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•• Lampromyia intermedia 

• Myrme1eon medialis 

* Myrme1eon obscurus 

• Syngenes longicornis 

.4 Cueta lanceo1atus 

Fig .1. The· distribution of four species of Myrme1eontidae 

and one species of Rhagionidae in the Republic of South Africa. 
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Scale 2.5 em,"" 317 km. 

KEY 

• LamErom:l::ia intermedia .EJ less than 55°F (12, 7°C) 

medialis EI2l 55-60°F (12,7 ° • M:l::rmeleon 15,5 C) 

If. M:l::rmeleon obscurus D 60-65°F (15,5 18, 3°C) 

• S:l::!!genes longicornis @] 65-70
o

F (18,3 20, 9°C) 

A Cueta lanceolatus D more than 70°F (20,9°C) 

Fig. 2. ' Th 1 t t ( OF) for the e mean annua empera ure 

Republic of South Africa and the distribution of four 

species of Myrmeleontidae and one species of Rhagionidae. 

Metric isotherms were not available and the temperatures 

are therefore shown in de grees Fahrenheit . (Climate 

of South Africa, 1957). 
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o
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9S-l00oF (34,6 

100-10SoF (37,4 

10S-llOoF (40,2 

more than 110°F 

(29,2oC) 

31, 9°C) 

34,6°C) 

- 37, 4°C) 

- 40, 2°C) 

- 4 2,9
O

C) 

(42, 9°C) 

Fig. 3. The mean absolute maximum temperatures (oF) 

during January in the Republic of South Africa and the 

distribution of four species of Myrmeleontidae and one 

species of Rhagionidae. Metric figures were not available 

and the temperatures are therefore shown in degrees 

Fahrenheit. (Climate of South Africa, 1957) 
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Scale 2,5 em "'317km. 

KEY 

LamEr om:z:i a intermedia 0 less than ' ZOop (_6,6°C) 

M:z:rmeleon medialis rill ZO-ZSoF (-6,6 to -3, 9°C) 

M:z:rmeleon obscurus @ ZS-30oF (-3,9 to _l,loC) 

S:z:ngenes longicornis t:kl 30-3SoF (-1,1 to 1,6°C) 

Cueta lanceolatus 0 3S-40oF (1,6 to 4,4°C) 

[] 40-4SoF (4,4 to 7, ZoC) 

~ more than 4Sop (7,ZoC) 

Fig. 4. The mean absolute minimum temperatures (OF) 

during July in the Republic of South Africa and the 

distribution of four species of Myrmeleontidae and one 

species of Rhagionidae. Metric figures were not 

available and the temperatures are therefore given in degrees 

Fahrenheit . (Climate of South Africa, 19S7) 
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Scale 2.5 em. = 317 km. 

KEY 

• Lam:erom;ria intermedia D less than 5 ins. (127 mm; ) 

• M;rrmeleon medialis [§J '~~.: " 5-'10 ins .. · (127-254 mm. ) 

* M;rrmeleon obscurus [qJ 10-15 ins .. (2$4-:38l mm. ) . 

• S;rngenes longicornis Em · t~ . 15-25 ins ... (381..,635 mm. ) 

... Cueta lanceolatus 0 more than 25 ins. (635 mm . 

Fig. 5. The mean annual rainfall for the· Republic of 

South Africa and the distribution of four species of 

Myrmeleontidae and one species of Rhagionidae. Hetric 

rainfall figures were not available and the rainfall is 

·therefore shown in inches. (Talbot and Talbot, 1960) 
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Scale 2 ,5 c"m.= 317 km. 

KEY 

• LamErom;tia intermedia 0 less than 20 days 

• M;trmeleon medialis IZl 20-40 days 

"f. M;trmeleon obscurus !BI 40-60 days 

F2l 60-80 Syngenes longicornis .. .... days • .. Cueta lanceolatus 0 80-100 days 

[] 100-120 days 

~ more than 120 days 

Fig. 6. Rainfall frequency (expressed as the number of 

days per annum with 0,25 mm. or more rain) in the Republic 

of South Africa and the distribution of four species of 

Myrmeleontidae and one species of Rhagionidae. (Climate 

of South Africa, 1957) 
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Scale 2,5 cm.= 317 km. 

KEY 

• LamErom~ia intermedia 0 less than 60% 

• M~rmeleon medialis E2J ' .' 60-70% 

¥ M~rmeleon obscurus f2J :;:-:: 70-80% 

• Syngenes longicornis ~ '". more than 80% 

A Cueta lanceolatus 

Fig . 7 . The average annual duration of sunshine,as a 

percentage of the poss ible sunshine,in the Republic of 

South Africa and the distribution of four species of 

Myrmeleontidae and one species of Rhagionidae. (Cole, 

1961) 
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Fig. 8 . A general view of a typi cal habitat o f the 

larvae of Lampromyia intermedia . The position of the 

pits,shown in the detailed view below, is indicated by 

an arrow. 

Fig . 9. A detailed view of the pits of the larvae 

of Lampromyia intermedia . 
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Fig. 1 0 . A general view of a typical habitat of ~he 

larvae o f Myrmeleon me~ialis. The position of t he 

pi ts, shown in t;,e G.etailed view below, is indicated 

by an arrow. 

Fig . 11. A de "cailed view of the pits o f the larvae 

o f Myrmeleon media l is. 
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Fi . 12. A general vie," of a typical habitat o f the 

larvae of Myrmeleon obscurus. 'fhe position o f the 

pits, shown in the detailed view below, is indicated 

by an arrow. 

Fig. 13. A detailed view o f the pits of the larvae 

of Hyrmeleon obscurus. 
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Fig . 14. A general view of a typical habitat of the 

larvae of Syngenes long icornis . The p osition in which 

the larva, shown below, was f ound i s indicated by an 

arrow. 

em I 2 3 4 5 6 

Fig. 15. The larva of Syngenes longicornis. 
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Fig. 16. A general view of a typical habitat o f the 

larvae of Cueta lanceolatus. The position of the pits, 

shown in the detailed view below, is indicated by an 

arrow. 

Fig. 17 . A detailed view o f the pits of the larvae 

of Cueta lanceolatus. 
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Table 1. Pit construction, mean pit diameter and the 

habitat of the larvae of four species of Myrmeleontidae 

and One species of Rhagionidae. 50 pits of each species 

were measured. 

Pit Mean pit 
Species construction diameter (mm.) Habitat 

L.intermedia 17 + 2,7 Very sheltered yes 

(worm-lion) areas 

M.medialis 72 + 6,3 Moderately yes -

(ant-lion) sheltered 

M.obscurus 30 + 3,4 Moderately yes -
(ant-lion) sheltered 

!2..1ongicornis no Sand dunes, 

(ant-lion) partly sheltered 

C.lanceolatus 19 + 2,3 Very exposed yes -

(ant-lion) and rocky 
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Fig. 18. The mean number of hours exposure to direct 

sunlight for the larval habitats of four species of 

Myrmeleontidae and one species of Rhagionidae. The mean 

values are indicated by circles, twice the standard error 

by rectangles and the maximum and minimum values are also 

shown. The mean values were calculated from 60 observations 

of each habitat, except for the habitat of S.longicornis 

where only 10 observations were made. All the data were 

obtained.during the period 20th October to 18th November, 196c 
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Myrmeleon obscurus 

Mrrmeleon medialis 

Fig. 19. The positions of the pits of the larvae of 

Myrmeleon obscurus and Mrrmeleon medialis in the field 

and the pattern of shade cast by overhanging vegetation 

at 12 noon. 
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Fig. 20. The daily temperature changes (mean of seven 

days) of t h e air, surface sand and sand at a depth of 

7 cm. in the habitat of Myrmeleon medialis. During the 

period 2 p.m. to 1 a.m. (indicated by arrows) the air 

and the surface sand were at the same temperature and 

this is indicated by a solid line. At depths of 1 cm., 

3 cm. and 5 cm . the temperatures were intermediate 

between those of the surface sand and sand at a depth of 

7 cm. and these data have not been included in the figure. 
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0---- ---0 Lampromyia intermedia 

• • Myrmeleon medialis 

* _____ ~ Myrmeleon obscurus 

• • Syngenes longicornis 

I.-.-.-.-.-..l Cueta lanceolatus 

Fig. 21. The temperature of the surface sand in various 

myrmeleontid and rhagionid habitats. All figures 

represent the mean temperatures recorded over a period 

of seven days. The recordings were made during October-

January, 1969/70. 
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0-------0 Lampromyia intermedia 

• • Myrmeleon medialis 
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... -.-.-.-.-.... Cueta lanceolatus 

130 

Fig. 22. The average number of hour degrees centigrade 

(above ambient) pe~ 4ay at various depths in myrmeleontid 

and rhagionid habitats. Each result represents the mean 

of seven days. Twice the standard errors are indicated. 

