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The preflight carbohydrate levels of the flown 

groups were not significantly different from those 

of the unflown locusts (Tables 19 and 20). 

Total carbohydrate levels were low in males 

on day 6 but remained at a steady level on day 5, 

13,18,27 and 3!., with a slight increase on day 43. 

Preflight total carbohydrate levels in flown 

females and levels of total carbohydrates in unflown 

females remained steady throughout life, with a 

slight increase on day 45. 

Preflight total carbohydrates in females were 

similar to those of males on the first four test days 

but slightly higher levels were noticed in males on 

the last two test days. 

Flight results in a decrease in total carbohydrate 

level in the haemolymph. 

b. The amount of total carbohydrate depleted from 
the haemolymph following flight  

The decreases in haemolymph carbohydrate following 

a 30 minute flight period in males at different 

ages are shown in Fig. 11 for males. Similar values 

for females are shown in Fig.12. 

Age did not affect significantly the amount of 

carbohydrates depleted from the haemolymph during 

flight. 

c. The percentage  decrease in total carbohydrates 
following flight  

If the preflight total carbohydrate level is taken as 

C1  and the post-flight level as C2, the percentage 

decrease in total carbohydrates would be 

CR C 1
- 
C2  x 100 

1 

9 8 



Fiq.11: The amounts of total carbohydrates depleted from 
the haemolymph (C

1 
 -C 	and the increased amounts 

, 
of total lipids kL,-Ltil following flight of 
males in mg/ml. LticnSts were flown repeatedly at 
different ages. (Mean - S.E.M.) 

Fig.13: The percent decrease in total carbohydrates and 
the percent increase in total lipids in the 
haemolymph, following flight of males. Locusts 
were flown repeatedly at different ages. 

I (Mean - S.E.M.). 
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Fig.12: The amounts of total carbohydrates depleted from 
the haemolymph (C1  -C.), and the increased amounts 
of total lipids(L

1
-1,
1
2
), followin,) flight in females 

9   
in mg/ml. Locusts were flown repeatedly at 
different ages (Mean 	S.E.M.). 

Fig.14: The percent decrease in total carbohydrates and the 
percent increase i. total lipids in the haemolymph, 
follosinj flight of males. Locusts were flown 
repeatedly at different ages. (:lean 
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The average valOes for Cr  for males and females are 

presented in Figs. 13 and 14 respectively. The values 
C 

of C1-C2 are presented in Tables 12  and 20 for males 
C 

The percentage decrease (C
R
) in total carbohydrates is 

dependent on values of Cf . Low values of C1  may result in 

a higher value of C
R 
although values of 

C1-C2 
may not 

differ from test to test. Alternately, high values of C
l 

may result in low values of CR, although values of C1-C2  

may not differ from test to test. This was noticed in 

6 clay old males, where preflight levels were low. 

The percentage decrease in total carbohydrates varied 

between 37 - 71% in males and 30% to 55% in females. 

Unflown groups showed a fluctuation between 10% to - 12% 

(an increase in total carbohydrates). 

5.2.5 Haemolymph total lipids 

a.  Preflight and post-flight lipid levels  

Preflight and post-flight lipid levels are presented in 

Table 19 for males and in Table 20 for females. 

Preflight lipid levels in flown locusts and the lipid 

levels in unflown locusts did not differ significantly. 

Flight induced an increase in total lipid levels in 

haemolymph. 

In males there was a marked correlation between increase 

in lipids and the developmental state (weight and yellow 

colour) of tested locusts see(Table 19.) Preflight total 

lipids increased from day 6 to day 18 and decreased 

afterwards. Post-flight lipid levels increased up to day 34, 

which correlated with changes in flight performance. Post-

flight lipid levels decreased from day 34 to t3  although no 

decrease was noticed in flight performance. 

1 
and females respectively. 
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Preflight lipid levels increased in females up to day 26 

and decreased thereafter. A similar increase was noted 

in unflown females up to age 26-35 days. Post-flight lipid 

levels increase up to day 20 and remain almost unchanged 

thereafter. 

b. The increase in haemolymph total lipids  
following flight  

The increased amounts of haemolymph total lipids following 

a 30 minute flight period are presented in Fig.li for males. 

Similar values for females are shown in Fig.12. 

The amount of lipid mobilized in flown males increased with 

age, reaching maximal levels on days 27 and 31i, where 

flight performance scores were also high (compare Fici.11 

with Fig.9). A decrease in amount of lipid mobilized was 

seen on day 43 although no decrease in flight performance 

was noted. 

The maximal amount of lipid mobilized in females, following 

a 30 minute flight period was on day 20, just before the 

onset of egglaying. The amounts of lipid mobilized after the 

beginning of egglying were reduced, although no large changes 

in pofA-flight lipid levels were noticed. (Compare Fig.12 

with Table 20). Preflight total lipid levels fluctuate 

after onset of egg laying. 

c. The percentage increase in total lipids 
following flight  

If the preflight total lipid level is taken as L1, and the 

post-flight level as L2, the percentage increase in total 

lipid levels is L
R 

LR = 
L
2
-L
1 x 100 

L
1  
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Average values of L
R 
for males and females are presented 

in Figs. 13 and 14 for males and females respectively. 

Values of L 2-L 1 are presented in Table 19 and Table 20,  

The percentage increase in lipid levels followed the same 

trends as those in total lipids. In females a marked 

decrease in 1 1  was noted after the onset of egg laying from 

day 20 to day 26. This was due to the marked increase in 

preflight lipid levels (L1). 

The maximal percentage increase in flown males was 238% 

while that in flown females was 135%. Unflown males and 

females show fluctuations of 22% to -10%. 

Females first flown on day 34 did not differ in any of the 

parameters measured from females flown repeatedly throughout 

their life (compare Table 21 with Table 20). 

Li  
for males ana females respectively. 
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CHAPTER 6 

THE EFFECT OF ALLATECTOMY ON FLIGHT 
PERFORMANCE AND CHANGES IN HAENOLYMPH 
TOTAL CARBOHYDRATES AND TOTAL LIPIDS 

6.1 Experimental format  

Males were allatectomized 1-3 days after the moult to the 

adult stage. Other males were sham operated. Operations were carried 

out according to the method described in Section 2.8.1. After the 

operation, each locust was individually marked and four experimental 

groups of five locusts in each group, were set up; 

(1) Flown allatectomized 

(2) Unflown allatectomized 

(3) Flown sham operated controls 

(4) Unflown sham operated controls 

Groups (1) and (2) were placed together in one perspex cage 

and groups (3) and(4) in another, in the constant temperature room. 

Preliminary experiments have shown that repeated flight 

experiments cause a shorter life span of tested animals (Wajc and Pener)  

1971). Therefore two series of experiments were set up. In Series 1 

experiments commenced five days after the operation and were carried 

out until day 45 in sham operated controls and day 56 in allatectomized. 

In Series 2 flight experiments commenced 35 days after the operation 
and continued up to day 70 in sham operated controls and day 79 in 

allatectomized. In all experiments the same locusts were repeatedly 

tested throughout their life. Due to mortality, results in some 

experiments are based on four or five animals per group. 

Experiments carried out in Series 1 were sometimes affected 

by mechanical failure. 

6.2 Results 

Experimental results of Series 1 are presented in Table 22 and 

Table 23 for sham operated and allatectomized locusts, respectively. 

Results of Series 2 are shown in Table 24 and Table 25 for sham operated 

and allatectomized males, respectively. 
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Table 22: 	Weight, colour, flight performance and changes 

in flown and in:flown sham operated males 

Flown 

in haemolymph total carbohydrates 

of Series 	1. 	(Mean ! 
and total 

S.C.M.) 

Unflown 

lipids 

Croup 

Age in 
days 	11 16 24 31 38 45 11 16 24 31 38 45 
No. 	of 
locusts 	3' 5 5 5 5 4 4. 5 5 5 5 5 
Weight 	1.47! 1.551  1.57-

.   1.581  1.441  1.501 1.551  1.651  1.671  1.641  1.551 3.561  
0.11 0.05 0.04 0.57 0.08 0.07 0.07 0.09 0.10 0.11 0.15 0.16 

Colour 	1.5 2.51 6.53 12.13  12.91  14.41  1.5 2.81  10.21  13.71 15.2: 15.51  
0.6 0.7 0.9 0.7 1.0 0.4 0.9 0.7 0.3 0.5 

Flight performance 

Method (1)10.33  22.81  18.01' 21.41  18.61  11.8! 
1.3 3.5 	' 3.2 5.1 4.0 5.1 

Method (2)40.31  105.8= 63.0: 88.81  103.01 68.81  
7./ 19.3 3.2  13.7 33.2 39.2 

Haemolymph carbohydrates 

C1 	65.431  97.421  92.733  72.581 73.35: 123.501  36.911  110.01: 88,381 69.711 96.1161  105.531  
7.65 4.45 7.65 4.75 7.18 7.66 5.72 3.42  6.30 5.53 9.62 6.76 

C2 	29.131  57.143  40.591  47.361  37.021 83.091  30.74! 94.573  86.79: 72.841  92.43: 114.61  
6.27 7.42 5.14 4.88 4.51 11.35 6.07 3.34 08 2.87 

C1-C2 	36.291  36.423  52.07= 57.041 42.371  35.41  8.66: 15.421  6.991  -3.131  2.431  - 7.33 
13.38 6.11 6.40 5.35 5.59 6.73 5.40 4.5! 4.62 5.27 4.19 7.9 

C1-C2  -c, 	0.5251  0.3921  0.5613  0.6763  0.5331  0.2931  0.232! 0.1371  0.0801 -0.071  0.0931 0.0971  
0.069 0.048 0.063 0.054 0.068 0.111 0.039 0.055 0.08 0.034 0.048 0.138 Cl 

 

liar. 	lymph Lipids 

L 	8.401  6.591  8.611  9.381  8.681  5.95: 6.281 6.561  7.013  9.45,  9.07! 7.331 A 	1.27 0.24 0.61 1.48 0.65 0.72 0.73 0.45 0.56 1.21 1.55 
L2 	13.211  13.451  13.681  19.261  20.571  1.26 I 7.961  7.31: • 10.29.1 9.881 8.353 

2.73 1.70 1.78 3.19 6.94 0.35 1.07 0.85 4.35 1.68 1.38 
L1- L 4.81= 2 6.861  5.021  9.851  13.35: 6.773  1.771  1.271  0.88= 0.81= 1.22= 

1.57 1.62 3.45 2.77 6.73 3.13 1.67 0.43 0.70 0.91 0.43 

L1- L2 	0.5521  1.0401  0.6831  1.1931  1.8011  1.127! 0.4081  0.237= 0.115= (Low!: 0.2361 
0.142 0.250 0.373 0.381) 0.886 0.562 0.318 0.074 0.083 0.113 0.100 

Some results were lost due to mechanical failure. 
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Table 23: Weight, colour, flight performance and changes in haemolymith total carbohydrates and total 

lipids in flown and unflown allatectomited males of Serlos 1 (Mean I S.E.M.), 

FLOWN 
	

UN FLOWN 

Age in days 	9 16 22 30 37 43 56 9 16 22 30 37 43 56 

No.of locusts 
tested 	5 5 5 5 5 5 4 5 5 5 5 5 5 5 

Weight 	1.411 1.591  1.71! 1.73! 1.72= 1.681 1.69! 1.501 1.601 1.691 1.731  1.731  1.661 1.661 
0.07 0.09 0.06 0.0G 0.10 0.08 0.12 0.09 0.08 0.07 0.08 0.0) 0.07 0.09 

Colour 	0.05 0.4 1 0.7 t 0.7 1  0.5 1 0.6 I 0.8 1 0.8 1 1.1 	1 0.8 1 0.6 = 0.4 1  1.2 2 0.5 I 
0.1 0.2 0.1 0.2 0.1 0.1 0.2 0.3 0.1 0.1 0.1 0.3 0.2 

Flight 	perform:lure 

Method (1) 18,81 26.41 23 1 19.81  16.21 25.01  27.31 
3.8 1.7 1.6 3.4 4.2 1.9 1.8 

