld the maxi.mum tempcraiAll'c 
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gradients recorded in the sand at this time \~ere only 

about 20 e. 

During the early morning phase the sand in the 

laboratory rose to a temperature of 25°e, following the 

rise in temperature of the constant envir-onment room. 

In the f ield the deeper layers of sand did not respond 

quite so rapidly to the increase in ambient temperature. 

Very definite temperature gradients were present in both 

black and white sand in the laboratory during the day-

time phase. It was found, however, that the fine black 

sand reached slightly higher temperatures and retained 

its heat for slightly longer than the coarser sea sand. 

This difference was very slight and in all further 

experiments only sea sand was used. When these laboratory 

results were compared with the temperatut'e changes 

recorded in the natural habitat the most important 

difference was that, in the natural habitat the highest 

temperatures were recorded at about 1 p .m., after which 

time the temperature dropped sharply, while in the 

laboratory maximum temperatures were recorded at 3-5 p.m . 

and the temperature decrease wa.s more gradual, particularly 

in the deeper layers of sand. This difference may be 

explained by the fact that in the laboratory the infra -

r ed lights remained directly over the dishes of SBlld, 

whereas in the field the sun's rays became more and more 

oblique during the afternoon and the habitat was also 

s haded to !:JOIlH .. ~ extent by the sUr'rounding vegc1..,ation. 

The Slll'CaCC tCllIperatlll'c of the sand in these 

exp e f':i.ment .. ·:; and th e st.",' pJl es.s 0 f the gl'adients cou} d be 
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altered by lowering the infra-red lights . The effect 

of altering the height of the lights is shown in Fig. 

32, where the sand temperatures at noon are given. 

The noon results were used because marked temperature 

gradients were present at this time . Fig. 32 shows 

very clearly that, as the infra-red lights were lowered, 

both the temperature of the surface. sand and the 

temperature gradients within the sand increased . These 

data are used later in dealing with the upper temperature 

tolerance limits. 

Responses of the larvae to vertical temperature 

gradients 

Preliminary observations had indicated that large 

and small larvae might react diffe rently to temperature 

gradients, and in these experiments the insects were 

divided into two size groups , using the length of the 

body from the end of the abdomen-to the base of the 

mandibles as the criterion of size. Small larvae were 

those which had a body length of less than 15 mm. for 

b..intermedia, 12 mm . for £I.medialis, 9 mm. for £I.obscurus, 

14 mm. for ~.longicornis and 9 mm . for C . lanceolatus. 

Large larvae were those which had body lengths longer 

than the above. 20 l arge and 20 small individuals of 

each species were used. Each individual was subjectcd 

to a wholc range of snrfacc tcmperat-urcs from about 36°C 

to about 63°C over a pCI'iod of 10 (~ys, as dcscribcd in 

~l<1tcrial ant) ~ teUlO ()s . In addlLlon to thc infra-red 
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lights, light of about 14000 lux was provided between 

6 a.m . and 8 p . m. each day so that a normal activity 

cycle could take place. The depth of an individual 

larva of each species, the depth of its pit and the 

surface temperature of the sand was determined at three 

hourly intervals starting at 3 a . m. The position of 

each individual was only determined once each day since 

every time a reading was taken the larva was disturbed 

and its pit destroyed . The experiment was then repeated 

so that a total of 40 readings was obtained for each 

size group at each time of day . 

These experiments showed clearly that both ant-lion 

and worm-lion larvae moved downwards through the sand 

if the surface temperature was high. This is illustrated 

in Fig. 33, where the depth of the larvae at noon is shown. 

The noon results were chosen since at this time marked 

temperature gradients were present 1n the sand . It 

should be noted that these noon results included 40 larvae 

of each species at 10 different heights of the infra-

red lights (i.e. 400 readings for each size group). 

Fig. 33 shows that the higher the sarface 'temperature 

the deeper -the larvae were found. Large larvae 

generally moved deeper into the sand than smal l larvae. 

The r~c \.;as J however , considerable individual variat.ion 

in the depth at wh icll larvae were found at any pal'ticular 

surface temperatcllr'o. For example, large lar'YClc of 

o f. lancC!o]a tll. ,s , at a s Ul'face temperature of aboLtt 56 c, 
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larvae were within 2 cm_ of the surface. The exac·t 

depth at which they were found depended on the depth of 

the pits constructed by the larvae . Large larvae 

therefore remained in their pits at higher temperatures 

than small larvae because their pits were deeper and the 

rise in surface temperature did not affect them so rapidly . 

These results indicated that the larvae remained 

in their pits until the surface temperature of the sand 

rose above a critical level, between 40-50
0

C depending 

on the species. This is further illustrated in Figs . 

34a and b where the depth of the larvae at various times 

of the day is shown . These results were obtained with 

the infra-red lights at a height of about 30 cm_ Under 

these conditions the surface sand reached a maximum 

temperature of about 63°C during the day, and marked 

temperature gradients were present . 

Figs. 34a and b indicate that, until 9 a.m. , all the 

larvae were near the surface of the sand. As the 

temperature rose the larvae moved downwards . The larvae 

returned to the surface as the temperature dropped. 

None of the larvae started migrating downwards until 

the temperature began to rise and this indicates that 

the larvae were not moving downwa rds in response to a 

circadi an rhythm. 

Figs . 34a and b do not show the exact tempcrature at 

which movemcnt of the larvae began since the reading s 

wcre only taken at thr'ce hourly int.crvals, and no results 

wore obtaine d (luring the period o f sharp temperature 

l':Ls e (9 a.lll. too noon) and s harp t Clllpel'atur'e drop (6 p.m. 
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to 9 p. m. ). A further experiment was therefore p erformed 

using the larvae of ~.obscurus only . The responses 

of these larvae to vertical temperature gradients in 

sand were investigated in the same way as i n the previous 

experiment. Twenty large and twenty small individuals 

were used and the experiment repeated to give a total 

of 40 readings for each size group . The position of 

the l arvae was recorded once each day during the period 

8 a.m . to 9 p.m . , the recording time being 30 minutes 

later on each successive day. The results of this 

experiment are shown in Fig. 35, together with the 

temperature of the sand at various depths . The sand 

temperatures at a depth of 5,5 cm. are not shown since 

these tempe ratures were very similar to those recorded 

at a depth of 4,5 Col . 

Fig . 35 shm;s that both large and small larvae of 

~.obscurus began migrating downwards through the sand 

,,,hen the temperature of the surface sand reached about 

44°C and when the temperature at a depth of 1,5 cm . 

o reached 39 C. The small larvae continued to migrate 

downwards until they reached a depth of 3-4 em., where 

they remained until 5 p.m . During the period for 

which the larvae remained below the surface the temperature 

at a depth of 3,5 cm. was about 42 0 C. At 5 p.m. the 

small larvae bcg a Il to 1no '"0 back towards the surface 

although the temperat.,re ut a depth of 3,5 cm . remained 

high un t ,il nearly 7 p.m . Tho large larvae of ~l.obscurl~ 

also migT at c·.d dO\\'I1\\':l r'C1.S, l'cachillg a Dept h of 5,5 CIllo 

at about n(Jl)J1. They l'cmaineu at litis depth, at a 
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o temperature of about 39 C, until 5 p.m. The larvae 

then began to move towards the surface of the sand, 

although the temperature at a depth of 5,5 cm. was still 

high. Betlveen 7 p . m. and 8 p . m. all the larvae were 

very close to the surface and many were observed to be 

in the process of pit construction. After 8 p.m., when 

pit construction was completed, the depth at which the 

larvae were found increased slight l y . 

The above results suggest that the downward migration 

of the M.obscurus larvae was triggered so l ely by 

temperature. The return of t h e larvae t o t h e surface 

of the sand, on the other hand , w,as not cued by temperature 

but occurred at a particular time of day. The larvae 

returned to the surface at about 5 p. m. , a l though the 

temperature of the surface sand at that time was as high 

as the temperature which had caused the downward 

migration of the larvae earlier in the day . It should 

be noted that in the field the temperature of the surface 

sand would have been considerably lower at 5 p . m. than 

it was in the laboratory . Pit building activity, once 

the insects have returned to the surface of the sand, is 

controlled by an elldogenous circadian rhythm in the 

larvae of N.obs curus and it seemed likely that the daily 

migration throug h thc sand might be controlled by the 

same daily endogenous rhythm. Several experiments were 

performed in an attempt to verify this sug gestion. 