The number of hour degrees was calculated from 6 a.m. to 

6 p.m. and the ambient temperature was defined as the 

temperature at each particular depth at 6 a.m. 
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Cueta lanceolatus. 

Syngenes long icornis. 

M yrmele on bbscurus • 

Myrmeleon medialis. 

40 60 80 100 120 

HOUR °C/DAY (above ambien t) 

Fig. 23. The number of hours per day for which various 

myrmeleontid and rhagionid habita ts were expos·ed to 

direct sunlight and the total daily (6 a.m. to 6 p.m.) 

rise in temperature of the sand at a depth of 1 cm. The 

temperature rise is expressed a s hour degrees centigrade 

above the ambient temperature at 6 a.m. 

140 
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Table 2a. The mean temperature (oC) of the air (1 cm. 

above the sand) and the sand at various depths in four 

myrmeleontid and one rhagionid habitat from 6 p.m. to 

6 a.m. over a period of seven days. These data were 

obtained during the winter months of June and July, 1969 . 

Species air surface 1 cm. 3 em. 5 cm. 7 cm. 
sand 

L. i ntermedia 8,9 9,8 9,8 9,8 10,1 10,9 -
H.media lis - 10,8 10,5 10,1 10,4 11,2 12,4 

H.obscurus 11,7 12,0 12,0 12,0 12,4 12,6 -
e..long i cornis 12,5 13,7 13,7 13,9 13,9 14,1 

C.lanceolatus - 9,6 9,6 10,0 10,5 11,6 12,0 
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Table 2b. The mean temperature (oC) of the air (1 cm. 

above the sand) and the sand at various depths in fo ur 

myrme1eontid and one rhagionid habitat f rom 7 a.m. to 

5 p.m. over a period of seven days. These data were 

obtained during the winter months of June and July, 1969. 

Species air surface 1 cm. 3 cm. 5 Cm. 7 cm. 
sand 

L . intermedia - 14,9 14,3 14,3 14,2 13,4 13, 1 

M.media1is 16,8 17,0 16,6 15,9 15,0 14,5 -
M.obscurus - 20,2 23,1 21,3 20,0 19,7 18,8 

~.longicornis 19,2 20,0 23,1 22,6 21,0 19,7 

C.1ance o1atus - 22,3 24,1 23,6 22,2 20,6 18,9 



Fig. 24. The temperatures (oe) recorded in various 

parts of myrmeleontid and rhagionid pits at different 

times of the day. The pits are represented 

diagrammatically as circles, the inner circles 

representing the pit base. Each temperature is a 

mean of 10 readings. The direction of the sun's 

rays is indicated where applicable, while the 

sectional view of the pits ind.icates the angle of 

incidence of the sun's rays at each time of day. 

The temperature of the air 1 cm . above the sur face 

and the temperature of the surface sand is also 

indicated. 



TIME OF t.SlWl2rom:iia M~r[!JeleQa M~rmel!iQ!J M~[meleon ~ SECTIONAL 
DOY jnlermedia megiati§ QQscu ru§ (shade) Qt!:§cur!.!§ (sun ) lanceotatus VIEW 

AIR TEMP. 28 26 22 29 33 

SAND TEMP. 30 28 23 30 37 

~/~/22~ ~28 

10 am. IPIT TEMP. I 133 ( 30' j 301 133 30 'j 301 123 8 231 132 1 30 ) 311 138 1 35 I 35 

31 ./ "-.....29 / ~23./ '--- 35 ../ "-..... 3§.. 

AIR TEMP . 30 33 26 43 43 N 
I I I 

SAND TEMP. 30 34 26 46 49 

'*' 
N 
N 
I 

29 33 25 

12 noon IPIT TEMP . I 129 8 34 8 33 25 8 25 1 146 I 44 ) 46 

31 36 26 

'" IT.' I 32 32 24 41 41 

32 34 23 47 45 SAND TEMP. 

'32"---.. 31 22 ,./40 

2 pm. IPIT TEMP. 132 8) ~8 23 8 22 1 143 44 461 145 

32 33 23 
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Table 3. The average exposure to sunlight (A), the mean 

maximum sand temperature (B), the mean elevation of sand 

temperature at a depth of 1 cm. below the surface (C) and 

the maximum recorded pit temperatures (D) in various 

myrmeleontid and rhagionid habitats. These data are 

derived from Figures 18 , 21, 22 and 24 respectively. 

The mean depth of soft surface sand in each habitat is 

also shown (E). 

Species A B C D E 

(hrs.) (oC) (hroC/day) (oC) (mm. ) 

L.intermedia 1,13 28 20 32 42 -
M. medialis 4,65 38 76 35 48 

M.obscurus 5,95 45 99 51 37 

§..longicornis 7,46 48 113 -~~ 311 

C.lance o l atus 10,75 51 128 51 13 

,:- §. .longicornis is anon-pi t-building species . 
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Fig. 25. The percentage mortality of various species of 

myrmeleontid and rhagionid larvae when exposed to high 

temperatures for a pcriod of 24 hours, at a relative 

humidity o f 90;;. 



Fig. 26. The mean survival t i me for groups of 10 

individuals of various myrme1eontid and rhagionid 

species at different temperatures. 

standard errors are indicated. 

Twice the 
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Table 4a . The maximum, minimum and mean survival times 

of groups of 1 0 myrmeleontid and rhagionid larvae when 

exposed to high temperatures at different times of the 

day. The standard errors are also given. 

- Survival time (mins . ) 
Species Temp. Time o f 

(oC) day max. min. mean S.E. 

9 44 36 39,4 + 0,9 a .m. -

L. i ntermedia 42 5 43 34 38,2 + 0,9 p .m . --
7 40 29 36,2 + 1,0 p.m. -

9 4 3 30 36,0 + 1, 2 a. m. -

M.medialis 4 8 5 34 23 27,2 + 1,2 p.m. -

7 28 19 24,7 + 1,0 p.m. -

9 51 18 36,5 + 1,2 a.m . -

2 45 20 33,9 + 2,6 p . m. -

M. obscurus 50 3 37 1 9 26,7 + 1, 8 p.m. --
4 19 8 13,1 + 0 , 9 p.m. -

5 13 7 10,1 + 0,7 p. m. -

7 13 6 9,2 + 0,7 p .m. -

9 38 29 33,8 + 1,0 a . m. -
~.longicornis 52 5 30 1 7 23,2 + 1,5 p. m. -

7 30 20 24,7 + 1,0 p .m. -

9 49 34 42,3 + 1,6 a . Ill. -

C .1anceolatus 54 5 31 20 26,1 + 1, 2 p.m. -. -
7 30 20 24,7 + 1,0 p.m . -
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Table 4b. Results of statistical analysis of the survi val 

times of groups o f 10 myrmeleontid and rhagionid larvae 

when exposed to high temperatur es at differe nt times of 

the day (from Tab l e 4a). For ~.intermedia, for example, 

the s urviva l time at 9.00 a . m. is compared with that at 

5.00 p.m. and also the surviva l time at 5.00 p.m. is 

compared with that at 7.00 p.m. The values of "til and 

the probability "p" are given . 