Method (2) 63 I 116.41 84.8 76.21 72.01 87.41 121.5! 
17.3 13.3 14.3 12.8 24.1 18.4 21.1 

Ihemo lymph Carbohydrates 

C1  63.551  
13.27 

94.761 
6.77 

91.07! 
1.51 

65.75 
12.93 

69.87! 
5.52 

94.881 
8.75 

69.28! 
6.40 

50.30! 
8.95 

85.12! 
3.99 

97.12! 
5.48 

65.20! 
5.78 

84.0 
5.15 

84.661 
1.66 

70.00: 
6.15 

C2 32.05! 43.961 56.501 32.651 36.45: 44.211 23.71! '6.50= 86.221 92.68! 53.531  82.25! 87.85! 64.85: 
11.35 5.81 4.20 5.80 6.64 6.70 2.65 11.42 6.61 5.48 5.89 7.00 6.77 4.94 

C- C 31.50 1 50.79 1 34.36 J. 33.091 33.331: 50.672 45.57! 4.80. -1.10! 4.43. 12.76! 6.5' -3.191 5.141 12 5.40 5.84 4.36 4.73 3.52 9.48 4.60 4.03 5.70 8.12 2.57 2.85 7.82 3.25 

C-C/C 0.5401  0.537! 0.3781  0.5031 0.4381 0.5271 0.6571  0.1321-0.0141 0.0481 0.198: 0.0821-0.043! 0.00!:: 
121 0.330 0.046 0.048 0.075 0.061 0.078 0.028 0.084 0.067 0.086 0.044 0.034 0.0,5 0.0813 

Bail,,,,, I ',Mph 1 i 	/iLi 
L
1  4.89- 

0.86 
6.221 
0.70 

5.781 
0.94 

9.811 
1.21 

9.591 
1.78 

9.401  
1.13 

11,51: 
2.07 

4.801 
0,98 

5.181 
0.35 

5.481 
0.38 

12,981 
0.51 

9,111 
0.58 

10,521 
1,01 

8..(1 : 
4.45 

12 10.591  
1.86 

24.001 
5.26 

20.081 
5.56 

25.401 
4.69 

26.041 
4.64 

28.57! 
3.68 

19.251 
1.61 

6.731 
1.08 

6.631  
0.91 

5.481 
0.03 

13.321 
1.06 

12.011 
1.23 

11.592 
0.64 

30.911  
3.79 

L2-1.1  5.71! 17.781 14.301 15.581  16.751 19.171 7.74! 0.731 1.451  0.39! 0.421 29.041 1.071 2.851 
1.37 4.84 5.46 5.02 3,35 2.90 1.13 0.33 0.92 0.17 0.58 1.60 0.40 0.58 

L-L1A1 1.2301 2.8361 2.631 1.8051  1.8201 2.0711 0.7691 0.1351 0.2931  0.0811 0.026! 0.3521  0.1191 0.3722  2 0.270 0.664 1.09 0.640 0.361 0.326 0.185 0.058 0.177 0.043 0.040 0.182 0.047 0.1W 
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Table 26: 	Weight, colour, 
lipids 

flight performance and changes 

in flown and nnflown sham operated 

Flown 

in haemo lymph total carbohydrates 

males of Series 2. (Mean I S.E.M. and total 

Croup Unflown 

Age in 
days 	38 48 55 62 70 38 48 55 62 70  

No. of 
locusts 	5 5 1, 3 5 5 t 5 4 

Weight 	1.82 1.60= 1.67= 1.75= 1.77=  1.541  1.61= 1.50= 1.47= 1.35= 

in w. 	0.13 0.12 0.17 0.17 0.17 0.06 0.07 0.07 0.10 0.03 

Colour 	15.51  16.6= 15.8= 16.0 16.0 14.9= 14.5= 14.7= 15.0= 13.4= 
0.2 0.6 0.3 0.6 0.6 0.6 0.6 0.6 

Elisht performance 

Method (1)16.6= 22= 25.3= 23.3: 23.3= 
3.4 4.3 4.3 2.9G 5.2 

Method (2)97.2! 110= 95.0= 96.3: 108.7! 
20.1 27.6 27.2 21.7 35.8 

Haemolymph Carbohydrates 

Cl 	80.511  
5.54 

75.25,  
3.42 

71.98= 
6.13 

73.93= 
7.04 

107.00: 
10.90 

62.20= 
1.69 

86.601  
6.61 

75.79= 
5.81 

72.49= 
15.31 

78.331  
2.88 

C2 
	

45.931  
3.63 

39.15=  
4.17 

62.04: 
14.69 

41.20: 
4.44 17.08  

63.54- 
3.39 

82.801  
".28 

75.791  
7.19 

67.72: 
11.35 

75.00: 
0 

C-C 34.32•  36.10= 9.94= 32,73: 30.38= 0.34- 3.80= pl. 9.09=  5.831  
I2 _5.28 1.71 8.69 ...55 6.03 2.59 4.46 3.'.1 7.09 0 

C-C/C0.4231  0.,.35•  0.164= 0.444= 0.5001  0.005= 0.036= 0.002= 0.086= 0.0731 
11 0.038 0.035 0.134 0.010 0.080  0.041 0.053 0.047 0.010 0.010 

Hacmolymph lipids 

LI 	10.41= 11.22= 7.35= 6.71= 4.56= 16.91= 6.97= 6.15= 5.181  5.32! 

1.74 2.04 2.09 0.83 0.67 2.29 0.28 0.43 0.68 0.63 

19.95: 25,691.  19.42= 13.34= 18.40= 15.50= 7.58= 6.52= 4.42= 5.63: 
1,, 	1.88 2.34 4.48 1.75 5.33 2.05 1.01 0.63 0.96 0.63 

9.55= L2 L1 1.97 
14,46- 
1.20 

12.071  
2.88 

11.66= 
1.18 

13.841  
4.71 

-0.96= 
0.27 

0.60= 
0.97 

0.52: 
0.75 

1.07= 
0.53 

0.32= 
0.32 

L -L 1.0£b= 1.513= 1.780! 1.775! 0.726= -0.050= 0.087= 0.042! 0.285: 0.071= 
21 0.328 0.410 0.215 0.368 0.010 0.136 0.080 0.085 0.071 0.354 L1  
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Tahle122: Weight,' colour, flight performance and changes in haemolymph total carbohydrates 
and total lipids in flown and unflown allatrctomized ailuu of Series 2. (Mean = S.E.M.) 

Age in 
days 38  48 

Flown 

56 63 71 79 38 48 
Onfloyn 

56 	63 71 79  

No. of 
locusts 5 5 5 5 5 

% 	5  
5 5 

Weight 1.671  1.651  1.681  1.651  1.60 ' 1.641  1.731  1.681  1.651  1.641 1.61 	= 1.561  
0.10 0.03 0.08 0.09 0.07 0.08 0.09 0.10 0.09 0.07 0.07 0.09 

Colour 0 0.21  O 0.1= - . 0.51 0.61  0 0.21  
0.12 0.10 0.19 0.12 

Slight 	performance 

Method (1)18.61  23.61 20.2! 23.2= 25.61 23.5! 
4.60 2.54 6.02 4.40 1.81 6.50 

Method (2) - 1321 106.81  1031  124= 128.51  
12.89 34.80 33.70 15.04 36.64 

Haemolymph carbohydrates . 

C1  65.221 
3.88 

83.021 
2.66 

79.791  
3.04 

84.501  
4.25 

83.551  
8.53 

103.501 
2.66 

65.09- 
6.79 

65.621 
2.56 

75.421  
3.78 

85.751  
13.98 

79.621 
2.65 

95.771  
4.69 

C2 38.121  
)0.14 

39.251  
6.53 

45.621  
7.84 

57.561  
46.48 

66.52: 
9.94 

60.891  
5.96 

63.44: 
10.00 

62.361 
1.82 

76.611 
4.47 

86.861  
3.58 

b0.7-,1  95.77: 

C 1-c2 26.571  43.771  32.461  20.531  17.031  42.4: 0.111  1.451  1.191  1.641  -1.131 7.691  
10.61 8.77 7.44 4.25 16.19 8.o 6.32 0 0 0 5.33 

C-C /c 0.4071  0.5181  0.4101  0.2311  0.128= 0.4o61  0.0151  0.02: 
0.103 

 0.015= 0.029: -0.013: 0.077: 
I21 0.145 0.090 0.093 0.656 0.230 0.070 0.02 0.017 0.052 0-.017 0.035 

Hacmolymph lipids 

10.761  10.471  11.60! 12.301  14.35- 11.851  17.351  17.311  9.78= 11.931  12.00! 11.641 
1.56 1.44 1.65 1.74 3.16 0.87 3.27 1.49 0.68 1.25 1.0.; 1.76 

L2 
19.451  
1.66 

23.781  
1.86 

21.451  
2.67 

28.001  
4.64 

20.651 
3.87 

5.851  
6.14 

19.421  
6.74 

18.39= 
2.63 

10.971  
4.80 

13.27! 
1.09 

14.091 
1.99 

12.501  
0.51 

L2-L1 8.711  13.311  9.801  15.691 6.301  14.001  4.261  1.091  1.c;41 1.6671 2.09: 0.34,1  
1.85 1.82 2.52 5.86 1.25 6.72 1.74 3.59 3.91 1.264 1.3% 2.12C 

L-L 0.9081  1.5931  0.9611  0.8111  0.504! 1.2821  0.1921  0.103! 0.134: 0.1641% 0.255- 0.076: 
21 0.216 0.274 0.276 0.614 0.146 0.630 0.096 0.170 0.051 0.172 0.104 0.183 1.1  

• Not recorded 



6.2.1 Weight  

The changes in weight throughout the experiments arc shown 

in Tables 22, 23, 24 and 25. 

There were no significant differences in weight between 

flown and unflown males or between allatectomized and sham operated 

males. Males first tested in Series 1 have not reached full somatic 

growth. 

6.2.2 Colour scores  

The colour score of males was recorded as described in 

Section 2.9. Results are presented for males of Series 1 in 

Tables 22 and 23  and histograms of Fig.15. Similar results for males 

of Series 2 are shown in Tables 24 and 25 and histograms of Fig.16. 

Sham operated Males of Series 1 gradually develop yellow 

colouration. Those of Series 2 were yellow coloured upon the 

commencement of flight experiments. There were no significant 

differences in colour between flown and unflown sham operated males. 

Allatectomized males show only a slight yellow colouration 

on the hind wings; their body colour turned dark brown upon ageing in 

a similar way to that of females. 

6.2.3 Flight performance  

Flight performance was scored according to the two methods 

already described in Section 2.3. Results are presented in Tables 22,and 

23 and Fig.15 for males of Series 1 and in Tables 24 and 25 and Fig.16  
for males of Series 2. 

There were no significant differences between flight 

performance of allatectomized and sham operated males in either method 

of representation. In Series 1 some reduction in performance of sham 

operated control males was noted. 

6.2.4 Haemolymph total carbohydrates  

a. Preflight and post-flight total carbohydrates  
levels in haemolymph 

Results are presented in Tables 22 and 23 for Series 1  

and Tables 24 and 25 for Series 2. 

1 1 1 



Fig.15:  The flight performance scores and colour scores 
of allatectomized and sham operated males 
(Series 1) , flown repeatedly at different ages. 
(7=173 r;. m 

Flight scores (Method (2)): 

Sham operated males 

0—.0 Allatectomized males 

Colour scores: 

0 Sham operated m'Aes 

0 Allatectomized males 
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Fig .16:  The flight performance scores and colour scores 
of allatectomized and sham operated males (Series  2), 

+  
flown repeatedly at different ages. (Mean -- S.E.M.). 

Flight scores (Method(2)): 

Sham opec.ated males 

Colour scores: 

0 	0 Allatectomized males 
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0 	Allatectomized males 
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Fluctuations in total carbohydrates preflight levels 

were noticed in males of Series 1 on different experimental 

days. These fluctuations may be attributed to differences 

in food quality from one experimental clay to the other and 

the effect of changes in constant room temperature and 

photoperiod due to mechanic failure that occurred in the 

course of the experiment. 