Thesc expcl'imc nt,s involved mainly thc lal'vae of t!. ob5c1Ir1l5 

but stlpplclIlentar'Y cxpel' imcllts wel'C perJ'ol'1l1ed on Ot;hCl' 

species where possible. 
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The first experiment in this series was based on 

the fact that if the downward migration of ant-lion 

larvae were endogenous it whould continue even when the 

temperature was sufficiently low to make such migration 

unnecessary. The depths of larvae of !:..interme dia , 

!:!.medialis, !:!.obscurus, §..longicornis and ~.lanceolatus 

were ther'efore determined at various times throughout 

the day at low temperatures and in t h e absence of 

temperature gradients. The experime nts we re perf ormed 

in a constant environment room at a temperature of 

25 + lOCo The depths o f 10 large and 10 small individuals 

of each s pecies were recorded once each day, the recording 

time being three hours later on each successive day. 

The r esults of this experiment showed no evidence of 

dowlHva rd migration in any species. This confirmed that 

movemen t of the larvae away from the surface o f the sand 

only took place in response to high temperatures . 

The second exper iment in this series was des i g n ed 

to invest i gate the factors controlling the upward 

movemcnt o f ant-lion larvae through the sand. Since 

previous work had shown that large and small larvae 

differed only in the depth to whi c h they migrated , and 

not in the times at which migr ation o c cur red , only large 

larva e of ~[. obs curu;; «e r e used 1n these experiments. A 

group of 20 lal"'vae "'as e xposed to high sand t.empe r atures 

from,) a.lll. to noon. During t his per iod t h e sand was 

hea ted \,i th in f rn-red lights. The depth of one larva 

\'las determined. every hOHr bct'hfccn 8 a < Ill . and 1 p . m. and 

eveI'Y 30 min1.rte.s Dl)t",!C,n 1.30 p.m. nnc! 8 p.m. The 
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experiment was then repeated until 10 sets of results 

had been obtained. The results are recorded in Fig; 

36, together with the temperature of the surface sand 

and sand at a depth of 5,5 cm. 

Fig. 36 shows that the ant-lion larvae moved downwards 

through the sand as the surface temperature increased. 

It was noted that they continued to move downwards after 

noon although the surface of the sand was no longer 

being heated. The temperature of the sand at a depth 

of 5,5 cm. was, however, still rising slightly . This 

was probably due to the conduction of heat from the 

warmer upper layers of sand. The larvae remained at 

a depth of 5,5 cm. until 5 p . m., although by 4 p.m . the 

temperature at this depth had fallen to 25°C. These 

results therefore show that the upward movement of the 

ant-lion larvae was independent of sand temperature. 

These results were confirmed in an exper'iment in 

which the heating of the sand was continued unti l 8 p.m. 

Under these conditions, if the larvae were responding 

purely to sand temperatures, one might expect their 

return to the surface to be delayed until after 8 p.m. 

As in the previous cxperiment 20 large ~.obscurus larvae 

were used, the position of one individual being determined 

at hourly intervals between 9 a.m. and 4 p.m . and at 

30 minute intervals between 4 p.m. and 10 p.m. The 

experiment was then repeated until 10 sets of resul ts 

had been obtaincd. The results arc shown in Fig. 37, 

toget;her- ,,'ith t ·be tempC'l'at.ul'e of thc salH[ at various 

depth.,;. 
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The larvae, a s shown in Fig. 37, mi.grated downwards 

through the sand as the temperature increased until they 

reached a depth of about 5,5 cm. They remained at 

this depth until about 5 p.m. when they showed slight 

upward movement. During the period 6 p.m. to 8 p.m. 

the l a rvae were found mainly at a depth of 3-4 cm. , 

although sonte larvae were found at 1-2 cm . and others 

at 6-7 cm. This indicated that considerable movement 

of the larvae was taking place in both an upward and a 

downward direction. This suggested that the larvae 

were highly active after 5 p.m . but were prevented from 

reaching the surface of the sand by the very high 

temperatures. After 9 p.m., when the temperature of 

the surface sand h ad dropped considerably, all the larvae 

moved to the surface ,~here they we r e observed to construct 

pits. 

These e xperiments all showed that the upward 

movement of H.obscurus larvae to the surface of the sand 

was con·trolled by t h e normal circadian activity rhythm. 

Chane-es in t.he time of this activity rhythm would 

therefore produce changes in the time at which the larvae 

returned to the surface. This was confirme d experimentally. 

25 large larvae of ~l. obscurus were maintained f or two 

weeks in a light-dark regimc in which the light of 1500 

lux waS s,.itchcd on from 10 p.m. to 2 p.m. the fo llowing 

day. Activity thus occurrcd just at the start of t h e 

dark phase at 2 p.,". These larvae were then placed in 

sand wh i ch was heated from ') a . m. to !loon and t.he depth 

of one intIi yidual ,,,as determi ned every 30 minutes between 
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8 a.m. and 9 p.m. over a period of 10 days . Th e results 

are shown in Fig. 38 and it can be seen that the larvae 

migrated downwards in the usual way between 10 a . m. and 

1 p.m. At 2 p.m . , however, the larvae began to move 

upwards through the sand at a time corresponding to their 

new induced activity period. All the larvae had reached 

the surface before 5 p.m . Thus it can be seen that a 

change in the daily activity rhythm of the larvae of 

M.obscurus produced a corresponding change in the time 

at which these larvae moved upwards through the sand. 

The daily responses of ~.obscurus to temperature 

may thus be summarised as follows . In the morning all 

the larvae were at the base of their pits near the 

surface of t he sand . If the temperature of the sand 

remained low the larvae remained in their pits throughout, 

the' day i"here they were able to catch prey . Under 

these conditions the larvae orientated themselves within 

their pits so that they were in the warmest reg ions of 

the pit early in the day, and in the cooler regions of 

the pit later in the day. If the temperature of the 

surface sand rose above about 46°C the larvae migrated 

downwards away from their pits into cooler areas of sand. 

They remained belo\\" the surface until about 5 p.m. when 

a general increase in activity due to the cndogenous 

circadian activity rhythm caused them to move back 

tOlvards the surface, where they reconstructed toheir pits. 

These gencl'alitics apply to all the other nnt-lion 

larvae- invc,-; tigated but do not a pply to the lal'vae of the 

wor'Ill-lion L. intcPlllc{lia. Wor-Ill-lion larva e move uo,,,"n\.'al'(ls 
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into the sand away from their pits at very much Im,er 

t emperatures and, since these larvae do not possess 

a marked daily activity rhythm, their return to t he 

surface is probably a direct response to tempe r a ture. 

Not enough worm-lion larvae were available to investigate 

this suggestion experimentally. 

5,33 Upper temperature tolerance limits 

Although no specific experiments were performed to 

determine the upper temperature tolerances of the various 

species this information can be deduced from data 

presented above. The data which are relevant to a 

determination of temperature tolerances are;(a) those 

from noon to 3 p.m. when distinct temperature gradients 

were present in the sand, (b) those in which the s urface 

o sand tempe rature rose above 40 C. At surface temperatures 

of l ess than 4 00 C the l arvae of a ll species r emained 

within their pits or on the surface of the sand. Thus 

the data used to determine temperature toleran ces was 

obtaine d from Figs. 32 and 33 and include d 40 large and 

40 small individuals of each species at noon and at 3 p.m. 

The infra-red lights in these experiments were at six 

different heights between about 4 4 cm. and 30 cm. 

This gave a total o f 4 8 0 readings for each size group. 

The results arc shown in fig . 39. 