Species Time of day t p 

L;intermedia 9 a .m. ef . - to 5 p. m. 0,82 >0,1 

5 p.m. ef. to 7 p.m. 1, 37 >0,1 

M.medialis 9 a. m. ef . to 5 p.m. 4, 85 <0,001 

5 p . m. ef. to 7 p.m. 1,66 <0,1 >0,2 

9 a .m. ef . to ~ p . m. 0,52 >0 ,1 ~ 

9 a.m . ef. to 5 p.m. 6,32 <0,001 

M.obseurus 2 p.m. ef. to 3 p.m. 2,14 <0,05 >0,02 

3 p. m. ef. to 4 p.m. 6,37 <0,001 

4 p.m. ef. to - 5 p . m. 3,38 <0,01 >0,001 

5 p.m. ef . to 7 p.m. 0,90 >0,1 

~ . longieornis 9 a.m. ef. to 5 p.m. 5,58 <0,001 

5 p.m . ef. to 7 p.m . 0,04 >0,1 

C . lanceolatus 9 a.m . ef. - to 5 p.m . 7,70 <0,001 

5 p.m . ef. to 7 p.m. 0, 8 4 >0,1 



Fig. 27. The daily activity of various myrmeleontid and 

rhagionid species under normal laboratory daylight-dark 

conditions. Five individuals of each species were used 

and the activity of each individual was recorded for two 

days. Activity is represented as dark blocks. The 

height of each block is proportional to the deflection 

recorded on the original trace . The times of feeding 

and pit destruction are indicated by arrows. 
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The daily activity of var ious myrmeleontid 

and rhagionid larvae under a reversed light regime. The 

activity of each individual was r ecorded for two days. 

The larvae were each fed one ant a day at times which 

were randomly determined and which are indicated by 

arrows . 



Table 5. The maximum, minimum and mean survival times of various myrmeleontid and 

rhagionid larvae at different times of the day when exposed to high temperatures. 

Results which have been compared by mea.ns of "Student's ttl are bracketed together 

and the values of "t" and "p" are given . All the larvae were placed in a reversed 

light regime for 14 days prior to the experiment and the new "induced" activity peak 

was at 10 a.m. 

Species No. of Temp. Time of Survival time (mins. ) 
larvae (0e) day min. t max. mean p 

10 10 a.m. 17 12 14,3-0-10,9 2 <0,001 
~I . obscurus 10 50 5 p . m. 29 21 25, 1- .-J- 1,41 >0,1 

10 7 p.m . 27 20 23,6-

L.intermedia 5 42 10 a.m. 44 35 38,2 

5 5 p.m. 47 29 39,4 

~I. medial is 3 48 10 a .m. 29 15 21,7 

3 5 p.m. 46 28 35,2 

~ . longicornis 3 52 10 a.m. 32 13 22,3 

" 5 p.m . 43 28 36,9 .) 

If.·lanceolatus 3 I 10 a.m. 30 12 24,5 

I I 
54 

3 5 p.m. , 46 31 38,8 
-

I 
w 
o 
I 
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T IM E OF DAY 

Fig. 29. The daily activity o f a Myrmeleon obscurus 

larva under normal laboratory daylight conditions and 

in constant light of approximately 1500 lux. The 

ant-lion was fe d one ant a day at times which were 

randomly determined and whic h are indicated on the 

figure by means of arrows. 
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Table 6. The mean survival time at SOoC of 10 Myrmeleon 

obscurus larvae at various times of the day. The larvae 

were maintained ln constant light of approximately 1500 

lux for a period of two weeks prior to the experiment and 

the new "induced" activity peak ",as at 4 p.m. The values 

of "Student's t " and the probability "p" are given. 

Time of ~Iean survival St atistical analysis 
day time t (mins. ) p 

9 13,4 + 0,99 9 cf. to 7 0,11 >0,1 a .m. - a. m. p.m. 

4 9,1 + 0,99 9 cf. to 4 2,89 <0,01 >0,001 p.m. - a • rn. p.m. 

7 13,2 + 1,35 4 cf. to 7 2,32 <0,05 >0,02 p.m. - p. m. p.m. 



-33-

Table 7. The mean difference (oC) between the internal 

temperature of groups of five myrme1eontid and rhagionid 

larvae and the ambient temperature at 100% relative 

humidity. The rate of temperature rise was about 

2°C/10 minutes. Minus signs indicate that the internal 

temperature of the larvae was lower than ambient, while 

plus signs indicate that the internal temperature of the 

larvae was above ambient. 

22 

24 
26 

28 

30 

32 

34 
36 

38 

40 

42 

44 
46 

48 

50 

52 

54 
56 

0,0 

-0,2 

+0,1 

0,0 

+0,1 

+0 ,2 

+0,1 

0,0 

0,0 

0,0 

+0,1 

0,0 

0,0 

+0,2 

+0,1 

+0,1 

+0,1 

-0,1 

-0,1 

0,0 

-0,1 

-0,1 

0,0 

0,0 

0,0 

+0,2 

+0,1 

+0,1 

+0,2 

-0,1 

+0,2 

+0,1 

-0,1 

0,0 

+0,1 

+0,2 

-0,2 

-0,1 

+0,2 

+0,1 

+0,2 

+0,1 

0,0 

+0,2 

+0,2 

0,0 

+0,2 

0,0 

+0,2 

+0,1 

0,0 

+0 ,1 

+0,1 

+0,1 

-0,1 

-0,3 

0,0 

0,0 

+0,3 

-0,1 

+0,2 

+0,2 

+0,1 

+0,1 

+0,1 

+0,4 

+0,1 

+0,3 

+0,2 

+0,2 

+0,1 

+0,2 

0,0 

0,0 

+0,2 

+0,1 

+0,1 

+0,3 

+0,6 

+0,3 

+0,2 

+0,3 

+0 ,2 

+0,1 

+0,2 

+0,1 

+0,3 

+0,2 

+0,2 

0,0 
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Table 8. The mean difference (oe) between the internal 

temperature of groups of five myrme1eontid and rhagionid 

larvae and the ambient temperature at 0% relative humidity. 

The rate of temperature rise was about 20 e/10 minutes. 

Minus signs indicate that the internal temperature of the 

larvae was lower than ambient, while plus signs indicate 

that the internal temperature of the larvae was above 

ambient. 

00 00 
~ 'M ;:l 

'M I:: .., 
'd 00 00 .. ~ 
~ 'M ;:l ° .-i 
E .-i .. () ° .. ~ ;:l 'M ~ 
~ 'M () () .., 'd 00 I:: I:: 

Temp. I:: ~ ,D ° ~ 
'M E 0 .-i .-i 

(oe) ....11 :81 :81 Ull ul 

22 -0,2 -0,3 -0,5 -0,5 -0,3 

24 -0,2 -0,4 -0,6 -0,4 -0,4 

26 0,0 0,0 -0,5 -0,1 -0,4 

28 -0,1 -0,5 -0,1 -0,6 -0,4 

30 -0,1 -0, 8 -0,6 -0,5 -0,4 

32 -0,1 -1,2 -0,8 -0,5 -0,3 

34 +0,1 -1,9 -1,0 -0,6 -0,6 

36 +0,2 -1, 8 -0,8 -0,7 -0,3 

38 0,0 -0,5 -0, 8 -0,7 -0,3 

40 +0,3 -1,1 -0, 8 -0,8 -0,3 

42 +0,1 -1,2 -0,9 -1,2 -O,S 

44 0,0 -1,2 -0,9 -1,0 -0,4 

46 0,0 -1,2 -0,9 -0,9 -0,3 

48 +0,1 - 1,0 -0, 2 -1,2 -0,3 

50 0,0 -0,6 -0,6 -0, 8 -0,2 

52 0,0 -0,3 -0,6 -0,5 -0,3 

54 +0,1 -0,2 -0,3 -0,1 -0,2 

56 0,0 -0,2 -0,2 -0,1 -0,1 



Table 9. The upper l ethal temperature limits of groups of 10 larvae of various myrme1eontid 

and rhagionid species at 0% and 100% relative humidity . The maximum, minimum and mean values 

are given together with the s tanda rd errors. The results at both humidities for each species 

were compared statistically by means of "Student's til and the values of "t" and the probability 

lip II are given. 