The preflight total carbohydrate levels in flown males and 

total carbohydrate levels in samples taken from unflown 

controls, did not differ significantly from one another. 

There were no significant differences between allatectomized 

and sham operated control males. 

b. 	The amount of total carbohydrates depleted from 
the haemolymph  following flight  

Results are presented in Tables 22 and 23 and in Fig.17 

for males of Series 1 and in Tables 24 and 25 and in Ei.18 

for Series 2. 

There were no significant differences in amount utilized by 

sham operated males compared with allatectomized insects. 

Age did not seem to affect the amount of total carbohydrates 

utilized. 

Unflown males generally show small changes in amount of total 

haemolymph carbohydrates during the experimental period. 

c. 	The percentage decreased in  total carbohydrates  following, 
flight  

Results are presented in Tables 22 and 23 and in Fig.19 

for Series 1 and in Tables 24 and 25 and in Fig.20 in 

Series 2. 

No significant differences were noticed between sham 

operated and allatectomized males at the different ages 

tested. 



Fig.17: The amounts of total carbohydrates depleted from 
the haemolymph (C -C,), and the increased amounts 
of total. lipids (?: -t ), followino flight of 

1 
allatectomized and

2 
 sham operated males (Series 1) 

in mg/ml. Locusts were flown repeatedly at 
different ages. 	(Mean 	S.E.N.). 

O Sham operated males 

O Allatecto;Jized males 

Fig.19: The percent decrease in total carbohydrates and the 
percent increase in total lipids in the hJemolymph, 
following flight of allatectomized and sham operated 
males (Seri_1). Locusts were flown rr...potedly at 

different ages. (Mean 

O Sham operated males 

O Allatectomiz.ed males 
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Fig.18:  The amounts of total carbohydrates depleted from the 
haemolymph (C -C,), and the increased amounts of total 
lipids (L -L

° 	
Tellowing flight of allatectomized and 

1  sham operateti males (Series 2) in mg/ml. Locusts were 
flown repeatedly at different ages. (Mean - S.E.M.). 

0 Sham operated males 

0 AllatectoJdzed males 
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Fig.20:  The percent decrease in total carbohydrates and 
the percent increse in total lipids in thin 
haemolymph, followiag flight of allatectomized 
and sham operated males (Series 2).  Locusts were flown 
repeatedly at different ages. (Neon - S.E.M.). 

0 	Sham operated males 

0 	Allatectomizeci males 
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642.5 Haemolymph total lipids 

a. Preflight and post-flight total  lipid levels 

The results for males of Series I are presented in 

Tables 22 and 23 anal for males of Series 2 in Tables 24 and 25. 

In allatectomized flown males of Series  1 and Series 2, 

preflight lipid levels tended to increase with age. Sham 

operated males of Series 2 showed a gradual decline in their 

preflight lipid levels in both flown and unflown groups. 

The preflight lipid levels in sham operated males was 

significantly lower on days 62 and 70 (p = 0.025-0.01) 

from preflight levels of allatectomized mules. 

b. The increase in haemolymph total lipids 
following flight  

Results are presented in Tables 22 and 23 and in 1'ig.17 for 

males of Series  1  . Similar results are presented in 

Tables 24 and  25 and Fig.18 for males of Series 2. The 

amount of lipid mobilized by allatectomized males of 

Series 1  was low on the first test day, but remained almost 

unchanged on following experimental days. The amount of 

lipid mobilized by sham operated males increased slightly 

up to day 38(corresponded with development of yellow colour) 

and declines on day 45. The average values were higher in 

allatectomized males on all experimental days, but were not 

significantly different from those of sham operated males. 

In Series 2, differences between allatectomized and sham 

operated males were not statistically significant. 

c. Percentage increase in total lipids following 
flight  

Results are presented in Tables 22 and 23 and in Fig.19,  

for males of Series I.  Results for males of Series 2 are 

presented in Tables.24 and  25 and in Fig. 20. 

Allatectomized males of Series 1  showed maximal average 

values on days 16 and 22 (which were not significantly 



i 2 -1 

different from each other). Some decline was noticed 

in subsequent experiments. The percentage change in sham 

operated males Series 1 increased gradually and followed 

their flight performance (compare with Fig.15). 

The gradual decline noticed in average value• of 

allatectomized males in Series 2, may be attributed to the 

gradual increase in their preflight lipid levels, since 

actual amounts mobilized 56 and 63 did not differ from 

those on day 48 (compare Fig. 20 with Fig.18), Low values 

on day 71 cannot be accounted for as there. was no change in 

flight performance recorded on that day. 

Unflown males show some changes in lipid levels during 

the experimental flight period,especially the sham operated 

tested on day 11. 
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CHAPTER 7 

THE EFFECTS OF IMPLANTED CORPORA 
ALLATA UPON FLIGHT 

7.1 Eerimental format  

Corpora allata taken from sexually mature L.m.m. males 

were implanted into male and female locusts 24-48 hours after the moult 

to adult stage. Sham operated locusts received muscle tissue removed 

from the corpora allata donors. The procedure of operation was carried 

out as described previously in Section 2.8.2. 

Male and female locusts were each divided into four 

experimental groups: 

(1) Flown implanted locusts 

(2) Unflown implanted locusts 

(3) Flown sham operated locusts 

(4) Unflown sham operated locusts 

Each group consisted of 5 locusts and males of groups (1) and 

(2);(3) and (4) were caged together in Perspex cages; thus the density 

was 10 locusts per cage. Sexes were kept separate. Flown and unflown 

females were separated and kept at a density of 5 females per cage. 

Two series of experiments were carried out with each sex. 

In the first series locusts were flown on three occasions and killed on 

day 27 (females) or day 28 (males). In the second series, locusts 

were flown on five occasions and were killed on day 40 (females) or 

day 44 (males). The procedure for the flight experiment was described 

in Section 2.4. On the completion of each series, locusts were killed 

and measurements were made of the following parameters: (1) weight; 

(2) colour; (3) volume of host corpora allata glands and presence of 

implanted C.A. checked; (4) thoracic and abdominal fat body removed, 

dried and weighed; (5) measurements of oocyte development in females; 

(6) wet and dry body weight. Results of these measurements are 

presented in Section 4.2.6. In the following section, results of data 

collected only on day of flight experimentsare presented. 
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7.2 Results 

Experimental results based on data collected from five 

locusts in each group are presented separately for males and females 

as follows. 

7.2.1 Flight  of  males 

Results of experiments carried out in Series 1 are 

presented. in Table 26  (a and b) and those of Series 2 in Table 27 

(a and h). 

Flight experiments in Series 1 commenced 5 days after moult 

to adult stage while those of Series 2 commenced on day 9. 

7.2.1.1 Weight 

Implanted males of Series 1 showed a significant increase in 

weight between days 5 and 10 with almost no change until termination 

of experiment on day 28. Implanted males of Series 2, showed little chang 

in weight during the experiment. These males have reached on day 9 a 

similar weight to implanted males of Series 1 on day 10. There were no 

significant differences between flown and unflown implanted malcs. 

Sham operated males of Series  1 showed a significant 

increase in weight between days 5 and 12 and a slight increase (although 

not.  statistically significant)on each of the following test days. In 

Series 2 sham operated males showed an increase in weight between day 9 

and 17, although this was not statistically significant. Flown males 

of Series 1 reached similar weight to that of males of Series 2. 

Unflown males of Series 1 showed a significantly lower weight which 

was a typical (compare with results of other experiments described in 

Chapters 5 and 6).  There were no significant differences in weight of 

flown and unflown males of Series 2. 

In both series, sham operated males reached the plateau of 

constant weight at a slightly later age than implanted males. 

Data collected on day 28 in Series 1 was added to Table  26 

(a and b). 
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T,,10 26a: Wei ght, colour, flight performanco and changes in haemolYmph total 

carbohydrates and total lipids of implanted and sham operated flown 

nales of Series 1. (Mean I lijiam.) 

Age 	 5 days 10-12 days 17 days 26 days 

Treatment 	I S I 

Veioht 	in 	1.2; 
curs 	0.03 

1.27: 
0.01 

1.61,1  
0.07 

1.421  
0.02 

1.66: 
0.04 

1.62: 
0.02 

1.591 
0.00 

1.621 
0.03 

Colour 	1.94  
0.1 

0.74 
0.2 

8.4t 
2.5 

29.24 
7.3 

4.14 
0.5 

15.0= 
3.6 

63.21 
12.6 

1.81 
0.2 

16.8= 
4.4 

67.21 
14.0 

12.71 
1.2 

20.6= 
5.6 

1054 
32.9 

8.11 
o.8 

25.61 
3.4 

94.6= 
10.6 

13.91 
1.2  

12.11 
0.5 

Night performloce 

Method (1) 	16.2: 
4.1 

Method (2) 	74.61 
2.3 

Macmolymph carbohydrates 

106.0! 
2.21 

105.91 
0.2% 

128.91 
6.30 

101.41 
4.60 

Cl 	64.724 
7.3 

83.121 
8.26 

C2 	36.94= 
4.47 

43.75= 
2.40 

65.721 
7.70 

56.67+ 
5.03 

82.071 
16.32 

44.34  
6.62 

CI-C2 	27.771  
4.80 

C1-C2 	0.4244  
C 	0.053 

39.371  
6.56 

40.251 
7.10 

47.06= 
6.53 

46.854 
11.13 

57.11  
6.5 

0.4631  
0.033 

0.36i! 
0.069 

0.442! 
0.058 

0.3761 
0.091 

0.564: 
o.o6o 

Maeralymph 

6.061 
0.37  

6.811 
0.35 

6.624 
0.65 

7.834 
1.19 

6.46= 
0.77 

L1 	6.714 
1.00 

L2 	14.454 	' 
2.07 

8.271 
1.02 

15.27: 
1.24 

13.13.1 
1.56 

14.611 
3.h6 

is.081 
1.84 

L2  -LI 	7.731  
0.89 

2.19= 
0.87 

8.46= 
1.36 

6.56= 
1.94 

6.73: 
3.61 

12.82: 
2.02 

L2-L1 	1.234 
-E--- 	0.21 

0.3613  
0.132 

1.239.! 
0.274 

1.1164 
0.385 

0.0851 
0.404 

2.131 
o. 

1 



ynt2le 26b: Weight, colour end changes in hacsolymph total carbohydrates and 
total lipid in,imrIanted end pham operated celflowu males of 
Serie. 1.  (Mean ! S.E.M.) 

Age 5 days 10-12 days 17-27 ddvs 28 ddvs 
Treatment 1 S I ' 	S I S I S 
Weight in 

tells 
1.261  
0.0'. 

1.29! 
0.01 

1.63! 
0.04 

1.64! 
o.es, 

1.601  
0.02 

1.78! 
o.06 

1.63! 
0.04 

1,881 
0.08 

Colour 2.0: 0.6! 
0.2 

3.7! 
0.74 

1.6! 
0.19 

11.4! 
1.41 

9.8! 
1.17 

13.5! 
1.5 

13.6: 
0.24 

naemotymo 

101.31  
4.87 

91.871  
3.68 

103.11  
9.4 

82.41  
6.25 61 

C 
2 

C1-C2 

C1-C2  

70.271  
5.11 

55.431  
2.78 

70.27- 
5.05 

52.751  
4.06 

99.051  
7.16 

95.621  
3.68 

105.81  
7.5 	 
o.62! 
4.21 

73.771  
6.25 
2.51! 
1.53 

0 It" 
3.16 

2.68! 
3.40 

2.20! 
2.61 

4.93! 
1.40 

0.031  
0.04 

0.0731  
0.044 

0.0251  
0.027 

0.014! 
0.012 

0.018! 
0.042 

0.045! 
0.011 

Cl  

H9saam.14 lipid. 