It, can be seen £r'om Fig. 39 that .s lIIall ant-lion and 

WOl'nl-l iOll lil.l'vae had a ~J.i~htl'y hig lle r "tempcratltPc 

tolerance than laI' ~~et" indiv:i cluals. This was pI'oba1.Jly 
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due to the fact that smaller individuals were not able 

to move to as great a depth as large individuals. The 

lowest temperature tolerance was shown by the larvae of 

the worm- lion 1::. . intermedia, which were found mainly in 

the range 34 - 38°C. No individuals of this species were 

o ever found at temperatures above 42 C. A slightly 

higher temperature tolerance of 38-40oC was shown by the 

larvae of ~.medialis, while the larvae of M.obscurus 

and C.lanceolatus were both found mainly in the range 

Finally, the larvae of ~ . longicornis were 

found mainly in the range 38 - 420 C. Apart from the 

larvae of 1::.. intermedia, therefore" the upper temperature 

tolerances of the various species were very similar. 

This result is suprising in view of the considerable 

differences in the upper lethal temperatures of the various 

species (Fig. 26, section 4,1). The larvae would, 

however, seldom be subjected to temperatures near their 

uppe r l ethal limit provided that the sand was deep 

enough to enable them to migrate downwards away from 

their pits. 

~4 RESPO XSES OF THE LARVAE TO SAXD DEPTH 

The larv[lc of myrmelc.ontids and rhn gionids have be e n 

shown t ,o move do,;n thJ'oug h the sand in respons e to 

tClllpcraturc g r'odicnts. This response is obviously very 

impoI'taIlt in cnsur'illg their s Ul 'vival .in the fi(~ld \vhere 
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the temperature of the surface sand may weI] rise above 

their upper lethal temperature limits. It was therefore 

decided to determine whether or not the larvae were 

able to select sand which was deep enough to enable 

them to make use of their vertical migration behaviour. 

A number of experiments were performed in the l aboratory 

to determine whether or not the various species of 

ant-lions and worm-lions showed a preference for any 

particular depth of sand in which to build their pits 

or lie in wait for their prey . 

In preliminary experiments a choice chamber was 

used in which the depth of the sand varied from 1 cm . 

at the "shallow" end to 15 cm. at the "deep" end. This 

increase in depth took place over a hori.zontal distance 

of 50 cm. The sand in this choice chamber was marked 

off into five blocks in which the depth ranged from 

1 - 3 cm., 4 - 6 ern ., 7-9 cm . , 10-12 cm . and 13-15 cm. 

respect ively . One individual was placed in the centre 

of each sand block at the start of the cxperiment. The 

larvae were allowed 48 hours in which to construct their 

pits under normal laboratory daylight condition s and a 

8 + 0 temperature of 1 · - 3 C . After this time the position 

o f each pit was noted and the depth at which it was 

constructed was measured . In experiments involving 

the non-pit-building ant - lion ~.lon,"i corni3 the choice 

chamber was divided into 10 cm. intervals witl, pieces of 

stiff Ci1l'c! before location of Ule lal'vae took place, 

The expcl'iJllcnt was l'eplicat;<ec[ until a total of 16 larvae 

of each specie=:> had been use d. 
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It was found, in this experiment, that the majority 

of the larvae remained in the positions in which they 

had been placed. Occasionally a larva moved from its 

original position but these movements did not follow 

any particular pattern . At times the movement was from 

the "shallow" end to the "deep" end, while in other 

cases it took place in the reverse direction. These 

experiments therefore indicated that at low sand 

temperatures the larvae did not select any particular 

sand depth in which to construct their pits. Under 

t ·hese conditions, however, ·the larvae did not show any 

clowl11,ard migration through the sand and it seemed possible 

that high sand temperatures might be required to 

stimulate the larvae to move away from shallow pit· building 

sites. The efEec·t of temperature on sand depth selection 

was therefore investigated. 

In these experiments the sand in the choice chamber 

was heated from above by infra-red lights which were 

switched on fronl 9 a.m. to 5 p . m. each day. This 

allowed pit construction to take place at dusk in the 

normal manner. The temperature of the surface sand, 

at noon,-··· uncler these conditions was 52 ± 20 C. 16 

individuals of cach species were allowed to construct 

thcir pits ovcr a period of 48 hours, after which time 

the dept h of thc sand in which each larva was found was 

detcrmined. 

The results of this experiment sholved no evidence 

of movement 01' ·the lapvae too any parcieul<>r dcp·th of si.il1d 

and appciu'ed to iJldicat~e thJ.i., myrmcleollti {l and rhagionid 
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larvae were not able to select sand of any particular 

depth. In an attempt to confirm these results a second 

choice chamber was constructed. The floor of this 

chamber was stepped so that, when the container was 

filled with sand, the depth of the sand in one half of 

the choice chamber was 20 cm., while the depth of the 

sand in the other half was 

area of the chamber was 70 

only 1 

2 cm . 

cm. The total surface 

Three individuals were 

placed at each depth and allowed to construct pits under 

normal laboratory daylight conditions and a temperature 

of IS :!: ,3°e. After four days the position of each 

pit was noted. In t ·he case of the non-pit-building 

larvae a cardboard division was placed in the sand on 

the edge of the step before the positions of the larvae 

were determined. The experiment waS repeated until. 

l.2 individuals of each species had bee n used. The 

responses of a further 12 individuals of each species 

,,,ere then tested under conditions of high sand temperature. 

The choice chamber was heated from above with infra-red 

lights between 9 a.m. and 5 p.m. so that the temperature 

a of the surface sand at noon was about 52 e. 

of thes_e expel'iments are shown in Table 20. 

The results 

Table 20 shows that very little movemcnt of the 

lal'vae took place. No si~nificant movemcnt of the larvae 

took place ,~hen the t emperaturc of the sand ,,,as ISoe. 

When the sand temperature was 52 0
e only the larvae of 

H. media lis s hOl"cd a significant moveme.nt [l'o m the 

5I1al1m,' to t.he deeper' sand. The larvae or ~. illt.el" lIled:La, 

}\I . oh~ C'lll'US Sllowcd soniC tendcllcy to 
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move to deeper sand but these results were not statistically 

significant. The results of these experiments were 

not conclusive due to the small number of larvae involved. 

No further larvae were available for this work and it 

is possible that the larvae may be stimulated by high 

temperatures to construct their pits in deeper sand. 

It seems unlikely, however, that this factor would be 

of any great importance in the field especially as the 

larvae of all species, except ~.longicornis which lives 

in the coastal sand dunes, inhabit isolated pockets of 

sand in which only slight variations in sand depth 

would be available. 
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6. WATER RELATIONS 

Ant-lion and worm-lion larvae are only able to 

construct pits in dry sand and it is probable tha"t 

during the warmer months of the year, Khen the sand in 

which they live gets very hot, desiccation might be a 

serious problem. It should, however, be borne in mind 

that all species live below the surface of the sand 

where the humidity would be considerably higher than in 

the surface layers of sand . Edney (1958), f or example, 

showed that in the Algerian desert the humidity in a 

woodlouse hole never fell below 80% relative humidity 

at a depth of two inches, while the air immediately 

outside the hole fel l to below 20%RH. Although the 

conditions recorded in a woodlouse hole ,,,ould not be 

the same as living directly in the sand these results do 

give some indication of the differences in humidity 

which could occur over relatively short distances in the 

sand. Clouds ley-Thompson (1962b and 1967a) has also 

indicated that, in temperate regions , the humidity 

below the surface of sand is generally high. No actual 

measurements of sand humidity were taken during the 

present investigation due to the lack of a suitable 

method, although a ttoempts we re made to measure the 

rc la ti vc humidity u:; ing ,,:eir;lLLllg methods. 

\iCrC, ilo,~cvcr , unsucc e ssful. 

A number of experiments on the watcr relations of 
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myrmeleontid and rhagionid larvae were performed in the 

laboratory in an attempt to determine whethe r these 

larvae obtain sufficient water from their prey, or whether 

they are reliant on free water or high atmospheric 

humidi ty for their s urvival. Experiments were also 

performed to determine whether the interaction betMeen 

temperature and humidity is of importance in the biology 

of these animals. 