·Species Lethal temp . (Oe) at 0% RH Lethal temp. (oe) at 100% RH t P 

max. min. mean S.E. max . min. mean S.E. 

L.intermcdia 44,5 41, 0 42,5 ± 0,37 44,5 40,0 41,9 ± 0,45 0,98 >0,1 

~j . medialis 52,0 4 9,0 50,4 ± 0,32 51,5 47,0 48,6 ± 0,33 3,70 <0,01 >0,001 

)1. obscurus 55,5 51,0 53,2 + - 0,45 54,0 50,0 51, 8 ± 0,40 2,18 <0, OS >0,02 

~ . lon,gicornis 57,5 54,0 56,0 ± 0,35 56,5 53,0 54,9 ± 0,36 2,09 < 0,1 >0,05 

e . lanceo1atus 58, ° 55,0 56,2 ± 0,31 57,0 54,5 55,6 ± 0,25 1,4 2 >0,1 
--- --- .. ~ ---~---~ ----- - . -----~ 

L _________ ---- -~---

I 
w 
t.n 
I 
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Table 10. The highest average surface sand temperatures 

(mean of seven days, from Fig. 21) and the maximum 

observed sand temperatures (mean of 10 readings) in 

various myrmeleontid and rhagionid habitats. The 

mean lethal temperature of the various larvae during 

an exposure period of five hours (from Fig. 26) i s also 

shown. 

Species Surface sand Hean lethal 
temp. (OC) temp. (oC) 

mean max. 

L.intermedia 28, 5 35,0 41,4 

H.medialis 38,0 50,1 47,3 

H.obscurus 45,9 61,5 48,2 

§..longicornis 48,0 56,3 51,2 

C.lanceolatus - 51,1 65,5 53,4 
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Table 11. The distribution of larvae of four species 

of Myrme1eontidae and one species of Rhagionidae when 

placed in evenly lighted (1500 lux) and heated (30 ~ l°C) 

sando 60 larvae of each species were used and their 

positions with respect to six numbered squares of sand 

determined after a period of two days ° The values of 

x2 and the probability (p) are given for each species ° 

(/l 

~ 03 OM 
OM I': .., 
"0 (/l 

~ I.. 03 
C1) OM 0 ...; 

= ...; I.. () 0 
I.. 03 ;:S OM C1) 
C1) OM () () .., "0 (/l I': I': 
I': C1) .D 0 03 OM E 0 ...; ...; 

Square ...:II ::;:1 ::;:1 (1)1 ul 

1 9,5-:< 10,0 8,0 10,0 11,0 

2 8,0 10,0 6,0 11,0 6,5 

3 12,0 7,0 14,0 11,0 10,5 

4 10,0 11,0 10,0 9,0 11,0 

5 13,0 12,0 12,0 10,0 14,0 

6 7,5 10,0 10,0 9,0 7,0 

x.2 2,4 1,4 4,0 0,4 3,1 

p <0, 8 0 <0,95 <0,70 >0,99 <0,70 
>0,70 >0,90 >0,50 >0,50 

" A non-inte g e r denote s larvae midway between two 

squares ° 



Table l2a. The responses of the larvae of Lampromyia intermedia to light of various intensities 

at three different sand temperatures. 60 larvae were exposed at each set of conditions and their 

responses noted after a period of two days. The .number of larvae found in the light and shade 

is indicated together with the values of X 2 and the probability (p). Statistically significant 

results are indicated by arrows; movement from light to shade is indicated by ~ and movement 

from shade to light by t 
Sand temperature 

30 35 45 (oC) 

Light intensity 200 600 1200 14000 200 600 1200 14000 200 600 1200 14000 
(lux) . 

No. of larvae 26,5 lf 21,5 19,0 15,0 29,0 19,5 17,5 14,5 
in light 

, , 
No . of larvae 33,5 38,5 41,0 
in shade 

45,0 31,0 40,5 42,5 45,5 100% of larvae dead 

x.z 0,6 4,3 7,4 14,0 0,02 6,7 9,6 15,'0 

p <0,50 <0, OS <0,01 <0,001 <0,90 <0,01 <0,01 <0,001 
>0,30 >0,02 >0,001 >0,80 >0,001 >0,001 

- - -- ----

* A non-integer denotes larvae midway between two squares. 

I 
W 
00 
I 



Table 12b . . The responses of the larvae of Lampromyia intermedia to sand temperature gradients. 

The sand was heated from above with infra-red lights suspended at various heights and lighted 

with lamps of various intensities. 60 larvae were exposed at each set of conditions and their 

responses noted after a period of two days. The number · of larvae found in heated and lighted 

sand and the number of larvae found in the shade is indicated, together with the values of X2 

and the probability (p). Statistically significant results are indicated by arrows; movement 

from light to shade is indicated by ~ and movement from shade to light by t 
A B c D E F G 

Height of infra-red 60 50 40 50 50 50 50 
lights (cm.) 

Light intensity - dark dark 
:(lux) . 

dark 200 600 1200 14000 

Temp. 
: (oC·) 

in "light" 33 38 53 38 38 38 38 

II5~)' in shade 26 29 34 29 29 29 29 

No . of larvae 31,0 20,0 In 21,0 16,0 20,0 12,0 
in "light" In 

'<l'l-

No . of larvae 29,0 40,0 0.0 39,0' 44,0' 40,'0 48,0 ro t-t) 
in shade ill 

X 2 0,02 6,0 
.... S; 

4,8 12,2 6,0 20,4 "l 

ill 
<0,00' P <0,90 <0,02 ro <0,05 <0,02 <0,001 

.-
>0,80 >0,01 >0,02 >0,01 

I 
w 

'" I 



Table l3a. The responses of the larvae of Myrmeleon medialis to light of various intensities at 

three different sand temperatures. 60 larvae were exposed at each set of conditions and their 

responses hoted after a period of two days. The number of larvae found in the light and shade 

is indicated together with the values of X2 and the probability (p). Statistically significant 

results are indicated by arrows; movement from light to shade is indicated by i and movement 

from shade to light by t 
Sand temperature 
(oC) 30 35 45 

Light intensity 200 600 1200 14000 200 600 1200 14000 200 600 1200 14000 
(lux) 

No. of larvae 27,0 31,5* 26,0 20,0 34,0 24,0 27,0 18,0 27,5 36,0 20,5 21,0 
in l ight 

No. of larvae 33,0 28,5 34,0 40,0 26,0 36,0 33,0 42,0 32,5 24,0 39,5 39,0 
in shade 

1>=2 0,4 0,1 0, 8 6,0, 0,8, 2,0 0,4 8,8 0,3 2,0 5,4 4,8 

p <0,70 <0, 80 <0,50 <0,02 <0,50 <0,20 <0,70 <0,01 <0,70 <0,20 <0,05 <0,05 
>0,50 >0,70 >0,30 >0,01 >0,30 >0,10 >0,50 ' >0,001 >0,50 >0,10 >0,02 >0,02 

-

-:~ A non-integer denotes larvae midway between two squares . 

I 

"'" o 
1 



Table 13b. The responses of the larvae of Myrme1eon medialis to sand temperature gradients. 

The sand was heated from above with infra-red lights suspended at various heights and lighted 

with lamps of various intensities. 60 larvae were exposed at each set of conditions and their 

responses noted after a period of two days. The number of larvae found in heated and lighted 

sand and the number of larvae found in the shade is indicated, together with the values of X2 

and the probability (p). Statistically significant results are indicated 

from light to shade is indicated by ~ and movement from shade to light by 

by 

t 
A B c D E F G 

Height of infra-red 60' 50 40 50 50 50 50 
lights (cm.) 

Irt~) intensity dark dark dark 200 600 1200 14000 

Temp. 
I (oC ') 

in "light" 33 38 53 38 38 38 38 

Temp. in shade 26 29 34 29 29 29 29 I (oC) 

No. of larvae 28,5 i < 21,0 15,0 19,0 20,5 ' 17,5 17,0 
in "light" 

No. of larvae 31,5 39,0 45,0 41,0' 39,5 42',5 43,0 
in shade 

X2 0,1 4, 8 14,0 7,4 5,4 9,6 10,4 

p <0,80 <0,05 <0,001 <0,01 <0,05 <0,01 <0,01 

arrows; movement 

If A non-integer 

denotes larvae 

midway between 

two squares. 