8.921  
1.17 

5.761  
0.22 

6.361  
0.27 

7.141  
1.85 

8.871  
2.23 

L1  

L2 

2 

L2-1.1 
Li 

6.911 
0.20 

7,351  
0.50 

8.001  
0.84 

6.931  
0.51 

6.171  
0.50 

6.751  
/.46 

8.80! 
2.10 

-0.06! 
0.05 

0.631  
1.16 

0.921  
0.42 

1.871  
0.61 

-0.181  
10.39 

0.431  
0.49 

0.078: 
0.112 

0.9851 
0.047 

O.2"5:  
0.055 

-0.0331 
0.062 

0.065: 
0.052 

-0.0041 
0.060 
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Tablo 27nt Weight, colour fliuht performance and changws in hacmolymph total carLahydrntes and total 

11p1dA in implanted and sham operated flown miles of Serics2. (Mean 1. S.E.4(.) 

9 days 
1 	S 

16-17 days 
I 	S 

26-25 days 
1 	S 

31-32 days 
I 	S 

38-39 days 
I 	S 

Weight 
in t°' 1.642  1.682  1.9/2  1.922  1.962  1.931  7.98: 1.82! 1.94! 1.87! 

0.05 0.06 0.06 0.07 0.07 0.07 0.081 0.10 0.07 0.091 

Colour 2.31  0.601 7.11  1.7= 11 2  5.7= 13.6= 11.0= 14.6! 12.91  
0.211 0.20 1.35 0.10 1.60 0.68 1.00 1.06 0.75 0.80 

Flinht performance 

Method (1) 10.8= 16.23 9.21 24.81  14.21  14.21 13.21  18.41  14.21  161 
3.1 2.7 5.3 3.3 5.8 5.1 5.3 3.85 5.7 5.3 

Method (2) 46.8= 67.8= 39.61  97.6= 66.41  72.01  60  I 59.3! 64.0! 62.3! 
16.1 10.2 23.1 17.6 29.7 31.1 25.2 8.82 24.6 35.8 

memoly.p6 carbohx!irates 

CI  

	

53.09! 	52.67! 

	

" 1.77 	1.83 
61.371  
3.40 

86.67! 
5.56 

62.29! 
6.3o 

77.711  
5.35 

62.04! 
6.67 

60.01  
6.t6 

74.51! 
8.08 

65.17= 
2.41 

C2 37.73=  
!2-A 

27.79= 
4.84 

42.35= 
2.80 

30.04! 
7.78 

40.571  
4.91 

42.10! 
2.61 

19.151  
6.67 

34.10! 
5.14 

48.63! 
10.37 

39.66! 
6.72 

15.36! 24.92! 19.021  42.691  27,68! 35.62! 22.893  25.90! 25.883  25.5.21 C i-C2  
4.65 4.15 6.24 6.06 4.0o 6.29 5.52 3.96 6.14 6.02 

CI-C2 0.281= 
0.081 

0.4773 
0.080 

0.2913 
0.091 

0.5853 
0.061 

0.351= 
0.052 

0.465= 
0.065 

0.367= 
0.074 

0.4373  
0.042 

0.372.= 
o.o89 

0.316: 
0.691 

C1 

Hatm,q)mph lipidN 

L1 6.16= 4.603  9.03= C.44! 7.98= 6.941  5.91= 11.44! 6.52! 5.56- 
0.66 0.36 0.61 1.01 1.13 0.27 0.99 4.18 0.62 0.74 

L. 10.871 6.031 13.591 19.531  15.631  14.951  13.231  22.791  13.083 15.471 
_2.54 0486 2.99 3.62 3.45 2.33 2.11 1.84 3.57 6.11 

L - L 	• 4.711  1,451  5.761  11.091  8.141  8.01: 7.321  11.351  8.57= 9.233  
2 	1 2.24 0.66 2.80 3.02 .1 .62 2.42 2.24 3.17 3.71 2.75 

L- L 0.729= 0.3061 0.6811  1.3023  1.030- 1.1661  1.455! 1.673  14.792  1.359= 
2I 0.324 0.122 0.329 0.342 0.305 0.371 0.524 0.52 0.772 0.303 
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Toble 276: Weight, colour and changes in haemolymph total carbohydrates and total • 

lipids in lmplanted and sham operated unflo“n males of Series 2.(Mean 3  s.r.m.) 

9 days 1G days 

5 

24 days 

I 

31-32 days 38 days 

1 

Weight 

Colour 

1.731  
0.085 

1.661  
0.09 

1.801  
0.12 

1.991  
0.09 

1.86! 
0.11 

2.013  
0.1 

1.75! 
0.11 

1.99: 
0.09 

1.761  
0.12 

1.91! 
0.15 

2.1! 
0.19 

0.5! 
0.1 

5.81 
0.60 

2.0! 
0 

10.2: 
0.90 

8.6! 
1.60 

12.2: 
1.26 

13.51 
0.71 

15: 
1;00 

15.8: 
0.41 

Unemolymph Cal bohydratCS 

65.69! 
2.76 

64.373  
2.78 

63.24! 
6.02 

67.62! 
2.67 

61.003  
3.70 

61.393  
3.37 

76.51! 
5.18 

72.41! 
4.55 

Cl 

C2 

Cl  C2 

CI-C
2  

56.281  
1.77 

51.74! 
1.83 

53.09L 
1.77 

51.011  
0 

51.761  
1.96 

62.40: 
2.38 

69.141  
6.59 

65.141  
4.61 

60.74! 
3.20 

65.741  
3.43 

75.691 
5.11 

7.07! 
0.17 

3.193  
0.10 

0.331  
0.10 

14.301  
5.00 

3.54: 
2.07 

0.63! 
0.14 

7.43! 
5.26 

0.743  
2.6] 

4.36! 
3.37 

1.961 
2.39 

0.171 
0.18 

• 
0.0561  
0.010 

0.003! 
0.039 

0.2061 
0.067 

0.0533  
0:030 

0.097! 
0.026 

0.025! 
0.093 

0.005! 
0.050 

0.076: 
0.060 

-6.016: 
0.033 0.062 

• 
Cl 

Haemoly2ph lipids 

5.321  
0.45 

8.241  
0.68 

8.40: 
0.82 

6.311 
0.58 

7.461 
0.94 

6.251 
0.30 

9,95 I 
7.42 

5,673 
0.58 

6,:6: 
1.22 

Li 

1,2  

L -2  LI  

L2-L1 

6.981  
1.15 

6.581  
0.-6 

-0.31! 
0.79 

6.293  
1.04 

7.463  
0.43 

8.13: 
1.09 

6.87: 
4.00 

8.23: 
1.07. 

6.041  
0 

10.80 1  
14.56 

6.33: 
0.77 

7.13! 
1.55 

1.42= 
0.60 

0.951  
0.43 

0.36! 
0.62 	. 

0.84! 
0.010 

0.801  
0.26 

0.56: 
0.003 

0.85 I 
1.59 

0.86! 
0.40 

0.931  
0.3 

-0.020: 
0.080 

0.170! 
0.155 

0.0903  
0.060 

0.049: 
0.049 

0.092! 
0.057 

0.10$! 
0.036 

0.024: 
0.050 

0.106: 
0.187 

0.1541 
0.069 

0.1751 
0..141 

L
1 



7.2.1.2 Colour Scores 

Colour of males was recorded according to the method 

described in Section 2.9 , Results are presented in Table 26 (a and b) 

and Table 27 (a and b), and in Fig. 21 (Series 1) and Fig. 22 (Series 2). 

Implanted males develop yellow colouration at an earlier 

age than sham operated males. The rate of development of the yellow 

colour was enhanced in males of Series 1 and may be attributed to 

different external factors as temperature and quality of food. 

There were no significant differences between flown and 

unflown males with respect to colour scores. 

7.2.1.3 Flight performance 

Flight performance was recorded by two methods as described 

previously in Section 2.3 . Results are presented in Table26and 

27 and in Figs. 21 and 22 for the two series. 

Flight performance of implanted males on day 5 (Series 1, 

method 2) was higher than that of the sham operated group. In 

Series 2, sham operated males showed a higher flight performance on 

day 17 than implanted males. On all other. occasions there were only 

slight differences in performance of implanted and sham operated males. 

7.2.1.11 Haemolymph total carbohydrates 

a) Preflight and post-flight total carbohydrates 
level in haemolymph  

Preflight and post-flight total carbohydrates level 

were similar in implanted and sham operated males of 

Series 1 (Table 26). Sham operated males of Series 2  

(Table 27) show significantly higher preflight levels on 

days 17 and 25 than those of implanted males. 

Some increase in preflight total carbohydrates with age 

was noticed in males of the two experimental series. In 

Series 1 implanted males showed a greater increase than 

sham operated ones, while in Series 2 the increase was more 

marked in the flown sham operated males. Unflown sham 

operated males did not show great variations with age. 

1 3 1 



Fig.2l: The flight performance and colour scores of 
implanted and sham operated males (Series 1), 
flown repeatedly at different ages. (Mean 2-; S.E.M.). 

Flight scores (Method (2)): 

0 	0 	Sham operated males 

implanted males 

Colour scoreE.: 

63 	Sham operated males 

0 	Implanted males 
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The flight performance and colour scores of 
implanted and sham operated maje,r; (Series 2), 
flown repeatedly at different aes. (Mean 	S.E.M.). 

Flight scores (Method (2)): 

	

0-•- --0 	Sham operated males 

	0 	Implanted males 

Colour scores: 

Shum operated males 

0 	lmplanted 
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b) Amount of total  carbohydrates depleted from 
the haemolymph following flight 

Implanted and sham operated males (Series 1) utilized 

similar amounts of carbohydrates from haemolymph during 

flight (Fig 25). In Series 2 (Eig.2D sham operated 

males showed a higher utilization on day 17. On other 

experimental days, there were no significant differences 

between implanted and sham operated males. Amounts of 

carbohydrates utilized by implanted males in Series 1 was 

greater than those of Series 2. 

Changes in unflown males, during the experimental period 

were relatively small except on one occasion (implanted 

males on day 16 in Series 2). 

c) Percentage decrease in total carbohydrates 

following flight 

The percentage decrease in total carbohydrate in implanted 

males was similar to that of sham operated ones in Series 1 

(Fig.25) except day 17. On day 17, sham operated males 

utilized relatively more carbohydrates than implanted males 

(p = 0.05 - 0.025). There was almost no difference between 

males of Series 1 to those of Series 2. (Fig.26). 

Changes in unflown groups are relatively small (Table 26 and 

7.2.1.5 'llaemolimph total lipids  

a) 	Preflight and post-flight lipid levels 

Preflight haemolymph total lipid levels were similar in 

implanted and sham operated males of the two Series 

(Table 26 and 27). Postflight lipid levels in implanted 

males of Series 1 vary very slightly with age, while those 

of sham operated males increased gradually with age. The 

post-flight lipid level in implanted males on day 5 was 
significantly higher than that of sham operated ones 

(p = 0.05 - 0.025). 



Fici.43: The amounts of total carbohydrates depleted front 
the haemolymph (C

1 	
). and the increased amounts 

of Loi;a1  lipids (L,-L,/, iollov:ing flight of 
implanted and shamoprated 	1), in 
mg/m1. Locusts were flown repeatedly at different 
ages. (Mean S.E.M.). 

0 	Sham operated males 

Ei 	Implanted males 

Viq.,h 	The percent decreee in total carbohydrates and the 
percent increase in total lipids in the haemolymph, 
following flight of implanted and sham operated 
mules (Series 1). Locusts were flown repeatedly at 
different ages. (Mean - 5.5. M. 

Li 	Sham operated males 

0 	Implanted males 
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Fig. 4.: The amounts of total carbohydrates depleted from 
the haemolymph (C 	and the increased ZiMOUNt of 
total lipids (L, -lam )- followlnD flight of implanted 2  and sham m operated males (Series 2)in mg/ml. Locusts 
were flown repeatedly at different ages. (Mean j -.E.N,). 

Sham operate,' malec 

0 	implanted males 

The percent decrease in total crbohydrates and the 
percent increase in total lipids in tic haemolympn, 
following flight of implanted and sham operated 
males (Series  2). Locusts were flown repeatedly at 
different ages. (Mean 	S.E.M.). 