Initially, experiments were per f ormed to determine 

the rate of water loss and the resistance to desiccation 

of the various ant-lion and worm-lion species. All 

the larvae used in this work were subjected to a 

standard pretreatment. They were 

for seven days at a temperature of 

kept in the laboratory 

18 ~ 30 e, and each 

fed one ant a day during the first six days. The one 

day period o f starvation before the start of the 

experiments was necessary because, although ant-l ion 

larvae are unable to defaecate due to the fact that the 

midgut and hind gut are not continuous (Imms, 1957; 

Bushinger and Bongers , 1 96 9), they h ave been observe d 

to excret;e considerable quantities of urine immediately 

after a meal. Such excreti.on during the cours e of an 

experime nt "ould lead to inaccurate est imates of weight 

loss. All the larvae we re starved dur ing the course of 

the expe riments . 

After t he period of p,'et,r e atment, 30 large, fin al 

instal', ].~t rvac of CI1Ch sp~cics WCl'e placed in a desiccator' 

conta i.llin~ si J.ica gc l$ 
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both the container and the gauze having been found to 

be non -hygroscopj,c . The desiccator was then placed 

+ 0 in an incubator at a temperature of 32 - 1 C and the 

containers ,vi th their' enclosed larvae were weighed at 

noon each day until three days after the death of the 

last larva . Weighings were only performed once a day 

since the rate of water loss from these animals was 

extremely low and because frequent opening of the 

desiccator caused large variations of the humidity within 

it. It was found that about 15 minutes were required 

for the humidity to stabilize after the desiccator had 

been opened for three minutes . 

The results of this experiment, which a r e shown in 

Tables 21a and b, indicate that the mean survival time 

for all species ,,'as at least 24 days. Death after this 

time was not due to starvation as it was found that the 

larvae would survive 'without food for at leas't 50 days 

under normal laboratory conditions. During the 

experiment t he larvae lost between 21-33% of their 

original body ,,,eight. 

Table 21b shows that there was no significant 

difference between the survival ,times of ,the larvae of 

L .intcrmedia and (oJ.medialis. - - Both these species, which 

live in relatively cool sheltered habitats, survived for 

signi i icant.ly les s ·time than. the larvae of H. obscurus 

and £,.l<1nce o lntll s , ,,,hich live in mOl'e exposed habit.ats. 

There IVas no s ignifican t di (-' fcrence between the survival 

times of ~l. ob .~" ("lit'L\'--; and C . 1an c... co l ~ltll .' ;. The J."rvne of 
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for significantly less time than the larvae of M.obscurus 

and £.~anceolatu~ but did not survive for significantly 

longer than the larvae of L. intermedi a and M.medialis. 

With respect to weight loss , Tables 21a and b show 

that the larvae of L.intermedia, which live in the coolest 

habitats, had lost a n average of 21% of their body 

weight at the time of death. This was signifi cantly 

less than the weight loss recorded in any othe r species . 

(It should be noted. that t .h e percentage weight loss fo r 

these specics was normally distributed which justified 

the us e of a conventional "Student 's ttl test). The 

larvae of t! . mcdiali2 lost 23,3% of their body weight and 

this value was significantly different from the loss 

recorded in any other species . A statistically significant 

result was also obtained for the larvae of ~ . longicornis 

whi ch lost 28,3),: of their body weight. Finally, the 

l arvae of ~.obscurus and £ .lanceolatu~ lost 33,2% and 

31,9;: of their body weight r espective ly . These results 

did not d.i ffer s igni f icantly from one anothe,- . From 

these results it is clear that l arvae which inhabit 

cool sha dy placco" tole r ate a smaller loss of body weight 

than larvae iroln warmer llabitats. 

The results of the above cxpel'iment are sho\,n in 

more detail in Fig. 40, "here the mean dai ly wcight l oss 

for each species is ShOWll. The most obvious feature of 

Fig. 40 is that. all specie,s lost weight. most rapidly 

dur·in:.; the fiJ·s ·t 4-6 ciay," o f tlJe experime nt. This \,'as 

p eobably dllC' to t.he f a ct t.ltat t. lw 1"rv<l0 werC' mope "ct;ivc 

" . . " 



-101-

After the first 4-6 days the rate of water loss generally 

remained fairly constant until just before the death of 

the larvae, when a slight decrease in weight loss was 

noted. This decrease in weight loss was probably due 

to the fact that ·the larvae were less active before they 

died and some of the larvae appeared to be in a state 

of coma. After the time of death the rate of water 

loss rose noticeably. Although the water loss of all 

species followed similar trends the actual amount of 

weight lost per day varied greatly from species to 

species. These differences in actual weight loss can, 

however, not be compared directly due to the different 

sizes of the various species. For example, the larvae 

o f §..longicornis lost considerably more weight per day 

than the larvae of H. obscurus but, when their relative 

sizes are taken into account, it is found that the 

larvae of H.obscurus actually lost a greater percentage 

of their body weight than the larvae of §..longicornis 

(see Tables 21a and b). This is also illustrated 

graphically in Fig. 41 where the mean daily weight loss 

is expressed as a percentage of the body weight. In 

all species the percentage loss of body ",eight increased 

rapidly after the death of t;hc animals, suggesting an 

active control of ",ater loss in thc living animals. 

Furthcrmore, t;hc percentage of body ",eight lost before 

death did not increasc as t;he weight of the larvae 

decreased. It scems possible that this control of 

'vater loss in the li \~ing- animals Has clue la!'gc ly to 

C10Stll'G of t ,hc spiracle.s, since it has been show!1 that 
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shortly before death, when the larvae were inactive or 

comatose, the wcight loss was low. 

The methods used in the above experiments have a 

number of shortcomings. Firstly, all weig ht losses 

wer e r ecorded as a loss in the fresh weight of the 

animals and, since the larvae were starved during the 

experiment, the loss in weight certainally included a 

loss of dry weight due to the metabolism of the animals. 

Meats (1967), howe ver, has shown that in Tipula oleracea 

the dry weight loss was only about 4% of the original 

fresh weight. He therefore concluded that dry weight 

loss was an insignificant component of fresh weight loss . 

The survival time of !.oleracea was , however, extremely 

short and in the present investigation where the larvae 

survived for a prolonged period of time a greater loss 

of dry weight would b e expected. For comparisons 

between the various species ., however, total weight loss 

may be regarded as a measure o f water loss. 

A further criticism which might be l evelled at this 

work is t,he use of a still air desiccator, since it has 

been pointed out by Ramsay (1935) tllat such a system 

is both vapour and membrane limited. The animals used 

in this s tudy were, however, very small in comparison 

wi tit UIC sizc of the desiccators a nd lost water very 

slo,,,ly s o that the effcct of the vapour lilllited system 

may be re~arde(l as ncgligillie. 

Finally, it has been shown by many workers such as 

Ilccg (10()7) that the si:cc oC the animals allcl ·the stage 

within an i.IlsioDI' may gl 'ciltly "ffect thc I'ate o f Hater 
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loss from insects. In this study all the larvae used 

were in the final instar but their stage within the 

ins tar could not readily be determine d and this factor 

may have give n rise to some of the variability recorded, 

but the large sample number (30) was probably sufficient 

to minimise this effect . 

The experiments on water loss were carried out at a 

relatively low temperature which was well within the 

normal tolerance limits of the various species . At 

such low temperatures the larvae would not need to 

evaporate water in order to cool themselves. At higher 

temperatures, near the lethal limit for each species, 

however, the larvae might lose more water. This 

question is of particular importance since, in the 

natural habitat, dry periods are generally ass ociated 

with high day-time temperatures . The effect of high 

temperature on water loss was the refore investigated in 

the labol'atory. 

The temperatures used in these experiments depended 

on the species an d were s uch as to allow the larvae to 

survive f or a period of at l east 20 days. The mean 

weig ht of 30 individuals of e ach species was recorded 

over a period of 1 0 days during which time the larvae 

were maintained in desiccators at O~ RH. The rates 

of water' loss were then compa l'ed with the rates of water 

loss recol'd e d a t low temperatures. 

s]10wn in Table 22, 

The results are 

From Table 22 it can b e seen that there was no 

signi ficilnt die I.'c l'cnce b(,twccil thc weigh t 1o,,, t, at low 
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tempcrature or at high temperature in any species. It 

was therefore concluded that rhagionid and myrmeleontid 

larvae lose very little water by evaporation, even at 

temperatures close to their upper lethal limit. This 

confirms the suggestion (see section 4,3) that the 

larvae make very little use of evaporative cooling at 

'high temperatures. 