. >0,70 , >0,02 >0 001 ,>0,02 >0.001 ' >0.001 

I 
.p.. 
i-' 
I 



Table 14a. The responses of the larvae of Myrmeleon obscurus to light of various intensities 

at three different sand temperatures. 60 larvae were exposed at each set of conditions and their 

responses noted after a period of two days. The number of larvae found in the light and shade is 

indicated together with the values of X 2 and the probability (p). Statistically significant 

results are indicated by arrows; movement from light to shade is indicated by ~ and movement from 

shade to light by t . 
Sand temperature 30 35 45 ,(0e) 

Light intensity 200 600 1200 14000 200 600 1200 14000 200 600 1200 14000 
.(lux) 

No. of larvae 29,5{f 27,0 32,0 34,0 27,5 25,5 32,0 38,5 29', ° 27,5 27,5 21, ;; 
in light 

No. of larvae 30,5 33,0 28, ° 26,0 32,5 34,5 28, ° 21,5 31,0 32,5 32,5 38,5 
in shade 

)(.2 0,0 0,4 0,2 0,8 0,3 1,1 0,2 4,3 0,02 0,3 0,3 4,3 

p >0,99 <0,70 <0,70 <0,50 <0,70 <0,30 <0,70 <0, OS <0,90 <0,70 <0,70 <0,05 
>0,50 >0,50 >0,30 >0,50 >0,20 >0,50 >0,02 >0,80 >0,50 >0,50 >0,02 

-:f · A non-integer denotes larvae midway between two squares. 

, 
.p. 
N , 



Table 14b. The responses of the larvae of Myrmeleon obscurus to sand temperature gradients. 

The sand was heated from above with infra-red lights suspended at various heights and lighted 

with lamps of various intensities. 60 larvae were exposed at each set of conditions and their 

responses noted after a period of two days. The number of larvae found in heated and lighte d 

sand and the number of larvae found in the shade is indicated, together with the values of X2 

and the probability (p). Statistically significant results are indicated by 

from light to shade is indicated by ~ and movement from ,shade to l ·ight by t 
A B c D E F G 

Height of infra-red 60 50 40 50 50 50 50 
lights (cm.) 

Light intensity 
I (lux) 

dark dark dark 200 600 1200 14000 

Temp. in "light" - 33 38 53 38 38 38 38 
I (oC·) 

I~emp. in shade 26 29 34 29 29 29 29 
°C) 

No. of larvae 30,0 27,5 ''< 21,0 42,5 39,5 38,5 40,0 
in "light" 

No. of larvae 30,0 32,5 39,0 . 17,5 20,5 2l,5 20,0 
in shade 

X2 0,0 0,3 4,8 9,6 5,4 4,3 6,0 

p >0,99 <0,70 <0,05 <0,01 <0,05 <0,05 <0,02 
>0,50 >0,02 >0,001 >0,02 >0,02 >0,01 

arrows; movement 

{f A non-integer 

denotes larvae 

midway between 

two squares. 

I 
.p. 
W 
I 



Table 15a. The responses of the larvae of Syngenes longicornis to light of various intensities 

at three different sand temperatures. 60 larvae were expos e d at each set of conditions and their 

responses noted after a period of two days. The number of larvae found in the light and shade is 

indicated together with the values of ')(2 and the probability (p). Statistically significant res ults 

are indicated by arrows; movement from light to shade is indicated by ~ and movement from shade to 

light by t 
Sand temperature 
(oC) 30 35 45 

Light inte nsity 200 600 1200 14000 200 600 1200 14000 200 600 1200 14000 
(lux) 

No. of larvae 32,0 38, ° 39,0 42,0 36,0 39,0 4 2,0 43,0 26,0 33,0 20,.0 20,0 
in light 

J J 

No. of larvae 28, ° 22,0 21,0 18, ° 24,0 21,0 18,0 17,0 34,0 27,0 40,0 40,0 
in shade 

')(2 0,2 3,8 4,8 8,8 2,0 4,8 .8,8 10,4 0,8 0,4 6,0 6,0 

p <0,70 <0,10 <0,05 <0,01 <0,20 <0,05 <0,01 <0,01 <0,50 <0,70 <0,02 <0,02 
>0,50 >0,05 >0,02 >0,001 > 0,10 >0,0·2 >0,001 >0,001 >0,30 >0,50 >0,01 > 0,01 

I 
.j>. 
.j>. 
I 



Table 15b. The responses of the larvae of Syngenes longicornis to sand temperature gradients. 

The sand was heated from above with infra-red lights suspended at various heights and lighted 

with lamps of various intensities. 60 larvae were exposed at each set of conditions and their 

responses noted after a period of two days. The number of larvae found in heated and lighted 

sand and the number of larvae found in the shade is indicated, together with the values of X2 

and the probability (p). Statistically significant results are indicated by arrows; movement 

from light to shade is indicated by ~ and movemement from shade to light by t 
A B c D E F G 

Height o f infra-red 60 50 40 50 50 50 50 
lights (em.) 

Light intensity 
(lUX) 

dark dark dark 200 600 1200 14000 

r8~)' 
in IIlightll 33 38 53 38 38 38 38 

rg~)· in shade 26 29 34 29 29 29 29 

No. of larvae 29,0 44,0 20,0 44,0 48, ° 44,0 45,0 
in IIlight" 

No. of larvae 31,0 16,0 40,0 16,0 12,0 16,0 15,0 
in shade 
X2 0,02 12,2 6,0 12,2 20,4 12,2 14,0 

p <0,90 <0,001 < 0, 02 <0,001 <0,001 <0,001 <0,001 
>0 80 >0,01 

I 
~ 
In 
I 



Table 16a. The responses of the larvae of Cueta lanceolatus to light of various intensities at 

three different sand temperatures. 60 larvae were exposed at each set . of conditions and their 

responses noted after a period of two days. The number of larvae found in the light and shade 

is indicated together with the values of X2 and the probability (p). Statistically significant 

shade is indicated by ~ and movement results are indicated by arrows; 

from shade to light by t movement from light to 

Sand temperature 
(OC) 30 35 45 

Light intensity 200 600 1200 14000 200 600 1200 14000 200 600 1200 14000 
(lux) 

No. of larvae 30,0 34,0 29,5* 34,0 32,0 30,5 35,0 39,5 32,5 32,0 27,5 26,0 
in light 

No . of larvae 30,0 26,0 30,5 26,0 28,0 29,5 25,0 20,5 27,5 28, ° 32,5 34,0 
in shade 

X
2 0,0 0,8 0,0 0,8 0,2 0,0 1,4 5,4 0,3 0,2 0,3 0,8 

p >0 ,99 <0,50 >0,99 <0,50 <0,70 >0 ,99 <0,30 <0, OS <0,70 <0,70 <0,70 <0,50 
>0,30 >0,30 >0,50 >0,20 >0,02 >0,50 >0,50 >0,50 >0,30 

" A non-integer denotes larvae midway between two squares. 

, 

I 

I 

I 

""'" 0"-
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Table l6b. The responses of the larvae of Cueta lanceolatus to sand temperature gradients. 

The sand was heated from above with infra-red lights suspended at various heights and lighted 

with lamps of various intensities. 60 larvae were exposed at each set of conditions and their 

responses noted after a period of two days. The number of larvae found in heated and lighted 

sand and "the number of larvae found in the shade is indicated, together with the values of X2 

and the probability (p). Statistically significant results are indicated by arrows; movement 

from light to shade is indicated by ~ and movement from shade to light by t 
A B C 

Height of infra-red 60 50 40 
lights (cm.) 