0 	Sham operated males 

0 	Implanted males 
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Implanted and sham operated males of Series 2 showed 

similar preflight and post-flight lipid levels, except 

on day 32 where sham operated males showed a significantly 

higher post-flight lipid level (p = 0.05 - 0.025). 

b) The increase in haemolymph total lipids following  
flight  

Experimental results are presented in Tables 26 and 27 and 

in FicF23 and 24. 

Amount of total lipids mobilized by implanted males on day 

5 (Fig.3) was significantly higher than that of sham 

operated males (p = 0.025 - 0.010) in Series 1. Little 

change was noticed on the subsequent two tests (Series 1) 

in implanted males. Sham operated males showed a gradual 

increase in amount mobilized into haemolymph, with age, 

although there was no significant difference between 

implanted and sham operated males. There was little 

difference between implanted and sham operated males of 

Series 2, although sham operated males showed a significant 

increase between day 9 and 17 (p = 0.05 - 0.025) and no 

such increase was noticed in implanted males. 

c) The Percentage increase in total lipids following  
flight 

Experimental results were presented in Table 26 and Fig.25  

for Series 1 and in Table  27 and Fig.26 for Series 2. 

In Series 1, implanted males showed a significantly higher 

change (p = 0.01 - 0.005) than sham operated males. Sham 

operated males showed a gradual increase with age, while 

implanted males showed little change. 

There were little differences between implanted and sham 

operated males of Series 2. Sham operated males showed a 

large increase between days 9 and 17 (p = 0.05 - 0.025) 

while no such trend was noticed in implanted males. 
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7.2.2 Flight of females 

Flight experiments of Series 1 commenced on day 6 and on 
day 8 in Series 2. 

7.2.2.1 Weight 

Results are presented in Table 28 and Table 29 (a and b). 

Implanted females showed an enhanced increase in weight 

with age which may be correlated with oocyte development. Implanted 

females of Series 1 started to lay eggs on day 13, while sham 

operated locusts on day 21. In Series 2, implanted females started 

to lay eggs on day 15 and sham operated locusts on day 24. 

Fluctuations in weight after onset of egg laying may be correlated 

with cycles of oocyte development. 

7.2.2.2 Flight performance 

Experimental results are presented in Tables 28 and 29 

and in Figs 27 and 28 for Series 1 and Series 2,respectively. 

Implantation did not affect flight, performance of females of Seri.:: s I. 

In Series 2, sham operated females showed a significantly higher flight 

performance on day 22 (method (1) p = 0.01 -.- 0.005 and method (2) 

p = 0.03 - 0.025) than implanted females. This may be attributed to 

onset of egg laying in implanted females on day 15. 

7.2.2.3 Haemolymph total carbohydrates 

a) Preflight and Post-flight total carbohydrate  
levels in the haemolymph  

Results are presented in Tables 28 and  29. Implantation 

of corpora allata glands did not affect significantly the 

preflight total carbohydrate levels in the haemolymph in 

the two experimental series. In Series 1 post-flight total 

carbohydrate levels in implanted females were not 

significantly different from those of sham operated. In 

Series 2, sham operated females show lower post-flight 

levels than implanted ones on day 15 (p = 0.05 - 0,025) and 

day 22 (p = 0.005 - 0.001). 
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Table 28:  WeiJht, flight porformance and changes in hamolymph total carbohydrates 
and total lipida in flown and tutfloon implantod and shard operated 
females. (Seri's 1). 	(Mean = S.E.M.) 

Flown 	 Unflown 
6-7 days 	13-15 Cloys 	22 days 	6-7 days 	13-15 days 	22 days 

1 1 1 S 1 

Weight 1.67! 1.61: 	2.49! 2.17! 2.59! 2.54! 1.621  1.42 2.45 = 2.17: 2.56! 2.41: 
0.06 0.04 	0.06 0.10 0.09 0.13 0.07 0.08 0.12 0.07 0.17 0.08 

Flioht performance 

Method (1)13.8! 20.2= 	24.21  19.03  29.6! 26.2! 
5.8 5.4 	2.75 3.9 0.4 1.6 

Method (2)55.6! 79.81 104.41 76.61 123.41 10.4! 
27.4 22.3 	15.2 19.6 10.2 20.4 

Haemolymph carbohydrates 

C1  
7.851  72.281111.713  84.061 104.0! 102.41! 67.02! 123.71! 92.181 92.811 106.91 116.9! 
2.40 3.17 	15.40 5.21 4.23 6.61 4.60 0.63 14.63 7.25 10.44 0.31 

C 54.171 34.171 61.091  48.25! 33.87! 38.54! 62.85! 124.31  98.57! 91.56= 109.27! 105.24! 
4.00 4.94 	15.43 5.12 10.23 3.10 3.36 0.49 19.12 3.81 2.91 4.43 

C1-C2 22.68! 58.111 	50.62! 35.81! 70.161  63.701 4.17! 0.40! -0.625! 1.25! -1.61: ;1,10: 
4.34 3.71. 	11.71 7.90 11.25 5.63! 5.77 0.59 1.00 5.40 5. 5,) 6.85 

C1-C, 0.2931 0.531= 0.462! 0.361! 0.6711  0.621! 0.044= (1.023:-0.0',6 0.0011  -0.034! 0.0501 

0.053 0.060 	0.102 0.058 0.106 0.023 0.082 0.048 0.106 0.053 0.041 0.046 
CI  

Raemolymph 1 	iris 

LI 5.31! 
0.61 

	

4.56! 	9.051.  

	

0.24 	0.45 
4.24! 
0.66 

10.74! 
0.71 

10.10= 
0.91 

5.11 
0.61 

2.76! 
('.17 

9.793  
2.21 

3.tiO! 
0.47 

9.59: 
2.65 

7.10! 

1. 9.13! 8.51! 	12.54! 10.09! 16.431 14.53! 5.331  2.871  10.01! 6.011 6.99! 
2 0.70 1.40 	2.00 1.19 2.17 2.39 0.49 1.68 2.55 0.63 1.03 1.33 

L2  -L1  3.821  
0.80 

	

3.95! 	4.42! 

	

1.30 	1.56 
5.85! 
1.34 

5.701  
2.60 

4.43! 
0.21 

2.24! 
2.46 

0.10! 
0.20 

0.281  
0.60 

2.211  
0.9„  

0.791  
0.12 

0.241 
1.21 

2 	1 0.793• 
0.222 

	

0.8553 	0.5141  

	

0.290 	0.193 
1.570! 
0.440 

0.5851 
0.266 

0.440! 
0.194 

0.060! 
0.0160 

0.0541  
0.090 

0.111 
'0.076 

0.8101 
0.510 

0.2581 
0.050 

0.023! 
0.119 
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Tnhle 29a: Weight, flight performance and changes in haeno1y.01 total carbohyOrates 
. 	and total liptd8 in flown and implanted and sham op..rated females of 

Series 2, (}teen 	S.V.M.). 

8 days 
I 	S 

15 days 
I 	S 

22-23 days 
I 	S 

29-30 days 
I 	S 

36-37 days 
1 

Weight 1.761  
0.10 

1.931  
0.(X, 

2.62! 
0.15 

2.221  
0.06 

2.731  
0.19 

2.701  
0.04 

2.691  
0.15 

2.571  
0.09 

2.771  
0.16 

2.641  
0.12 

Flight perfermance 

I7.0. = 
4.3 

29.6! 
0.6 

27.61  
0.7 

16.01  
6.8 

30.0 1  
0 

27.41  
1.67 

25.81 
4.0 

24.61  
3.4 

26.8! 
3.0 

Method 

Method 

(1) 16.61 
3.6 

(2) 66= 
16.6 

63.8= 
16.2 

125.6= 
16.7 

119.61  
6.2 

78.81  
31.2  

71.571  
3.73 

163.81  
7.2 

69.111  
5-.23 

144.81  
14.6 

66.861  
6.09 

1361  
25.5 

69.441 
3.70 

131.61  
20.9 

72.35= 
7.25 

162.21 
16.6  

69.9t 
0.44 

Maemo1)ph Carla:hydra:ea 

53.821  
4.31 

54.73= 
3.1 

CI  

C2 

C1-C2 

CI-C2 

49.31  
2.51 

53.221  
2.33 

36.911  
3.35 

23.401 
2.81 

41.82= 
0.85 

20.871  
0 

47.531 
4.61 

27.611  
0 

61.121 
4.86 

28.721 
7.91 

66.872 
2.33 

30.79= 
3.36 

12.331  
2.56 

24.831  
2.411 

12.001  
1.0 

33.85- 
2.51 

24.061 
0.53 

41.781 
6.14 

23.741  
4.70 

40.731  
8.10 

27.48. 
5.03 

39.631  
0.72 

0.25/1  
0.014 

0.4681  
0.066 

0.2021  
0.167 

0.6171  
0,022 

0.3301 
0.067 

0.5921 
0.047 

0.3621  
0.064 

0.5881  
0.108 

0.3661  
0.060 

0.5661  
0.42 

Cl  

Maerolympft Lipids 

5.041  
0.38 

9.042  
0.94 

6.571  
0,38 

1.761  
0.54 

9.081  
0.93 

9.151  
0.37 

6.982  
0.75 

8.691  
0.88 

6.061 
0.45 

LI 

L, 

L21  

L2-41 T___ 

8.191  
0.92 
7.841  
0.63 

8.371  
0.14 

12.602  
1.47 

15.991  
3.15 

17.001  
3.01 

30.011  
0.78 

15.591  
1.81 

16 ‘0q= 
2.37 

13.781  
1.10 

19.03= 
3.64 

" 0.351  
0.87 

3.471  
1.37 

3.562  
1.32 

14.181  
3.0: 

7.381  
2.77 

21.161  
0.76 

6./.91  
1.56 

9.061  
3.08 

5.091  
0.96 

12.971 
3.25 

. 0.010= 
0.096 

0.4631  
0.239 

0.414= 
0.172 

1.7751  
0.468 

0.7441  
0.288 

2.511  
0.35 

0.737= 
0.170 

1.341  
0.41 

0.6151  
0.137 

2.1751  
0.527 
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Table 29b:  Weight and changes in haemolymph total carbohydrates and 

total lipids in unflown implanted and sham operated 

females of series 2. (Mean 	S.E.M.) 

8 days 15 days 	22-23 days 29-30 days 	36-37 days 

I 	S 	I 	S 	I 	S 	I 	S 	I 	S  

Weight 	1.871 	1.911 	2.651 	2.201 	2.521 	2.581 	2.761 	2.291 	2.661 	2.581  

	

0.06 	0.03 	0.07 	0.05 	0.10 	0.06 	0.10 	0.05 	0.05 	0.09 

Haemolymph  carbohydrates 

CI 

C2 

Cl-CC,  

C1-C2 

55.101  
4.2o 
51.81 
4.o 

3.31  
2.4 

0.0581 
0.046 

49.261 
2.86 
Ag.5g1 
1.65 

-0.331  
2.31 

-0.0141 
0.045 

56.731 
4.6o 
59.091 
0.58 

-2.731  
2.00 
0.371 
0.032 

57.261 
4.05 

56.56= 
2.56 

0.911  
2.73 
01 

0.05 

64.111 
5.65 

56.861  
3.7o 

2.401  
1.59 

0.1421 
0.016 

55.641 
1.90 

56.241  
3.43 

- 0.061 
0.31 

-0.0121 
0.053 

55.891 
4.00 

52.521  
3.59 

4.51  
1.14 

0.065= 
0.033 

52.991 
5.21 

.. 
48.25:- 
7.69 

4.741 
3.60 

0.0861 
0.068 

62.611  
4.1)4 

._ 
57.22- 
5.5o 

10.611 
3.39 

0.0751 
0.090 

58.151  
2.90 

52.611 
2.37 

5.201 
2.7o 

0.0841 
0.041 

1 

BacmolyEph 

L
1  

L2 

1,
2
-L
1 

L2-L1 

lipids 

5.631 
0.37 

6.441 
0.84 

0.801  
0.50 

0.1281 
0.073 

10.081  
1.91 

9.421  
1.46. 