A further aspect of the problem of desiccation 

Both which must be considered is that of water uptake. 

ant-lion and worm-lion larvae i ngest their food in 

liquid form, since both groups employ extra - i n testinal 

digestion. Thus, provided that food is p lentiful, 

sufficient wa te r would be obtained in this way. In 

times of food shortage , however, other methods of water 

uptake might b e us e d. It is, for example, well known 

that many i nsects are able to take up atmospheric water 

if placed in high relat ive humidities . The uptake of 

wate r at high relative humidities has been reported by 

many authors including Mellanby (1932), Edney (1966) 

and Noble - Nesbitt (1970a and b). It seems possible 

that a similar mechanis m might b e used by a nt-lions and 

worm-lions since there is no evidence of these insects 

drinking free water. 

The larvae usc d in these experiments were all 

subj celcd to a standard pretreatmcnt. Each larva was 

fcd one ant a clay for scven days, after which time they 

werc sta,' ved for a furtllcr seven days. Durjng the 

pcriod of .starvation all the larvae wcre kept in a 

desicc ato r at a temperature of 32 ± lOCo 20 jndividuals 
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of each species were then weighed and placed in atmospheres 

with relative humidities of 96% or 98 % at a temperature 

of 25 : lOC o These humidities were obtained us i ng 

salt solutions described by Winston and Bates (1960) . 

Saturated atmospheres were not used due to the difficulty" 

of eliminating free liquid water . Relative humidi ties 

of 96 % and 98 % should be amply high to allow for water 

uptake since Edney (1966) has shown that for Arenivaga 

the lower l imit for water absorption is 82% RH , whi le 

Noble-Nesbitt (1970b) has shown that Thermobia domestica 

can absorb water down to 50% RH . Th e humi dities used 

in these experiments were measured by means of cobalt 

thio cyanate paper. After 24 hours at high humidity all 

the larvae were relve ighed and their change in weight 

calculated. A period of 24 hours for the animals to 

take up water is more than adequate since in the field 

the larvae are only subjected to high humidities for 

less than 12 hour periods at night . 

The res ults o f this experiment indicated that there 

was no significant change in weight 1n any species and 

this is illustrated in Table 23, where the r esults for 

98% relative humidity are given. The larvae do, 

therefore, not absorb atmospheric water over a period 

o f 24 hour"s and it seems unlikely that they would do so 

if left [o r longer periods of time , The larvae of 

.!:. intcl'll1r.dia, 2..!..Ill~di<tl. i '':;J ~ .lon .gicol"nis and ~.lanceolatlls 

s howed a slight incrc a"e in weight I,"hicJ, \,as probably 

due to Lbe atborpti o n of ,,'ate r onto "th e cuLicle of these 

insects . Th e L1l'"ae o f ~,OhSCll! 'I! "-:', on the ot!",,, hand, 
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showed a slight decrease in weight. This weight loss 

was probably due to sand grains falling off larvae which 

had been insufficiently cleaned prior to the experiment 

or to general metabolic weight loss. A number of 

other arthropods have also been shown to lack the ability 

to absorb atmospheric water, and these include the 

cockroaches Periplaneta and Blatta (Edney, 1967b), the 

desert dwelling beetles Eleodes armata and Cryptoglossa 

verrucosa (Ahearn and Hadley, 1969), and the desert 

scorpion Hadrurus arizonensis (Hadley, 1970). 

To summarise, the work on the water relations of 

myrmeleontid and rhagionid larvae s hows that all the 

species investigated were extremely resistant to 

desiccation and could live for prolonged periods of 

time in completely dry air. Water loss did not increase 

at temperatures near the upper lethal limit. Finally, 

water was not absorbed directly from the atmosphere, 

even at high relative humidities. The main source 

of water gain must therefore be the food which has been 

sho,Vl1 by Youthed and Horan (196 9b ) to be extremely 

plentifu l in ant-lion habitats, although the possibility 

of the larvae drinking free water during rainy periods 

cannot be excluded. 
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7. DISCUSSION AND CONCLUSIONS 

The present investigation of the larval microhabitats 

of four species of Myrme1eontidae and one species of 

Rhagionidae showed that these species were confined 

exclusively to areas of dry sand. The microhabitats 

of the different species varied considerably with respect 

to temperature. They ranged from relatively sheltered, 

thermally stable, habitats to those which were exposed 

and therefore experienced more extreme temperatures. 

The habitats may be arranged in order of severity as 

follows: ~.intermedia, ~.media1is, ~.obscurus, S . 

10ng ico rnis and C.lanceolatus. _ These habitats may be 

compared in some respects with deserts. Although, at 

present, . there does not appear to be any standard 

definition of exactly what constitutes a desert,it is 

generally agreed (Buxton, 1923; Williams, 1954; Kirmiz, 

1962) that one of the main characteristics of a desert 

climate is the existence of great diurnal f luctuations 

in tempera-ture. For example, Buxton (1923) states that 

in the Algerian Sahara the daily range in air temperature 

during summer is of the order of 29°C. This may be 

com[J<:,r e d with -the ranges of about l3°C recorded in the 

habitat of ~.intcrmcdi~, 24°C for ~.media1i~, 33°C for 

~.obsellrus, 36°C for §..longiC'ornis and 3SoC for f.. 

In!lccolat.lls. Thc higher ranges recorded in this study 

might be clue -t o thc fact -that these readings wel'e taken 

just above the -sur-filce of the sand (at a height of 1 cm.) 

I -
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whereas the temperatures recorded in the Sahara were 

obtained from a standard meteorological screen. With 

respect to surface sand temperatures, Buxton (1924) 

states that, during summer in Palestine the surface 

temperature is about SS-62 0 e. These temperatures are 

similar to the maximum temperatures recorded in ant - lion 

h b 't t h' h ' from sooe to 6soe . a ~ a s, w ~c rangea The maximum 

surface temperature recorded in the habitat of the 

worm-lion !::,intermedia, on the othel' hand, was only 

During the course of this work it was observed that 

neither ant-lion nor worm-lion larvae were able to 

construct pits, or capture prey, unless the surface sand 

was dry and desiccation would, . therefore, be expected to 

pose a serious pl'oblem in the survival of these animals. 

It was found, however, that all species had an exceptionally 

low rate of water loss and could survive desiccation for 

prolonged periods of time . The ability of ant-lion 

and worm-lion larvae to withstand desiccation may be 

comparcd with desert insects. Although there is a 

considerable amount of literature available on the 

water relations of des e rt arthropods, including the 

works of Edney (1967a, 1971a), eloudsley-Thompson (1 967b), 

Ahearn and Hadley (1969), Ahearn (1970) and Hadley (1970), 

there i s little on the total l e ngth of time for which 

des c rj~ dwelling insccts can survivc under conditions of 

low , 'elative humidity, 01' on the ir total water loss at 

the t .imc of dea th, The few references whicl] are 

availublc huve he cll s UJlllna"is e d in Table 24, tog ether 
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with the results recorded from the present investigation. 

Table 24 shows clearly that the mean survival time 

of all the ant-lion and worm-lion species investigated 

equalled or exceeded that of desert insects. Although 

only the mean survival times are quoted in the literature 

and no references are available on the maximum recorded 

survival times, the maximum values of 33 to 46 days 

recorded in this investigation appear remarkable. In 

Table 24 the mean survival times of 9-24 days and 15-24 

days recorded by El Rayah (1970b) for Adesmia antiqua 

and Pimelia grandis were dependent on the size of the 

insects. He found that larger individuals survived 

for longer periods of time than smaller individuals . 

It is probable that this effect was due to the larger 

surface to volume ratio, and hence greater rate of water 

loss, of the smaller individuals. A number of other 

workers, such as Edney (197la), have stressed the effect 

o f size on water loss. Although only large individuals 

were used in the present investigation it is likely that 

a similar size effect would be fow1d i f ·che different 

sizes were take n into account. 