Light intensity 
I(lux ) 

dark dark dark 

rc5~) . in "light" 33 38 53 

IZ5~)' in shade 26 29 34 

No. of larvae 32,0 41,51< 33,0 
in "light" 

No. o f larvae 28,0 18,5 27,0 
in shade 

x 2 0,2 8,1 0,4 

p <0,70 <0,01 <0,70 
> 0, Sci >0,001 >0,50 

D E 

50 50 

200 600 

38 38 

29 29 

46,0 41,5 

14,0 18,5 

16,0 8,1 

<0,001 <0,01 
>0,001 

F 

50 

1200 

38 

29 

48,5 

11,5 

21,6 

<0,001 

G 

50 

14000 

38 

29 

43,5 

16,5 

11,3 

<0,001 

1f A non-integer 
denotes larvae 
midway between 
two squares. 

I 
.j:>. 

'-l 
I 
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Table 17. The percentage of pits in which no myrme1eontid 

and rhagionid larvae were found at various times of the 

day. The mean temperatures of the warmest sides of the 

pits are also given. These data were obtained from an 

examination of 50 pits of each species at each time of 

day. 

Species Time of Mean temp. % pits without 
day (oC) larvae 

10 a.m. 31,4 0 

L.intermedia 12 noon 29,4 1 

2 p.m. 31,9 0 

10 a . m. 29,4 4 

M.media1is 12 noon 35,6 2 

2 p.m. 33,0 2 

10 a.m. 32,6 4 

H.obscurus 12 noon 47,4 49 

2 p . m. 46,0 54 

10 a .m. 38,0 2 

C.1anceo1atus 12 noon 50,3 37 

2 p.m. 49,5 35 



Time 
of day 

2noon 

2pm 

Myrmeleon 
medialis 

-4 9-

MYrmeleon 

obscurus (shade) 

21 

29 

Myrmeleon 
obsc!J(uS (sun) 

Cueta 
lanceola lus 

Fig. 30. The percentage of myrmeleontid larvae in 

various quadrants of their pits at different times of 

N 

the day (bold figures) . The pits are represented 

diagrammatically as circles and the mean temperature (oC) 

of each quadrant is give n in the inner circl e . The 

direction of the sun's rays is indicated by arrows ",here 

applicable. 
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Table l8a. The number of myrmeleontid and rhagionid 

larvae in the north (N), south (S), east (E) and west 

(W) quadrants of their pits when heated with infra-red lights 

placed at a height of 60 cm. and three different angles of 

incidence (r). The pits were heated from the north side. 

20 larvae of each species were used in each replicate. 

The values of Chi-square (X2) and the probability (p) 

are indicated. Statistically significant -movement of 

the larvae to any particular quadrant is indicated by an 

arrOWa 

Ul 
<1l ;:l 

-rl +> -0 Ul ~ <1l 
III ·rl rl 
S rl .. ° .. <1l ;:l III 
III ·rl () () 

+> -0 Ul I': 
r Quadrant Mean temp. I': III .!l <1l 

'rl S ° rl 
(0C) 

...<1 ::.:1 ::':1 ul 

N 34,2 - P 10* 
5 4 3 

S 33,4 - 4 5 6 
90° 

E 33,8 -
010 

5 6 5 

W 33,6 - 6 5 6 

X 2 - 0,10 0,10 0,55 

p - >0,99 >0,99 <0,95 
>0,90 

N 27,0 - ] 
2 1 ° S 34,5 - 4 16 ...... 9 14~ 

60° 
E 31,7 1 5 3 - J l6-E-W 31,4 - 1 5 3 

X 2 6,00 28,60 4,90 19,40 

p <0,02 <0,001 <0,02 <0,001 
"'0,01 >0,01 

N 27,4 - ] 
2 1 ° 

40° S 34,4 - 5 13 ...... 11 ...... l7~ 

E 29, 8 -
] l5-E-

3 5 2 

\IT 30,4 - 2 3 1 

X
2 

4,00 14,20 8 ,95 34,20 

p <0, OS <0,01 <0,05 <0,001 
>0,02 >0,001 >0,02 

-;< The larvae of 1.. intermedia normally lie with their bodie s 
stretched diagonally acros s the bases of the pits and were 
therefore recor ded as b e ing e ithe r in the north-s outh or 
-~~ t-- -west quadr ants. 

: I 
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Table l 8b . The number of myrme leontid and rhagionid 

larvae in the north (N), south (S), east (E) and west 

(W) quadrants of their pits when heated with infra-red 

lights placed at a height of 40cm. and three different 

angles of incidence (I). The pits were heated from the 

north side. 20 larvae of each species were used in each·· 

replicate. The number of larvae which had migrated 

downwards into the sand away from their pits is given (B), 
while the number of dead larvae is ·indicated in parent,heses. 

No statistical analysis could be performed on these results 

due to the large number of fatalities. 

'" C\l ;j 

'" 
.., 

"(j UJ UJ C\l 
aJ '" ;j M 
S M H ° H C\l ;j aJ 
aJ ." () () 

+> "(j UJ >:: 
>:: aJ .n C\l 

I Quadrant Mean temp. ." S ° M 

(oC) HI ::<:1 ::<:1 ul 
--

N 53,1 0 1 3 

S 53,5 
(10) >:-

0(1) 0 2 
90° 

E 54,3 0(2) 0 1 

w 52,8 (10) 0 ]- 2 

B 0 17 18 12 

N 42,3 5 14 3 

S 55,2 
(10) 0(2) 0(1) 0 

60° 
E 49,4 0 1 10 

W 50,0 ( 8 ) 0 0 7 

B 2 13 4 0 

N 36,9 8 13 4 

S 5 2,7 
1(12) 0 0 1 

40
0 

E 44,6 2 1 7 

W 46,4 
(4 ) 0 0 8 

B 3 10 6 0 

* The larvae of ~.intermedia normally lie with their bodies 

stretched diagollally ncross the bases of the pits and were 

therefore recorded as being either in the north-south or 

cast-west quadr'ants . 
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Table 19a. The number of myrmeleontid larvae in the 

north (N), south - (3), east (E) and west (W) quadrants of 

their pits when exposed to light of various intensities. 

The light was at an angle of 900 and the sand temperature 

was maintained at 18 ~ 3°e. 20 individuals were used in 

each replicate. 2 The values of Chi-square (X ) and the 

probability (p) are given. 

Light Quadrant M.medialis H.obscurus ~. lanceolatus - -7ntensity 
lux) 

N 4 3 8 

3 3 5 4 
600 

E 6 7 4 

w 7 5 4 
X 2 1,00 0,80 1,40 

p 0,80 <0,90 >0,80 <0,80 >0,70 
---

N 4 6 5 

3 8 6 3 
1200 

E 4 4 7 

w 4 4 5 
X2 1,40 0,20 0,90 

p <0, 8 0 >0,7e <0,98 >0,95 <0,90 >0, 8 0 , 
i 

N 5 3 4 

3 6 7 6 
14000 

E 4 5 4 

w 5 5 6 

X
2 0,10 0,90 0,20 

p 0,80 <0,90 >0,80 <0,98 >0,95 I 
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Table 19b. The numbe r o f myrmeleontid larvae in the 

north (N), south ( 8 ), east (E) and west (W) quadrants of 

their pits when exposed to light o f various intensities . 

The light was at an angle of 900 and the sand temperature 

was mainta ined at 35 ~ lOCo 20 individuals of each 

species we r e used in each replicate. The values of 

Chi-square (X 2 ) and the probability (p) are given. 

Light Quadrant M.medialis 1-1 .0bscurus ~.lanceolatus - -
inte')sity 
(lux 

N 7 7 3 

8 4 4 5 
600 

E 6 5 7 
w 3 4 5 

X
2 1,00 0,55 0,90 

p 0,80 <0,95 >0 ,90 <0,90 >0,80 

N 4 4 6 

8 3 4 3 
1200 

E 6 6 7 
w 7 6 4 

X2 1,00 0,20 1,00 

p 0, 80 <0,98 >0,95 0,80 
-

N 4 5 6 

8 4 5 4 
14000 

E 5 5 7 
w 7 5 3 

X2 0,55 0,00 1,00 

p <0,95 >0,90 >0,99 0,80 
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Table 19c. The number of myrmeleontid larvae in the 

north (N), south (S), east (E) and west (W) quadrants of 

their pits when exposed to light of various intensities. 