- 0.661  
0.61 

-0.0221  
0.070 

5.541 
0 

6.531  
0.38 

1.111  
1.77 

0.1861  
0.093 

11.891  
1.01 

11.251  
1.12 

-0.261  
0.83 

-0.0041  
0.073 

10.801  
1.32 

12.611  
0.21 

1.811  
1.74 

0.1871  
0.183 

10.371  
3.91 

10.181  
0.85 

-0.021 
0.05 

-0.0251 
0.050 

9.311 
1.69 

8.941  
1.65 

3.731  
4.55 
0.0291  
0.060 

8.011 
3.06 

7.821 
0.63 

0.191  
0.65 

0.0231  
0.082 

7.961 
0.70 

8.141 
0.81 

4.851 
5.03 
0.0671 
0.062 

10.691 
1.59 

8.991  
1.33 

-1.771 
0.56 

-0.1541  
0.035 1.1 



Fig.27: The flight performance scores of females 
(Series 1) flown repeatedly at different 
ages. (Mean - S.E.M.). 

0•••••• 0 Sham opeLatud feiaales 

Implanted females 
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Eif2.28: The flight performance scores of females 
(Series 2)flown repeatedly at different 
ages. (Mean  

0- • • -0 Shau operated females 

Implanted females 
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b) The amount of total carbohydrates depleted 
from the hacmolymph following flight 

Results are presented in Tables 28 and 29 and Figs. 29 and 

30. Differences between implanted and sham operated were 

not significant in Series l,while in Series 2, sham 

operated females utilized more carbohydrates on day 8 

(p 	0.005 - 0.001) and day 15 (p = 0.05 - 0.025). 

c) The percentage decrease in total carbohydrates  
following flight  

Differences between implanted and sham operated females 

were slight in Series 1 Fiq.31. In Series 2 Fiq.32;sham 

operated females showed greater average changes, but 

only values of day 8 were significantly different from 

those of implanted females (p = 0.025 - 0,010). 

7.2.2.4 hia.emolymph total lipids  

a) Preflight and post-flight lipid levels 

Flown implanted females of Series 1,Table  283had a 

significantly higher lipid levels than sham operated cles 

on day 13 (p = 0.005 - 0.001). Flown sham operated 

females reached comparable levels on day 22. The increase 

may be correlated with the enhanced oocyte development 

of implanted females. Flown implanted females of Series 2 

Table 29, show significantly higher preflight lipid levels 

on days 8 (p = 0.025 - 0.010))day 15 (p = 0.025- 0.010) 

and day 36 (p = 0.025 - 0.010),than those of sham 

operated ones. 

No significant differences were noticed in post-flight lipid 

levels of females of Series 1, while sham operated females 

of Series 2 had significantly higher post-flight lipid levels 

on day 23 ( p = 0.010 - 0.005). 



Fig.29: The amounts of total carbohydrates and depleted 
from the haemolymph (C

1
-C) and the increased 

amounts of total lipids tL 
2
-L ), following 
 1 

flight of implanted and sham operated females 
(Series 1) in mg/ml. Locusts were flown 
repeatedly at different ages. (Mean - S.E.M.). 

O Sham operated females 

O Implanted females 

Fig  31: The percent decrease in total carbohydrates 
the percent increase in total lipids in the 
haemolymph, following flight of implanted and 
sham operated females (Series 1).Locusts were 
flown repeatedly at different ages. (Mean 	S.E.M.). 

O Sham operated females 

O implanted females 
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Fig.30:  lhe amounts of total carbohydrates depleted 
from the haemolymh (C -C, ) and the increased 

fl 
amounts of total lipiOs (1

'2  -L1 ' 
) following 

flight of implanted and sham operated females 
(Series 2) in mg/ml. Looasts were flown 
repeatedly at different ages. (Mean - S.E.M.). 

O Sham operated females 

• implanted females 

perco!lt decrease in total carbohydrates and 
the percent increase in total lipids in the 
hacmolymph, following flight of implanted and 
sham operated females (Series 2). Locusts were 
flown repeatedly at different ages. (Mean 2- S.E.M.) 

• Sham operated females 

• Implanted females 
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b) The increase in haemolymph  total lipids 
following flight 

No differences between implanted and sham operated 

females were noticed in experiments of Series 1 

(Table 28, Fig 29). Sham operated females mobilized 

higher amounts into haemolymph after fliuht, in Series 2 

(Table 28, Fig. 30) on clays 15 (p = 0.025-0.010) and 23 

(p = 0.005 - 0.001). 

Unflown females of both experimental series show little 
change in lipids in haemolymph during the experimental 

period. 

c) The percentage increase in total lipids  
following flight  

There were no significant differences in the relative 

change in post-flight lipid levels in implanted and sham 

operated of Series 1 (Table 28, Fig.  31). Implanted 

females show a lower average in relative change on day 13 

than sham operated ones, but this may be due to their 

higher preflight lipid levels. 

Flown sham operated females of Series 2 (Table 29Fig.32)  

show a significantly higher relative change on days 15 

(p . 0.05 - 0.025),23 (p = 0.005 - 0.001) and 36 

(p = 0.05 - 0.025). 
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CHAPTER 8 

THE EFFECT OF STARVATION UPON FLIGHT 

8.1 Experimental format  

The object of the experiment was to find the effect of 

starvation on flight performance and changes in haemolymph total 

carbohydrates and total lipids. 

Twenty males were taken from a crowded culture 13-15 days' 

after the imaginal moult and placed in two cages containing ten 

locusts in each cage. Each locust was marked individually, weighed 

and its colour recorded. The locust cages were placed in the 

experimental constant temperature room and locusts were fed in the 

morning for one hour. Food was removed after a feeding period of 

one hour, for four hours (until 3 p.m.) when fresh food was placed 

again in the cages. In one cage, the food was removed after one hour 

and animals were starved for 42 hours. In the other cage, food was 

not removed and animals were fed on fresh grass after 18 hours. In 

each cage a Petri dish with cotton wool soaked in water was available. 

Before flying the locusts, their weight and colour was 

recorded. Flight experiments were carried out according to the 

procedure described in Section 2.5. Fed animals were tested first 

(to avoid the possible onset of a starvation period before flight) 

and immediately following their flight, the starved locusts were 

flown. Unflown fed and unfed locusts were tested last. 

After flight locusts were killed and the wings removed. 

The gut(containing food remnants) was removed and weighed (gut fresh 

weight), dried and weighed again. The fat body was collected from 

the thorax and abdomen, dried and weighed (dry fat body weight). 

The carcasses left were weighed (fresh body weight) dried and weighed 

again (dry body weight). (See Section 2.10). 

8.2 Results 

Results are presented in Table 30. 



Table 30z Effect of starvation en flight.Yalues aro presented as Mean • - S.E.M. 

Flown Unflown 

fed starved fed starved  

Weight • 	(1) . 	1.6344 0.055 1.6941 0.063 1.5931.  0.070 1.6461 0.116 
()MS 

4  (2) 1.768= 0.063 0.057 1.7461  0.089 1.522= 0.049 

% increase 
in weight 

40.1061 0.023 -::::17: 40.0961  0.015 -0.155= 0.025 

Wet body
weight 

0.9661 0.015 0.817  1 0.031 0.907= 0.048 0.822= 0.039 

Dry body 
weight 

0.339= 0.012 0.299= 0.020 0.324= 0.013 0.2721  0.027 

% Water 0.6491  0.013 0.6351 0.013 0.6401 0.018 0.712= 0.048 

Out wet wt. 0.148-1  0.0085 0.10424 0 0.16441 0.0167 0.1260: 0.0184 

Gut dry wt. 0.0294 0.0020 0.0331  0 0.0261 0.005 0.0261  0.005 

% chsnge  0.8044 0.011 0.7641  0.01 0.7901  0.024 0.7941  0.013 

f.b.weight 0.0541 0.0057 0.0191  0.006 0.0221  0.003 0,707: 0.00::: 

Flight performance 
Method (1) 	8.31  3.5 10.24 1.5 
Method (2) 35.41  16.8 40.4! 7.2 

Ilacmolymph total carbohprates 

C 	 30.54 	2.12 29.161  2.44 35.09= 1.63 36.07: 4.47 
1 

C2  23.82= 2.54 12.651 1.30 31.71 1.09 34.651  4.68 
C1-C2 6.68= 3.10 14.261  0.71 4.561 0.52 1.644  0.53 
C1-C2/C1 0.206= 0.008 0.5074  0.053 0.1284  0.011 0.0334  0.021 

Macmolvmph total 	lipids 

4.3431 0.348 7.614= 1.014 6.157= 0.525 7.4591  1.137 
L2 8.412= 2.863 12.7044  2.258 5.7254  0.761 6.6511  0.437 
L2  L1 4.3611  3.025 5.0901  1.851 0.361= 0.373 1.1064  0.632 
L2-L1/L1 0.9284 0.60 0.747= 0.269 0.038= 0.072 0.118= 0.054 

(1) initial weight 

(2) weight after 42 hours in fed and starved males 
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8.2.1 Weight 

a) Total bodxlipjght 

The initial total body weight of flown and unflown 

starved males did not differ significantly from that 

of flown and unflown fed males. The weight of fed 

males increased during the following 48 hours but that 

of the starved locusts decreased. The difference in 

weight between fed and starved flown males was 

statistically significant (p = 0.025 - 0.010) but the 

difference in average weights of fed and starved 

unflown controls was not statistically significant. 

b) Wet lmly weight 

The average wet body weight of flown fed males was 

significantly higher than that of unfed flown ones 

(p 	0.005 - 0.001). There was no significant difference 

in wet body weight between starved and fed unflowl mals. 

c) Dry body weight 

The average dry body weight oC fed flown males did not 

differ significantly from that of starved flown ones. 

There was no statistically significant difference in 

the average dry body weight of unflown fed and unflown 

starved males. 

d) Gut weight 

The gut wet weight of fed males differed significantly 

from that of starved males. Fed males, whether flown 

or unflown, had a higher average weight than starved 

males (p = 0.005 - 0.001 for flown males and 

p = 0.010 - 0.005 for unflown ones). There was no 

significant difference in dry gut weight of flown 

starved males and flown fed males. The average dry 

gut weight of unflown fed males was significantly higher 

(p = 0.010 - 0.005) than that of unflown starved males. 
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e) The fat body dry weight 

The average weight of the fat body was significantly 

higher in unflown fed males than in unflown starved 

males (p = 005 - 0.001). There was no significant 

difference between the flown males - fed. and starved. 

8.2.2 Flight performance 

There was no significant difference in average values of 

flight performance recorded by the two scoring methods between fed and 

starved males. Flight performance scores were low, since 13-15 day 

males were used. These scores were comparable with others described-

in Chapter 5. 
8.2.3 Haemolymph total carbohydrates 

Preflight total carbohydrate levels did not differ 

significantly in flown or unflown, fed or starved males. 

The amount of total carbohydrates utilized (C
2
-C

1 
in flovn 

starved males was higher than that of unflown fed ones (p = 0.005). 

There was no significant difference in amount of total carbohydrates 

utilized by flown fed males from that of unflolm fed ones. The amount - 

of carbohydrates utilized by starved flown males was significantly 

higher than that of fed flown males (p = 0.05). The percentage change 

in carbohydrates following flight, was significantly higher in starved 

unflown males from that of fed ones (p = 0.005 - 0.001);also starved 

flown males show a larger change than flown fed males (p = 0.025 - 0.010). 

There was no significant difference in the percentage change in 

carbohydrate levels of fed 'flown and fed unfleorn males. 

8.2.4 Haemolymph total lipids  

Flown starved males had a significantly higher preflight 

lipid level from flown fed males (p = 0.025 - 0.010); but not so 

from unflown fed males. There were no significant differences in 

the increased amount of lipids in haemolymph following flight, between 

fed and starved males, whether flown or unflown. The same applied to 

the percentage change in the lipid levels following flight. 
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CHAPTER 9 

CHANGES IN HAEMOLYAPH TOTAL CARBOHYDRATES 
AND TOTAL LIPIDS AT VARIOUS PERIODS AFTER 

FLIGHT 

9.1 Experimental format  

It was the object of the following experiment to follow 

the changes in the haemolymph after flight•had terminated. 