Table 24 also shows that, despite their longer 

survival time, ant-lion and worm-lion larvae did not 

lose a greate r percentage of their body weight than 

desert insects. This is a clear indication that the 

larvae of ant - lions and ~or'm-lions have an exceptionally 

effic icn-l wa te r cons e rving me ch a nism. This is borne 

out by the VCl'y 10'" l' :l ·tes of ",,,tel' loss which we re 

re e ol ' dect in this s t udy . F,'O'" the liter ature, the r:rce 
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at which water is lost by v~rious insects has been 

expressed in a number of different ways, which leads to 

difficulty in making comparisons between various species . 

In the present investigation all results were expressed 

as the percentage loss of fresh body weight because this 

is the form in which the water loss of many desert 

insects has been expressed. I n Table 25 the rates of 

water loss of ant-lions and worm-lions are compared wi th 

the rates recorded for a number of desert insects. 

Si nce all these animals lose weight very slowly the mean 

loss per day has been used as a basis for comparison 

rather than the mean loss per hour. . 

Table 25 shows that t he a n t - lion and worm- l ion 

larvae lost less weight per day than any of the other 

species. These resu·lts may, however, be slightly 

misleading since the majority of other workers only 

recorded weight loss over a relatively short period of 

time and the present inves tigation has shown that, due 

to increased activity, the rate of water loss may be at 

its highest during the f irst few days of an experiment. 

A similar r esult has been recorded by Edney (1971a) who 

showe d a decrease in weight loss on successive days in 

Edney found that these insects lost 

1, 2~ of their original body weight on the first day and 

only 0, 8 ~: on the fifL h day. 

One problem which SllOUld be considered in relation 

to the l'ate of 'vater loss is that of abrasion by dust. 

It is I\el l knO\\11 (llealllcnt, 1(45) tha·t dust abrades the 

waterproofing laycl' on "the cuticle of many ins ects giving 
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rise to a great increase in transpiration. This 

phenomenon has also been reported in a number o f other 

arthropods . Davies and Edney (1952), for example, 

recorded a s ix fold increase in evaporation from spiders 

whe n abraded by dust, while Ha fez et al (1970 ) r ecorded 

a marked increase in the transpiration of abrade d desert 

ticks. It would therefore be expected that ant-lions 

and wo rm-lions which live b e low the surface of ·the sand 

would be constantly abraded. Such abrasion may be 

preven ted by the large number of hairs covering the 

bodies of ant -lion larvae, but this seems unlikely since 

considerable amounts of dust are always pres e nt at the 

base of these hairs. Worm-lions possess very few 

hairs which could protect them in this way. A further 

pos s ibility is that the wax layer of the cuticle is 

very r apidly r epaire d as has b een shown by Edney (196 6 ) 

for Arenivaga. Hafe z et al (1970) h ave also shown 

that the ticks Hval,-,o;.::tn:.::m",a::. drotne darii and Ornithodoros 

savignyi could re-establish most of their cuticular 

imp e rmeability to water on the first day after abrasion 

if kept at 96~~ RH. The cuticular impermeability was, 

however, never complet ely restored in either species. 

Thes e workers als o showed that the greater the cuticular 

abrasion the l e ss the ability of the ticks to recover 

their i nitia l impermeability. Such a regene rative 

proce."s seems unlikely to o ccur in ant-lion and wo rm-

lion J.arvac as an allnost continuous secretion o f watcr-

proofing material would then be required. A mor e 

li.kely explana tion of the very efficient water conserving 
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mechanism of these sand dwelling insects is that their 

epicuticular wax layer is protected by a layer of very 

resistant cement. The presence of epicuticular cement 

layers is well known in insects (Wigglesworth, 1965) 

and it seems likely that these layers may in some cases 

be resistant to abrasion. For example, Hafez et al 

(1970) have s hown that the ticks !i..dromedar' i:i,. and O. 

savignyi were not abraded ",hen merely shaken up in a 

tube with dust. It was necessary to rub the animals with 

dust before abras ion of the cuticle occurre d . 
. 

In relation to the possibility of ant-lion and 

worm-lion larvae possessing a ' very hard, resistant, 

waterproofing layer it is interesting to note that, 

even at temperatures near the upper lethal limits for 

the var ious species t h ere was no evidence of a 

"transition temperature ". This is the temperature at 

which the cuticular waxes o f a large number of i nsects 

have b een shown to melt, giving rise to a great increase 

in transpiration. This phenomenon has been well 

documented by a large number of workers including 

Beament (1945, 1958, 1959), Wigglesworth (1945), Head-

Briggs (1956) and Ahearn (1970). These transition 

temper-atupes may, however, be very high and lie above 

the lethal limits for the animals concerned. For 

example, !!a fcz et a1 (1970) demonstrated tbat the 

transition tcmperatures for the desert ticks H.dromedari i 

and Q.s ~ vi~nyi werc 5Z
o

C and 63°C respectively. Thc 

uppel' let hal te"'pel'at,ul' c.'l of both ticks ",er'C founel to 

be a r"", degJ'"es bcl"'\' the tempera 'cure at which destruction 
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of the waterproofing layer took place. It seems 

probable that a similar situation could apply to ant­

lion and worm-lion larvae and that their transition 

temperatures lie above their upper lethal limits. 

This transition temperature would therefore not be of 

importance in the lives of these insects. 

In general, from the present investigation, water 

loss should not be considered as an ecological problem 

in these cases, since all the ant-lion and worm-lion 

larvae studied were able to survive for at least 24 

days at a relative humidity of 0%. It would be 

impossible for them to be stressed as much as this 

under natural conditions since all the species live below 

the surface of the sand where the humidit,y would be 

considerably higher than on the surface. It is also 

highly unlikely that, ant-lion and worm-lion larvae 

would have to survive for as long as 24 days without 

food, except during very rainy periods when pit 

construction, and hence prey capture, would not be 

possible . Humidity and water loss may therefore be 

disregarded as an import,ant parameter in the lives of 

ant-lions a nd worm-lions. The water relations of ant­

lion and worm-lion larvae, however, remains an interesting 

phyS i ological proble", wortl.y of further investigation. 

In particular the questions as to how these larvae are 

able to tolerate desiccation for such prolonged periods 

of time and ho\\' t hcy overcome thc problem of abrasion 

arc of great intcl'(~st. 

High '(,empcl'.:ltur'c HPPr.:U';::'; "(-. 0 be the llIajor factor 
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affecting the survival of ant-lions and worm-lions. 

There is a vast amount of literature available on various 

aspects of the temperature r e lations of different insects, 

including the works of Green (1955), Edney (1952), 

Clarke (1967), Phelps and Burrows (1 969) , Heath and 

Wilkin (1 970) , El Rayah (1970a) and Blumberg (1971). 

It is generally agreed, however , (Bursell, 1964) that, 

over short exposure periods of about an hour, -the upper 

lethal temperature limit of most insects lies in the 

o range 40-50 C . Some species of insects and other 

arthropods are, however, capable of survival at 

considerably higher temperatures. From the few 

references which are available on the lethal limits of 

desert arthropods over a 24 hour period it is obvious 

that most of them are very resistant to high temperatures. 

'l' he upper lethal temperatures of some desert arthropods 

are summarised in Table 26 and compared with the lethal 

limits of ant-lion and worm-lion larvae recorded in this 

study. From Table 26 it can be seen that, while the 

mean lethal temperature of worm-lion larvae was below 

that recorded for desert arthropods, the lethal 

temperatures of the ant-lion species equalled or exceeded 

that of the desert arthropods over a 24 hour exposure 

period. Although the results quoted in the lite rature 

were obtained at low l'elativo humidities it i s unlikely 

that significantly lower 1e·thal temperatures would have 

bo e n recorded at h :i.ghol' htlillidities since w011 watel'-

proofed dCE;ort arthr-opoci.-; g,,"cl"ally show vel'y little 

cvnJ)OJ'a t~ j.vc cool.i. rlg . The tlPPCI' lethal tempera tUI'es of 
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a number of other desert insects have been recorded 

over shorter periods of time and in general range from 

48-51oC (Edney, 1971b) for exposure periods of about 

30 minutes . 

Of great interest in a discussion of lethal 

temperatures is the daily variation in temperature 

sensitivity which has been noted in ant-lion larvae. 