The light was at an angle of 400 and shone from the north. 

The sand temperature was maintained at 18 ~ 30 C. 20 

individuals of each species were used in each replicate. 

The values of Chi-square (X2 ) and the probability (p) 

are given. Statistically significant movement of larvae 

to any particular quadrant is indicated by an arrow. 

Light Quadrant M.media1is M.obscurus C.1anceo1atus 
intensity 
(lux ) 

N 5 7 8 

S 5 4 3 
600 E 4 3 5 

W 6 6 4 
X2 0,10 1,00 2,15 

p >0,99 0,80 <0,70 >0,50 

N 9 6 3 
S 5 7 8 

1200 
E 3 4 5 
W 3 3 4 

X
2 

3,35 1,00 1,75 

p <0,50 >0,30 0,80 <0,70 >0,50 

N 10 3 3 
, 

S 3 12-+- 5 
14000 

E 3 2 5 
W 4 3 7 

X2 5,00 10,60 0,90 

p <0,20 >0,10 <0,02 >0,01 <0,90 >0,80 

. 

, , 

; 
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Table 19d. The number of myrmeleontid larvae in the 

north (N), south (S), east (E) and west (W) quadrants of 

their pits when exposed to light of various intensities. 

The light was at an angle of 40° and shone from the north. 

The sand temperature was maintained at 35 ± 1°C. 20 

individuals of each species were used in each replicate. 

The values of Chi-square (X2 ) and the probability (p) are 

given. Statistically significant movement of larvae to 

any particular quadrant is indicated by an arrow; 

Light Quadrant M.medialis M.obscurus C.lanceolatus - - . -intensity 
(lux) 

N 6 5 4 
S 3 4 5 

600 
E 7 6 6 

w 4 5 5 

X
2 

1,00 0,10 0,10 

p 0,80 >0,99 >0,99 

N 13 I( 6 5 
S ° 4 7 

1200 
E 3 4 3 

w 4 6 5 
X2 15,80 0,30 0,90 

p <0,01 >0,001 <0,98 <0,90 >0,80 
>0,95 

N 12 I( 2 4 

S 2 11 5 
14000 

E 3 6 4 

W 3 4 7 
)(2 10,60 7,40 0,55 

p <0,02 >0,01 1<0,10 >0,05 <0,98 >0,90 

I 

I 



Fig. 31. The temperature of the surface sand and sand 

at a depth of 6,5 cm . when heated with infra-red lights 

in a constant environment room, and the temperature of 

the surface sand and sand at a depth of 6,5 cm. in the 

field. The field results for black sand were obtained 

from the habitat of Myrmeleon obscurus and those for sea 

sand from the habitat of Syngenes longicornis . In the 

laboratory the sand was heate d from above with infra - red 

lights, suspended at a height of 44 cm., which were 

switched on from 9 a . m. to 5 p . m. each day. 
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Fig. 32. Th e temperatures recorded at various depths in 

sea sand and black sand when t h e surface temperature was 

varied from about 36°C to about 63°C by alterations i n the 

height of the infra - red lamps. All temperatures ",ere recorded 

at noon and the graphs indicate the lines of best fit 

calculated by the method of least squares regression. 
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Fig. 33. The depth of myrmeleontid and rhagionid larvae, 

at noon, in the presence of vertical sand temperature 

gradients . The surface sand was heated to temperatures 

varying from about 36°c to about 63°C. 400 observations 

were made in each e xperiment and the s haded areas indicate 

the position of 75% of the larvae in each case. The 

positions of the larvae were determined to the nearest 

centimeter, except for very large larvae when two centilneter 

intervals were used. 



Fig. 34a. The mean temperature of the surface sand and 

the mean depth of large myrmeleontid and rhagionid larvae 

at various times of the day. Each temperature represents 

a mean of 10 readings, while each depth represents a mean 

of 40 readings. The maximum and minimum depths at which 

larvae were found are also indicated. 
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Fig. 34b. The mean temperature of the surface sand and 

the mean depth of small myrmeleontid and rhagionid larvae 

at variou.s times of the day. Each temperature represents 

a mean of 10 readings, while each depth represents a mean 

of 40 readings. The maximum and minimum depths at which 

larvae were found are also indicated. 
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Fig. 35. The temperature of sand at various depths 

whe n placed in a constant environment room and heated 

from above with infra-red lights. Temperatures were 

were taken at half hourly intervals. The mean depths 

of 40 large (solid lines) and 40 small (dotted lines) 

Myrmeleon obscurus larvae are shown in the lower figure . 
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Fig. 36. The maximum, minimum and mean depths of 

10 large Myrmeleon obscurus larvae at various times of 

the day, and the temperature of the surface sand and 

sand at a depth of 5,5 cm. The sand was heated from 

above with infra-red lights between 9 a.m. and 12 noon, 

as indicated by arrows. 
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The maximum, minimum and mean depths of 10 

Myrmeleon obscurus l arvae·· at various t imes of the day 

10 

when placed in sand which was heate d from above between 

9 a.m. and 8 p.m. each day. The sand was heated with 

infra-red lights and the temperature of the surface sand 

and sand at a dept h of 5,5 cm . is indicate d. 



Fig. 38. The depth of larvae of Myrmeleon obscurus which 

had been kept in a reversed light regime for a period of 

two weeks . During this time it was light from 10 p.m . to 

2 p.m. each day. The sand was heated with infra - red lights 

from 9 a.m. -1:;0 noon, as indicated by the arrows, and the 

temp e r ature of the surface sand, and sand at a depth of 

5,5 em. is given. Each depth represents a mean of 10 

readings and the maximum and minimum depths at which larvae 

were recorded are given. 
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Fig. 39. The upper temperatures tolerated by 480 

l arge (dotted lines) and 480 small (solid lines) larvae 

of various myrmeleontid and rhagionid spec i es when 

placed in a vertical temperature gradient. For 

further details see text. 
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Table 20. The number of myrmeleontid and rhagionid 

+ 0 larvae in sand of various depths at 1 8 - 3 C and at 

12 larvae of each species were used and 

their positions were determined after a period of four 

days . The values of Chi-square (X
2 ! and the probability 

(p) are g i ven where appropriate. 

Speci es Sand Number of X
2 

p 
temp. l arvae 
(OC) 

depth depth 
1 cm. 20 cm. 

L.intermedia 18 6 6 - -
52 3 9 2,04 <0,10 > 0, OS 

M.me dialis 1 8 5 7 0, 8 0 < 0 , 50 >0,30 -
52 2 1 0 4,00 < 0, OS >0,02 

M.obscurus 18 6 6 - -

52 5 7 0,08 < 0 , 80 >0,70 

~ . longicornis 1 8 6 6 - -

52 4 8 0,74 < 0 , 50 >0,30 

C.lanceolatus 18 6 6 - --
52 6 6 - -



Table 21a. The mean survival time and mean weight loss at the time of death of var ious 

myrmeleontid and rhagionid larvae when dehydrated over silica gel at a temperatur e of 

32 ~ lOCo The mean original body weight and the mean t ota l and percentage weight loss 

for each species are also given. The data were ob·tain ed fr om 30 large individu als o f 

each species. 

Speci.es Survival time (days) Original body Weight loss at death 
weight (mg . ) 

max. min ~ mean mean total wt . mean % wt. 
loss/individual lossjindi vidual 

L . intcrmedia 33 15 + 24,5 - 0 , 89 + 22,7 - 1,17 + 4,7 - 0,27 + 21 , 0 - 0 , 75 

~l. medialis 35 20 + 26 , 1 - 0,68 + 65,6 - 4 , 00 + 15,0 - 0 , 83 + 23 , 3 - 0 , 46 

N.obscurus 39 24 + 31,8 - 0,85 + 37,2 - 2,14 + 12 , 0 - 0,59 + 33,2 - 1 ,37 

~.lon.gicornis 39 17 27,2 ±- 1,52 + 142,5 - 13,11 40,8 ±- 3,26 + 28,3 - 1, 01 

C.lanceolatus 46 18 33,1 ±- 1,501 
+ + + 33,3 - 1,29 10,5 - 0,39 31 , 9 - 0,57 

- - . - ----------- ---- - - - - - -- - ----

I 
0-
'-l 
I 



l 

Table 21b. The values of "Student 's t" and the probability (p) for the survival time 

and percentage weight loss of various myrme1eontid and rhagionid larvae which were 

dehydrated over silica gel at a temperature of 32 ± 1 0 C. (From data presented in 

Table 19a.) 