Five crowded males 30-31 days after fledging were flown -- 

for half an hour. Five other males were used as unflown controls. 

On the test day, locusts were removed from the cage, 

weighed, their colour recorded and placed in the wind tunnel room 

for 30 minutes before being flown. A blood sample (Sample 1)was 

taken from each locust and the locusts were then flown for 30 minutes. 

Immediately-  after flight, blood Sample 2 was taken. Locusts were then 

allowed to stand in a small cage at room temperature (2J-23°C) and 

three more blood samples taken. Sample 3 was taken 30 minutes, 

Sample 4 90 minutes, and Sample  5 180 minutes after the flight period. 

Unflown locusts were treated in a similar way, blood samples 

being taken at the same time intervals. Unflown locusts were placed 

in the wind tunnel but were not flown. 

Each blood sample was analyzed for haemolymph total 

carbohydrates and total lipids as described in Section 2 .7 

9.2 Results  

9.2.1 Weight, colour and flight performance 

Results for flown and unflown males are presented in 

Table 31. Flown males did not differ significantly from unflown 

ones in their weight and colour score. The flight performance of 

males was within the performance achieved by sexual mature males 

described in other experiments. 

9.2.2 Haemoiymph total carboh,drates 

The average values for total carbohydrates levels in the 

haemolymph of flown and unflown males of the various blood samples, 



Table 31; The weight and colour scores of flown and unflowri males and the flight 

performance scores of the flown males. (Mean - S.E.M.). 

Weight 
	

Colour S core 	Flight performance 

1 	 2 

Flown 	1.995 1  0.069 	15.51  0.7 	13.41  2.25 	60.41  12.34 

Unflown 	1.9311  0.141 	14.91  1.1 

0\ 



are presented in Fig.33. There were no significant differences 

between flown and unflown males in all the samples tested, although 

the levels in flown locusts was always lower than in unflown ones. 

If C
1 
 is the preflight carbohydrate level in the haemolymph 

and C2,  C3, C
4' 

and C
5 

the post-flight levels at various time 

intervals, then C 	C 	where n = 2, 3, 4, 5 would be the amount of 
1 	n+1 

total carbohydrates utilized at the various time intervals after 

flight. Average values for C
1 	

C 	are presented. in Fig.34 for 

flown and unflown males. 

The amount of total carbohydrates utilized taken from a 

sample immediately after termination of flight (30 minutes after 

Sample 1, (C1 	Cd )in flown males did not differ significantly from 

that of unflown males. The difference C
1 	

C
3 

was significantly 

higher (p = 0.05 - 0.025) in flown males than that of unflown males. 

The values C
1 	

C
4 

and C
1 

- C
r 
were not significantly higher in 

flown males. 

If the values C
1 
- C

n+1 
are divided by C1  , 1 	n, C 

	
C-1-1 

C
l 

would be the percentage change in total carbohydrates in the various 

samples from its preflight level. Average values for the various 

samples are presented in Fig.35. 

The percentage change in total carbohydrates in flown males 

was significantly different from that of unflown males only 

immediately after flight (p = 0.05 - 0.025). 

9.2.3 Haemolymph total lipids 

Immediately after flight the lipid levels in flown males 

Fig.33  were significantly higher (p = 0.05 - 0.025) than those of 

unflown ones. The levels of total lipids continued to increase 

(but not significantly so) in the sample taken 30 minutes following (sample 3) 

flight. In Sample 4 lipid levels started to decrease and they 

continued to do so in Sample 5.  Lipid levels of Sample 5 were not 

significantly different from the level of Sample l,but still 

significantly different from Sample 5 levels of unflown males 

.(p = 0.025 - 0.010). 

62 



F5(1„33 Prerlig!;1 and post-flight; haeinalymph total 
carbell:yin.:Itcs and total. lipids in the 
Ilz:,e01011;:pli of f7lown anti cofitrol. locusts. 
(ing/ml 	rloati 	S.E•Z'l• )• 

Et 	Control. 

Flown 



Amount of total 

carbohydrates in 	 amount of total lipids in 
hac-molymph lmg/m1) 
	

haemolymph (mg/m1) 

i/  9 1, 



TIIQ Zonouu ts of t ,,tal carbohydrates and depleted 
from the haemolymph and the increased amount of 
total 	at v:Irious periads after the 
onset of flight. Locusts were flown for 30 min. 
(Mean - 

t Control 

• Flown 



,731 	t)3 	Is, • •st. 

I:1- • • 
	1 :,• 

Amount of total 

carbohydrates depleted from 	Increased amount of total lipids in 

haemolymph (nag/m1) 
	

haemolymph (mg/ml} 

9 

99 L 



Fici35: The percent decrease in total carbohydrates 
and the percent increase in total lipids in 
the haemolymph, after the onset of flight. 
Locusts were flown for 30 min. (Mean -1  S.S.11.) 

❑ Control 

❑ Flown 



'Jo Decrease in 

total carbohydrates 
	

% Increase in total lipids 

) L 
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If the preflight lipid level in Sample 1 of each locust 

was L1 , the difference 
Ln+1-L1 

(h = 1,2,3,4) was the amount of lipid 

mobilized into the haemolymph following flight. Average values for 

-
1 
were presented in Fiq.34. 

The differences in lipid levels of Samples 2 and 1  

(L
2
-L
1
) and Samples  5 and 1 (1,,-Li ) were not statistically different 

between flown and unflown males. The differences L3
-L1 

and 

I,4
-L
1 
of flown males were higher than those of unflown ones 

(p = 0.05 - 0.025 and p = 0.025 - 0.010,respectively). 

If the difference 1..n.
.4-1L L1

- L 
was divided by the initial 

level L
1 
for each locust, then 	h+1 	I was the percentage change 

L 

L 	L 
r-i 

 
1 were presented in Fiq.35. 

IJl  

The percentage change in lipid levels was significant ;i  

higher in Sample 2 taken immediately after flight of flown males 

(p < 0.001) than that of unflown ones. There was some increase in the 

average value in Sample 3  (which. was not significantly •different from 

Sample 2). A gradual decrease in Samples  4 and 5 in flown 	yL: 

not significantly different from the change in levels of unflown males. 

in lipids at various intervals after
1 
 flight. The average values for 



b) Post-flight " 
	II 

c) Preflight 	lipids 

d) Post-flight " 
	

It 

II 	II 	II 	 It 

/I 	It 	It 	 II 

II 	It 	II 	 II 
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iCHAPTER 10 

THE RELATIONSHIP BETWEEN THE FLIGHT. 
SCORE, HAEMOLYMPH TOTAL CARBOHYDRATES 
AND TOTAL LIPIDS. 

10.1 Introduction 

There is a reduction in the level of total carbohydrates 

and an increase in total lipids in the haemolymph, associated with 

flight. Results obtained for unoperated and sham operated controls in 

experiments described elsewhere (Chapters  5, 6, 7, 8 and 9) for males 
and Chapters  5 and 7 for females) were combined and the relationship 

between the flight score and total carbohydrates and total lipids in the 

haemolymph were studied for males and females separately. 

10.2 Results 

The results obtained for males from the various experiments 

were pooled according to five age groups of the insects. The 

correlation between the flight score and the following parameters was 

studied; 

a) Preflight total carbohydrates level in the haemolymph 

e) Amount of total carbohydrates utilized in flight 

f) n n n lipids 

Since there was no significant difference between the 

regression equations for the five age groups, all the results for 

males were pooled for further analysis. 

From all the regression equations, only those denoting the 

relationship referred to in (e) and (f) mentioned above had significant 
ratios and therefore presented in more detail here. 



The correlatiowcoefficients of flight and the depleted 

amount of total carbohydrates ( x
1
= C

1
-C
2
) the increased amount of 

total lipids
. 
(x
2 
= L

2
-L

1
) and the multiple correlation of all three 

variables of males (N = 108) and females (N = 67) were calculated and 

presented in Table 32. 

It was found that in males the increase in total lipids in 

the haemolymph during flight depends on the amount of total 

carbohydrate depleted from the haemolymph. In females this relationship 

was not found to be statistically significant. 

The relationship between three variables can be expressed 

by a multiple regression equation of the form 

Y =a+b1 
1  

x + b
2 
x
2 

If we take Y to be the estimated flight score
/ 
 x1  as the amount of 

carbohydrates depleted from the haemolymph (C
1 
-C
2
) and x

2 
as the 

increased amount of total lirids in haemolymph after flight, the 

regression equation for males is 

Y =8.26+1.258(C
1
-00)+1.850(,,-L

1
)(Equation No.1) 

and for females is 

Y = 9.07 + 1.612 (C1- C2) + 3.584 (L2  - Li) (Equation No.2) 

A statistical test(in addition to the above mentioned 

correlation coefficients) was carried out to prove that flight is 

dependent on x
1 

= (C
1 

- C
2
) and x

2 
= ( L

2
- L

1
) and is presented in 

Table 33  for males and females. The regression sum of squares 

(Table  35  ) estimates the fraction of the variance of I attributed to 
both total lipids (L2  - L1) and total carbohydrates (C1  - C2). By 

extending this analysis, tests of significance of b
1 
and b

2 
values can 

• be made and are presented in Table 34. Testing each x (x
1 
or x2) 

after the effect of the other has been removed, it is found that 

each x contributes significantly to the variance of. Y. 

Since x
1 
 is dependent on x

2 
in males (Table 32)the actual 

values of b
1 
 and b

2 
in Equation No.1 are not the absolute values, 

while in females where x
1 
and x

2 
 are not dependent on each other, it 

can be stated that for each additional score in Y the decrease in 

amount of total carbohydrates is 1.612 and the increase in the amount 

of lipids is 3.584. 

17'  



Table 32: 	Correlation Coefficients in flight Data of Males and Females 

ratio Correlation degrees of freedom 

F 	x x
l 

x' x2 105 0.617 <=0.01 

F 	x x
1 

106 0.546 << 0.01 

MALES 
F 	x x2 106 0.459 ‹: 0.01 

X1  x X2  
106 0.305 <c: 0.01 

F 	x x1  x x2  
64 0.780 e? o. of 

F 	x x1 
66 0.520 Cc 0.01 

FEMALES F 	x x2 
66 0.570 <,' 0.01 

X1  x x2  
66 -0.02 N.S. 



Table 33: Analysis of Variance of Flight Data of Males and Females, 

Mean Square Source of Variation Degrees of freedom Sum of Squares 

Regression 2 :3r2  = 	79177.43 39588.71 20.34 	0.01 
9 

MALES Deviations 105 = 129034.58 1228.90 

Total 107 = 208212 1945.91 

Regression 2 96105.4 48052.7 48.7 
FEMALES 

Deviation 64 61986.5 986.54 

Total 66 158092 2395.3 

U.! 



Source of variation 

x
1 
 and x2 

x1 alone 

x
2 
after x

1 

x
1 
and x

2 
x
2 
alone 

x
1 
 after x

2  

Deviations 

x
1 
and x2 

x
1 
 alone 

x2 after x1 

x
1 
and x

2 
 

.4 	x
2 

alone , ..z 
x
1 
 after x

2 

Deviations 

Table 34: Test of each x after the effect of the other has been removed on Flight Data 
of Males and Females 

Degrees of freedom Sum of Squares Mean Square F P 

2 

1 

79177.43 

40119.92 

1 39057.51 31.78 0.01 

2 79177.43 

1 62164.60 

1 17012.83 13.84 0.01 

105 129034.58 1228.90 

2 96105.4 

1 51753.3 

1 44352.1 45.79 40.01 

2 ,) 96105.4 

1 42753.1 

1 53372.3 55.11 4.0.01 

105 61986.5 968.5 



CHAPTER 11 

THE EFFECT OF ALLATECTOMY AND CORPORA 
ALLATA U-11-LANTATION ON WINGBEAT FREQUENCY 

11. 1 Experimental format 

Male and female locusts were operated 24-48 hours after 

fledging. Allatectomy, implantation of corpora allata and sham 

operations were carried out as described in Section 2.8. Corpora 

allata and muscle tissue for implantation and sham operations were 

taken from yellow mature Locusta males. Sexes were kept in 

separate cages at a density of 10 locusts per 12 litre cage. Temperatures 

within the cages ranged between 24
0
C and 36

0
C during a 24 hour period. 

Ten males and ten females of the three treatment groups 

(allatectomized, implanted and sham operated) were flown at four 

different ages and their wingbeat frequency was recorded. Each locust 

was flown for 10 min. at the three wind velocitie 2.0 ms , 3.1 ms
-1 

and 3.9 ms-1, starting with the lowest and progressing to the highest 

speed. The change from one wind velocity to the next was gradual over 

a period of 5 sec. On those occasions when locusts were still flying 

well after 30 minutes, recording was continued while the wind velocity 

was reduced every 10 min. The wingbeat frequency was recorded and 

analysed as described in Section 2.6. Due to mortality, the number 

of locusts flown was reduced as shown in Table 37. 