Naximum temperature sensitivity in these larvae occurred 

at the same time as the circadian activity rhythm. 

Although other authors, such as Nowosielski e ·t al (1964), 

Rensing (1969), Haverty and Ware (1970) and Fondacaro 

and Butz (1970), have recorded daily variations in the 

sensitivity of insects to such factors as narcotics, 

insecticiies and X-rays there does not appear to be any 

experimental evidence in the literature linking such 

sensitivity cycles directly with circadian activity 

rhythn~ . It is generally accepted (Harker, 1956, 1960, 

1961; Fingerman, Lago and Lowe, 1958; Rens ing, 1964 

and Roberts, 1966) that circadian activity rhythms are 

controlled by an hormonal system. It is possibly this 

hormonal system which is very sensitive to temperature . 

The causes of variations in temperature sensitivity and 

the general mechanism of heat death in insects are not 

understeod. 

A number of different suggestions have been made 

abou·t the causes of heat; death in arthropocLs and include 

general pr'o ·tein coagulation, asphyxiatioll, accumulation 

of metaiJolic was te pJ'o ductc; and the brcak<lOlvn of cellular 

1.i.jlicb (Fl'acnkel and llopi', 1940; Lars ell, 1943; and 
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Clouds ley-Thompson, 1 962a). However, it is generally 

agreed -chat none of the above theories alone can account 

for heat death. Of relevance in the present discussion 

is the work of Larsen (1943) on Husca domestica. Larsen 

showed that the pupae of this species were more sensitive 

to tempe rature during periods of increased metabolic 

activity. These were periods of profuse hormonal 

secretion and extensive mitosis. Rensing (1969) has 

also correlated peak sensitivity of Dros ophila to X-rays 

with periods of increased nucleolus volume and hormone 

synthes is. There i s thus evidence which suggests that 

the synthetic pro cesses within cells are particularly 

vulnerable to such factors as he at. 

The existence of daily variations in temperature 

sensitivity may prove to be of considerable importance 

in a study of the l ethal limits of insects generally. 

Previous workers in this f ield have not; mentioned the 

time of day at which their experiments were undertaken. 

Also, the lethal temperatures of many insects have been 

de termined over a period of s evera l hours and might 

well have included periods of maximum temperature sensi tivity. 

The r esults obtained under these conditions would therefore 

not provide an a ccurate estimate of the t cmperatures 

which insects could survive during the rest of the day . 

The correlation of maximum temperature sensitivity 

and cil'cadian activity poscs t he question a s to thc 

situation in diurnal insects i n which such a correlation 

would lead to maximum temperatur c scnsitivity during the 

h e at of thc day. This s uggests that the coincidence 
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of maximum temperature sensitivity and activity may not 

be a general phenomenon in insects . 

In this study, all the ant-lion species were shown 

to possess a daily rhythm of activity with peak activity 

occurring at about dusk . Some suggestions have been 

made by Youthed and Horan (1969b) about the functional 

significance of the activity and pit building rhythm in 

Myrmeleon obscurus. They suggested that, since ant-lion 

p i ts ape easily damaged by wind an d the struggl ing of 

prey, it is necessary for the larv ae to recons t ruct their 

pits daily. This pit construction necessitates movement 

of the lar·vae on the surface of the sand and ·the larvae 

can therefore only construct t heir pits when the 

temperature of the surface sand is relatively low . This 

would apply particularly if the activity period is also 

a period of increased temperature sensitivity. Th e 

ant-lions thus construct their pits at dusk to enable 

them to make use of the whole night for prey capture . 

This poses the question as to why the larvae of S. 

J.ongicornis, which do not construct pits, also possess 

an acti¥ity cycle with the peak at dusk. The larvae of 

2,. lon gicornis have hecn sho,;n to migra te downwards into 

the sand during the day in response to high surface sand 

temperatul'cs and it seems probable that the function of 

the daily activity rhythm in these insects is to ensurc 

that they rctur'n to the surface at dusk. Thc larvae 

would t,hen be able to catch p rey throu,;;hout the night. 

Prey catching itt, ni r~; !lt, lllay be par'liculnrly impol'tant in 

this species [01 ' Cwo reasons. rirs toly, l'.l,cse larvae 
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have been observed to pursue their pr ey across the 

surface of the sand if they do not manage to grip the 

prey sufficiently firmly at first . The ~ . longicornis 

larvae would therefore be exposed to predators during 

the process of prey capturing a nd would be less vulnerable 

during the hours o f darkness . It should be noted that 

ant-lion larvae ar e blind as they do not possess compound 

eyes . Prey capturing a ppears to take place in response 

to vibrations caused by movement of the prey and ant - lions 

are therefore able to pursue their prey in total darkness . 

Secondly,the larvae of ~.longicornis would have to 

migrate downwards into the sand far earlier in the day 

tha n pit building species. This is due to the fact that 

the temperatures within the pits of ant-lions may differ 

considerably fro m the temperature of the surrounding 

sand. For example, it has been shown that, in the 

habitat of H.obscurus at 2 p.m., the temperature of the 

o sur f ace sand was 47,3 C, whereas the temperature of the 

cool northern sides of the pits was only 40,00C . Under 

these conditions the larvae would still be able to 

remain in their pits and catch prey, whereas non-pit-

building l arvae would already have had to migrate 

downwards into the sand in response to the high surface 

temperature. The constructio n of pits may, therefore , 

not only increase prey captur'ing efficiency but also 

allow the larvae to capture pl'ey for a longer pel'iod of 

tilll'~ each day. The COIlS truc"tion of p its !;oult; t!lUS be 

o f considcrnble survival value in hot dry sand. 

The pit making' hnbit. in t.he Hyrmelcont.id.:lc is 
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undoubtedly a comparatively recent one since the 

Archimyrmeleontidae and other more primitive Neo­

myrmeleontidae do not construct pits (Withycombe, 1925). 

The majority of the more morphologically primitive 

Myrmeleontidae merely conceal themselves under the 

surface of sand and debris. Such non - pit-building 

species do, however, have the advantage of being able 

to survive in windy areas in which the construction of 

pits would not be feasible. Thus the pit building 

ant-lion species are never found on the very exposed 

coastal sand dunes which are inhabited by the larvae of 

~ . longicornis . The pit building. species do, however, 

occur in areas sheltered by dense dune vegetation . 

Although ant-lion and worm-lion larvae do not 

possess any obvious morphological adaptations (such as 

those which are well known in desert Tenebrionidae) to 

enable them to survive in hot dry sand, they do have a 

number of physiological and behavioural adaptations. 

Their very high temperature tolerances and remarkable 

r esistance to desiccation suggests an ancient association 

of these insects with sand . The l arvae of the rhagionid 

1.. int·ermedia, which inhabit the coolest microhabitat, 

are physiologi cally less well adap ted to life in sand 

than the myrmeleontid species a nd could thercfoce not 

inhabi t t .lle vcry expos ed habit ats in which llly rmeleontid 

larva e 3 1'e fOUlld. Ant-lion larvae would, howevcr, b e 

able to exis t in the morc tempcrat.c areas inhabited by 

\"ol 'm-l ion s and t,lli:--l r<1is cs quest ions as to why ant-lions 

a re neVCl' fo und in tll<'"e appa r e n tly favotlI'abJ c llabii;a t,,>. 
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A probable explanation is that prey is not as plentiful 

in very sheltered habitats as it is ln those which are 

more exposed. 

Possibly the most important adaptations of ant-lion 

and worm-lion larvae to their life in sand are their 

behavioural responses to temperature. These responses 

ensure that the larvae are normally not subjected to 

temperatures close to their upper lethal limit. It 

has been shown that all species were able to orientate 

themselves within their pits in response to temperature 

gradients . All species were also able to migrate 

deeper into the sand when subjected to high surface sand 

temperatures. This phenomenon of burrowing into sand 

in order to escape high surface temperatures is well 

known in arthropods. For example, Bursell (1960) 

showed that the larvae of Glossina pallidipes burrow 

into the soil in response to high surface temperatures, 

while Edney (1958) showed that the woodlouse Hemilepistus. 

reaumuri, living On the fringes of the Sahara desert, 

retreated into holes in the ground in response to rising 

tempe r atures. The burrowing of des ert arthropods has 

also been r e corded by Clouds ley-Thompson (1964b, 1968 ) 

and Chal)man et al (1926). This burrowing behaviour is 

undoubte dly of great survival value t ,o ant-lion and 

worm- l ion l arva e , even in habita ts such as that of C. 

lanc c ol.:ltus in Hhich the s and is very shallow. 