Species Survival time % weight loss 

t p t P 

L.interme clia ef. to M.media1is 1,40 >0,1 2,57 <0,02 >0,01 

L.intcrlllcclia ef. to H . obseurus 5,83 <0,001 8,74 <0,001 

L.intcrmcclia ef . to ~.lon~ieornis 1,51 >0 , 1 5,71 <0,001 

L . intcr-rncclia ef. to C.1aneeo1atus 4, 85 <0,001 11 ,38 <0,001 

H.llIcclialis ef. to H.obseurus 5,26 <0,001 6,74 <0,001 

)1. medialis ef. to ~.longicornis 0,65 >0,1 4,43 <0,001 

01. medialis ef. to C.1aneeo1atus 4,18 <0,001 11,54 <0,001 

H . obscul'ns ef. to ~.longicornis 2,62 <0,02 >0,01 2,83 <0,01 >0,001 

~I . Ob.SC'If'US cf. to C.1anccolahus 0,75 >0,1 0,86 >0,1 

~.longieornis ef. to C.1anceo1atus 2,72 <0,01 >0,001 3,05 <0,01 >0, 001 -
I 

I 
a-
00 
I 
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1,8 

1,6 

Syngenes longicornis 

1,4 

1,2 

1,0 

0,8 

0,6 
Myrmeleon medialis 

Myrmeleon obscurus 

~ lanceolatus 

0,2 
Lampromyia intenTledia 

4 12 20 36 44 52 

DAYS 

Fig. 40. The mean weight loss per day of var ious 

myrmeleontid and rhagionid larvae when dehydrated over 

silica gel at a temperature of 32 + 1°C. 30 large 

final ins tar larvae of each species . were used and the 

mean time at which death occurred in each species is 

indicated by an arrow . 
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Fig. 41. The mean daily weight loss, expressed as a 

percentage of the body weight, of various myrme 1eontid 

and rhagionid larvae when dehydrated over silica gel 

at a temperature of 32 ~ lOCo 30 large final ins tar 

larvae of each species were used and the mean time at 

52 

which death occurred in each species is indicated by an 

arrow. 



Table 22. The mean weight loss , over a 10 day period, for various myrmeleontid and rhagionid 

larvae which were dehydrated over silica gel at both low and high tempe ratures. 30 individuals 

of each species were used at each temperature. The values of "Student's t" and the probability 

(p) are given. 

Species Mean weight loss (mg. ) Temp. Mean weight loss (mg. ) Temp. t p 
at low temperatur e (oC) at high temperature (oC) 

L.inte r mcdia + 2,0 - 0,08 32 + 2,2 - 0,07 36 1,85 < 0,1 > 0, OS 

~!. medialis + 5,9 - 0,09 32 + 5,7 - 0,07 42 1,72 < 0,1 > 0, OS 

"r.obscurus + 4,0 - 0,04 32 + 4,1 - 0,06 42 1,36 > 0,1 

~.longicornis 
+ 15,1 - 0,10 32 + 15,3 - 0,17 46 0,99 > 0,1 

C. lanceolatus + 3,3 - 0,09 3 2 + 3,5 - 0,12 46 1,31 > 0, 1 

I 
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Table 23. The mean body weight of 20 larvae of various 

myrmeleontid a nd rhagionid species before and after a 

24 hour period at a relative humidity of 98%. All the 

larvae were dehydrated over silica gel for a period of 

seven days before the start of the experiment. The 

values of "Student's t" and the probability (p) are given. 

Species Initial wt. Final wt. t p 
(mg. ) (mg. ) 

L . intermedia 27,9 + 1,02 28,1 + 1,05 0,13 > 0, 1 - --
M.medialis 60,3 + 2,46 60,5 + 2,46 0,06 > 0, 1 - -

H.obscurus 49,8 + 2,40 49,6 + 2,40 0,03 >0,1 - --
e..longicornis 168,7 + 7,91 168,9 + 7,91 0,05 >0,1 - -

C.lanceolatus 32 ,6 + 1,57 32,8 + 1,56 0,04 >0,1 - -
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Table 24. 

The mean survival time and the mean percentage loss of 

original weight at the time of death of various species 

of desert insects at 0% relative humidity. For 

comparison, the s u rvival times and weight loss, derived 

from the present study, are given for the larvae of 

Rhagionidae and Myrme l eontidae. 

Species Author 

Poecilocerus Abushama , 1970 

hierogl;)::Eh icus 

(Orthoptera ) 

Adesmia El Rayah, 1970b 

antiqua 

(Coleoptera ) 

Pimelia El Rayah, 1970b 

grandis 

(Coleoptera ) 

LamErom;)::ia 

intermedia 

(Rhagionidae) 

Myrmeleon 

medi.alis 

( Nyrmeleontidae) 

N;)::rmclcon 

obscurus 

(Nyrmeleontidae) 

Syngcnes 

lon!;ico rnis 

(Hyrmelcontidae) 

Cucta 

lanc('.ola Lus 

(~!y!' mc l e on tidilC ) 

33 

29 

29 

32 

32 

32 

32 

32 

50% survival 
time (days) 

1 8 

9-24 

15-24 

24 

26 

32 

27 

33 

Hean % 
wt. loss 

25, 9 

38,0 

49,4 

21,0 

23,3 

33,2 

28,3 

31,9 
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Table 25. The rate of water loss per day at 0% relative 

humidity , expressed as a percentage of original body 

weight , of f our species of Myrme l eontidae, one species 

of Rhagionidae, and v arious desert insects. 

Species Author % wt. loss/day 

Eleodes armata Ahearn and HacUey, 5,0 
196 9 

Cr;n~toglossa Ahearn a nd Ha dley , 1,4 
v errucosa 1 969 

Poecilocerus Abushama, 1970 1,4 
hieroglyphicus 

Adesmia anti qua El Rayah, 1970b 1,6 

Pimelia grandis El Rayah, 1970b 2,0 

Onymacris plana Edney, 1971 a 1,1 

Onymacris laeviceps Edney, 1 971a 1, 8 

Onlmacris Edney, 1971a 1,4 
rugatiEennis. 

Glrosis moralesi Edney, 1971a 2,6 

Calosis amabilis Edney, 1971a 1, 8 

LeEidochora Edney, 1971a 2,0 
argentogrisea 

Ctenolq2isma Edney, 1971a 3,0 
terebrans 

LamErom;via intermedia 0,9 

Hlrmelcon medialis 0,9 

Hlrmeleon obscurus 1,0 

Slngcncs longicornis 1,0 

Cueta lanceolatus 0,9 
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Table. 26. The upper lethal tempera~ure limit, over a 

24 hour period, for various desert arthropods. For 

comparison, the upper lethal limits of the larvae of 

one species of Rhagionidae and four species o f Myrmeleontidae 

are given. 

Species Author RH Mean lethal 
o temp. ( C) 

Pime lia graJdis Clouds ley-Thompson 1 0 43 
(Coleoptera - 1962a 

Ocnera hispida 
(Coleoptera) 

Clouds l e y-Thompson 
1962a 

10 45 

Galeodes grant i Clouds ley-Thompson 10 50 
(Arachnida) 1962a 

Adesmia antigua 
(Coleoptera) 

El Rayah, 1970a 20 46 

Lampromvia 
intcrme dia 90 40,5 
(Rhagionidae) 

M:t:rmeleon medialis 
(Myrmeleontidae) 

90 47,2 

H:t:rmelcon obscurus 90 47,6 
(Nyrmeleontidae) 

~ngenes 
lonO'icornis 90 50,8 
( Hy~meleontidae ) 

I 
Cueta lanceolatus 90 51,9 
(Hyrmelcontidae j 