III gene ral, the bcllavioural res pons es of the various 

ant-l i on Rnd Harm-lion larvae to t e mpe rature correlates 

we ll "ith the h a ')i t at s in whi.eh thc lar'vae arc found. 
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Larvae from the coolest habitats have lower temperature 

tolerances and select cooler shadier pit building sites 

than larvae from warmer habitats. 

In conclusion it may be said that rnyrmeleontid and 

rhagionid larvae not only show convergent evolution as 

far as habitat and pit construction are concerned, but 

also show convergent evolution in their adaptations to 

life in sand. The major di fferen ces between the 

adaptations of ant-lions and worm-lions lies in the 

degree of adaptation rathe r than in the adaptations 

thems e lves. 
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8. SmlMARY 

1) Some adaptations of myrme leontid and rhagionid larvae 

to life in hot dry sand were investigated in the 

field and in the laboratory. The species studied 

were: (a) three species of pit building ant-lions 

(Hyrmeleontidae, Neuroptera) namely; l<'Iyrmeleon 

me dial is , Hyrmeleon obscurus and Cueta lanceolatus, 

(b) one species of non-pit-building ant -lion 

(Myrmeleontidae, Neuroptera) Syngenes longicornis and 

(c) one species of worm-lion (Rhagionidae, Diptera) 

Lampromvia intermedia. 

2) An attempt was made to correlate the known distribution 

of the various species in the Republic of South 

Africa with overall climatic factors such as rainfall 

and temperature. No striking correlation was found 

between distribution and gross climatic factors. 

3) The la r val microhabitats of the vari.ous species were 

investigated and found to differ in a numbel' of 

respects. The IIlost import;ant difference between 

the various habit ats was the l ength of time for 

which they \\lore exposed to direct sunlight e ach day. 

The following approxim':tte e xposul'C times ,,'cre 

recorded: L,_inb'"! r'me dia, 1 hour; ~. IlIcdia1i s , 4,5 hours; 

t!.ObSCU1'2.tB , 6 holl.f'.~; ~.lol1L::icol'ni.:-), 7) 5 hour's and 
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£.lanceo1atus, 11 hours. 

4) The general sand s urface temperatures in the field 

were correlated with the exposure of the habitats 

to direct sunlight. In all habitats, temperature 

gradients were present in the sand during the day. 

The upper layers of sand were warmer than the 

deeper l ayers . The daily rise in sand temperature 

(above ambient at 6 a.m.) at a depth of 1 cm . was 

about 20 hroC/day in the habitat of h.intermedia, 

80 hroC / day for ~.medialis, 100 hroC/day for H. 

obscurus, 115 hroC/day for S.longicornis and 130 

hroC/day for £.lanceolatus. 

5) In pits which were exposed to direct sunlight the 

pit walls facing the sun were alwa.ys warmer, whereas 

the pit bases were always cooler , than the surround.ing 

surface sand. 

6) The depth of soft surface sand differed in the 

different habitats. The larvae of ~.longicornis 

were found in the deepest sand, while the larvae of 

C.lanceolatus were found in the shallowest sand. 

The habitats of the ,"emaining species fell between 

these two cxtremes. 

7) The upper lethal tcmpel"ature limits o f all species 

were inv(~stigatcd. Various exposure periods and 

rcl.J. L.i Vl~ humi.di -Lies were u.::icd . The larvRe survivcll 
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the following temperatures for a period of five hours 

at a relative humidity of 40%: !o.intermedia, 41,4°C; 

t!.medialis, 47,3
0 C; t!.obscurus, 48,2

0 C; §..longicornis, 

51,20 C and f.lanceolatus, o 
53,4 C. These lethal 

tempera-tures are correlated with the known habitats 

of the various species. 

8) The upper l ethal temperatures of ant-lion larvae 

differed at various times of the day . Maximum 

sensitivity to temperature was recorded at about 

dusk . The larvae of !o.intermedia, however, did not 

exhibit this peak of temperature sensitivity. 

<j) All the ant~ii·on. l ·arva e were shoh'n to possess a 

circadian activity rhythm with the peak of activity 

occurring at about dusk. The larvae of L.intermedia 

did not possess a marked circadian activity rhythm, 

The period of peak temperature sensitivity was 

shown to be closely linked to the normal circadian 

activity rhythm. Alterations in the activity rhythm 

brought about by a reversed light-dark regime or 

by constant light produced corresponding changes in 

the period of maximum temperature sensitivity. 

10) The i n ternal temperatures of the various species were 

llIaaSUl-Cu. ",i-[;h thcrmocouples which were inserted into 

the postel'ior cncl of t hc abdomcn . At a relative 

humidi ty of 100,; the intcl'nal tcmpcratllT'C of all 

species lViI ', ~' ithin 0,3°C of thc ambient, tClllpcrature. 
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At a relative humidity of 0% very slight evaporative 

cooling was observed in ant-lion larvae but no 

evaporative cooling was observed in the larvae of 

L.intermedia . 

11) Evaporative cooling at 1m, humidities did not enable 

the larvae of ant -lions and worm-lions to survive 

significantly higher temperatures, except for the 

larvae of M. medialis where it raised the lethal 

o temperature by about 2 C . 

12) The larvae of ant-lions and worm-lions showed a 

number of behavioural responses to temperature. 

The la rvae of L.intermed-La and M.medialis selected 

cool shady pit building sites , while the larvae of 

C.laneeolatus moved towards warm lighted areas . 

The l arvae of t! . obscurus and §..longicornis se l ected 

warm lighted areas at low sand temperatures and 

cool shaded areas at high sand temperatures. 

1 3) Field and laboratory studies showed that the larvae 

were capable of orientating themselves within their 

pits in rcsponse to temperature gradients. At 

101< sand temperat,ures ·the larvae selected the 

warmes t si.des of thc pits, ,,,hereas at high s and 

t emperabu'cs they e i ther ",oved to the cooler parts 

of t,he pits O t' ,d .th cl\"' cH entirely into t;he sand belo'" 

theil' piL.s. 
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14) Downward movement of -the larvae into the sand below 

their pits only took place in response to high 

surface sand temperatures . Large larvae migrated 

deeper into the sand than small larvae. The 

return of the larvae to the surface was found to be 

controlled by the circadian activity rhythm in the 

larvae of H.obscurus. Changes in the circadian 

activity rhythm produced corresponding changes in 

the time at which the larvae returned to the surface 

of the sand. 

15) A study of the responses of the larvae to sand depth 

indicated that none of the species possessed the 

ability to select any particular depth of sand in 

which to construct their pits or lie in wait for 

their prey. 

16) The upper temperature tolerances of the various 

o species were found to range from about 34 C to about 

17) The water r e la tions of thc various species were 

investigated and all species were found to be 

extpemely resistant to desiccation. The Illean 

supvival times at 0;: relative humidity were as 

follows: l.interme ciia , 24,5 days; ~.mcdia]is, 

26,1 days; ~r.obsCUPl1';, 31,8 clays; §..10!lr;icol'llis, 

27,2 clays ilncl f.1at!c:colatus, 33,1 clays. 
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18) Decreases in the original fresh weight of the larvae 

wer e used as a criterion of water loss . The larvae 

lost from 21% to 33% of their original weight at the 

time of death. The rate of water loss was found to 

be greatest during the f irst four to six days of the 

experiment when the larvae were very active. Water 

loss decreased shortly before death and increased 

again after- the death of the larvae. 

19) There was no evidence of evaporative cooling when the 

rates of water loss were compared at high a nd low 

temperatures. 

20) There was no evidence of water uptake at high 

relative humidities. 

21) Some aspects of the temperature and water relations 

o f myrmeleontid and rhagionid larvae are discussed 

and compared with what is known about the tcmperature 

a nd water relations of desert dwelling arthropods. 
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