Sexually mature males were flown at 3.1 ms-1 continuously for 

varying periods of time in order to investigate the effect of prolonged 

flight activity on wingbeat frequency. In addition, allatectomized, 

implanted and sham operated locusts were tested for flight performance, 

preflight and post-flight total carbohydrates and total lipid levels 

in the haemolymph. Since these results did not differ significantly 

from those described in Chapters 5, 6 and 7,they are not presented here 

in detail. 

Five males and five female locusts taken from a field 

population in Mali (see Chapter  12) were flown once and their wingbeat 

frequency recorded at the three different wind velocities. 

1 7 
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11.2 Results 

Wingbeat frequencies recorded from flights lasting for 

longer than 1 min. were analysed and results are presented in Table 35 

and Table 36 for males and females respectively. Although ten animals 

were flown on most occasions, results of only a few are presented in 

the tables. Some of the recordings were poor and on other occasions 

locusts were reluctant to fly. 

In both males and females, wingbeat frequency increased with 

age, in the three treatment groups tested. The state of maturation of males 

was 	indicated by their colour score (Section 2.9) being taken before 

flight (Table 37)
)
and in females by noting the onset of oviposition. 

Implanted females started to lay eggs on day 18, while allatectomized 

and sham operated females failed to lay before the termination of the 

experiment (26 days). Yolk was deposited and resorption bodies were 

observed in the oocytes of sham operated females by day 26. No oz)ovte 

development was observed in allatectomized females killed on day 26, 

Implanted males showed only a slight increase in the rate of achieving 

yellow colouration. 

No clear effect of either allatectomy, corpora allata 

implantation or wind velocity on wingbeat frequency was observed in 

males or females. On some occasions increasing the wind velocity 

caused a reduction in the wingbeat frequency. This was clearly 

observed in records taken from Mali males and females (Table 38). 

The decrease in wingbeat frequency may also be attributed to the 

effect of a prolonged flight. For example; after 20 min flight (10 min. 

each at 2 ms
-1 

and 3.1 ms
-1

) a. locust flown at 3.9 ms-1 may exhibit 

a lower wingbeat frequency than at the start of the flight (2.0 ms
-1

). 

The effect of time on wingbeat frequency is shown in Fig. 36 and 

Fig.37. 

The wingbeat frequency was recorded in three yellow mature 

males, flown for various periods of time at 3.1 ms-1. Results were 

analysed. in two ways; 

(1) The wingbeat frequency was analysed for every 10 min. 

of a flight period (as presented in Tables 35 and 36) so 

that average values were obtained for the first ten 
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Table 35: the effect of allatectemy and implantation of corpora nllata 

on wing beat frequency nt three wind volocities of 	ma/0 

Locwitn. (Mean range) 

Treatment Implanted Allntectomized Styl!_aperated 

10 

- controls 

17 	24 Age in days 5 9 16 24 5 11 17 24 5 

Wind velocity (3) (1) (3) (2) (3) 

20 4339 6832 20431 11596 3699 

ms 20.82: 18.55! 17.93: 18.54 24.04= 
0.03 0.04 0.02 0.02 0.10 

3.1 (2)' 1)  (6) (4) (1) (1) (5) (7) (1) (3) (4) 

7466,12)  14956 14828 848 4065 22590 3496,9 2-2..t 14662 

ms 
.13)  17.90- 17.20-•  

19.35{  20.92 19.42= 18.101  19.99- 14.18 17.84! 

0.06 0.04 0.04 (22.13- 
21.55) 0.06 0.02 0.02 (14.14- 

14.01) 0.02 J.C.- 

3.9 (2) (7) (1) (4) (1) (0) (7) (2)  (1) (3)  (5) 

N3
"1 5591 1290 8927 9052 820 21695 26209 15350 5224 7041 14295 

16.84= 16.34 20.891  18.521  22.42 19.45! 19.77! 21.04 17.99! 18.471  21.31: 
0.05 0.03 0.07 0.04 (22.11- 0.02 0.06 0.04 0.05 0.04 0.03 

22.73) 

(2) (1) (1) 

3.1 4335 229 3312 

-1 15.2G= 19.30 19.697 
613 

0.6 0.02 

19.55) 

(1) 
2.0 	 285 

16.76 -1 sos 	 (16.69- 
16.82) 

*(1) No. of animals 

.1 (2) No. of readinos 
e(3) Wing boat frequency (1f,r)- 
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Table 36: 	The effect of aliotectosy 
at 	three frequency 

and implantation of 
f wind velocities o 	female 

Implanted 

12 	18 	25 	5 

corpora 
Locus ta 

allots on wing beat 
(ltean I  range). 

sham-operated controls  

18 	24 	6 	12 	la 

allatectemized 

25 

Treatment. 

11 Age in days 6 

Wind velocity 

2.0 
-1 ma 

(1)'0) 

3332•(2)  
17.751.°)  
0.03 

(4 ) 
19117 
16.82! 
0.02 

(3) 

3856 
21.293 
0.12 

(3) 

3939 
14.104  
0.03 

(2) 

13181 

16.90= 
0.03 

(2) 

3375 
17.54! 
0.04 

(3) 

8719 
15.12= 
0.04 

(1) 

_124 
27.35 

(26.32- 
28.'17) 

(3) 

165:.9 
19.203 
0.03 

3.1 

am 

(3) 

12223 

15.61 
(15.58- 
15.63) 

(5)  

21370 
16.99= 
0.02 

(5) 

39886 
19.154 
0.03 

(3) 

4470 
14.64! 
0.04 

(6)  

13341 
17.493 
0.03 

(3) 

22645 
19.24= 
0.01 

(3) 

5942 
18.753  
0.0',  

(3) 

7730 
15.86 
0.04• 

(1) 

9304 
18.00 
(17.93- 
18.01) 

(3) 

7459 
20.31= 
0.04 

(4) 

24426' 
20....3 
0.02 

3.9 

tos-1  

(3) 
4783 

15.55= 

(5) 
28257 

16.22= 

(6) 
0099 

20.24= 

(3) 
3014 

13.984  

(3) 
9122 

17.91= 

(5) 
23808 

18.304  

(3) 
200.63 

18.223 

(3) 
0026 

17.611 

(2)  
11808 

18.07= 

(3)  
3.31.6 

(4)  

0.04 0.02 0.03 0.03 0.03 0.02 0.01 (17.77- 0.02 0.03 0.02 
17.91) 

(1) (3) (3) (1) (1) (1) (1) (2) (1) (4) 
3.1 523 6083 12715 1939 2918 146 959 3885 509 8036 
-1 

mi 15.78! 16,56= 20.82= 15.9= 18.233  17.81 18.&1 113.07 4  1,).34 18.io= 
0.12 0.03 0.02 0.05 0.03 (17.57- 0.16 0.03 (19.19- 0.03 

18.04) 

2.0 (1) (1) 
1942 

MS 	16.69= 
	

19.65- 

	

0.05 	0.45 

• (1) No. of animals 

• (2) No. of readings. 
• (3) Wing beat frequency (Iii) 



Table 37: The average- colour score of allatectomized, implanted 

and sham operated males. 

Treatment Implanted Allatectomized .Sham operated controls 

Age in days 5 9 16. 24 5 11 17 24 5 10 17 24 

Average 
colour 
score ' 1,8 2.4 3.9 8.1 0.25 0.35 0.1 0.2 0.2 1 6 3.1 7. 

No. of 
animals 10 10 10 7 10 10 9 9 10 9 9 9 



Table 38: The wing bent frequency of Mali field locusts. (Mean ! 

Males Females 

Wind velocity 

2.21 
• .. 
ms 

(5)(1). 

17907(21—*  
(4)  

33720 
25.13-+ 	(3)* 
0.04 

24.71! 
0.02 

1 E3 

3.1 	 (5) 	 (4) 
-1 	 22800 	 20401 

ms 

(5) 	 (4) 
13161  	25569 

20.18! 	 21.54= 
0.04 	 0.02 

(1 ) 	 ( 2) 
361 	 14693 

21.81 	 21.511  
22.c5 - 22.07 	0.02 

( i ) 
1603 

22.20 t 
0.11 

22.93! 	 22.461 
0.04 	 0.02 

3.9 
Ms 

3.1 

* (1) No. of animals 
* (2) No. of readings 
* (3) Wing beat frequency (H) 



minutes of the flight period (0-10 min), the second ten 

minute period (11-20 min) and the third ten minute period 

(21-30 min). Averages are presented in  Fig.36.  

(2) The average wingbeat frequency was analysed for one 

minute periods of flight at various time intervals during 

the flight period e.g. the first minute of flight (0-1 min), 

the fifth minute of flight (4-5 min) and so on. Averages 

are presented in Fig. 37. 

It can be seen from Figs. 36 and 37  that the wingbeat 

frequency declines during prolonged periods of flight. 

Pictures taken from the Biomac 1010 oscilloscope after the 

analysis of the results of two flown locusts, are presented in 

Plate 2 and Plate 3.  Shift in the mean wingbeat frequency was noted 

with chanjes in wind velocity. 

The interval histograms shown ,vary iu the heights of the 

peaks, in their position along the x-axis (line) and in the sprea of 

the recordings. Height is proportional to the number of readings 

recorded at each time interval (here are 250 int ,rval, 0.64 m sec 

wide) and will vary depending on the length of the record analysed 

(long or short flight, good or poor record, etc.) and on the regularity 

of the wingbeat - more readings adding into few time intervals. This 

also represents the reduced spread. The position, along the x- axis 

is a function of wingbeat interval, being further from the origin at 

lower frequencies. These mean (or peak) values indicate the most 

common wingbeat interval and the standard deviation is related to 

the regularity of the wing beats. 

It may then be concluded that no effect of any of the 

treatments or of the wind velocity on wingbeat frequency, was found. 

Locusts collected in Mali showed a higher average of wingbeat 

frequency than laboratory males and females. 

I 8 1 



Fig.36: The averge wing beat frequency 

forievery 10 minutes of flight. 

: The average wing heat frequency 

for I. minute fli.jht rer1,7)ds at 

various tits .,2 intervals of the 

flight period 1. 



Nora-wit:is of flight 

Minutes of flight 

I 



Plate 2: The wing beat frequency as displayed in the 
Biomac 1010 oscilloscope of a female Mali 
locust flown at three wind velocities: 

a. 2.0 ms -1  

b. 3.3 ms
-1 

c. 3.9 ms
-1  

d. 3.1 ms
-1 

(flown after (0). 

The time sweep along the x-axis Was 160 in sec. 
for 250 intervals. The maximal number of 
counts per interval (Y-axis) was set on 4096 
counts. 

Plate 3: The wing beat frequency of an allatectomized 
male flown at two wind velocities 

a. 3.1 ms
-1 

1.), 3.9 ms-1 

The sweep time of the X-axis was 160 m sec. for 
250 intervals. The maximal number of counts 
per interval (Y-axis) was set at 1024 counts. 
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CHAPTER 12 

FLIGHT OF VARIOUS LOCUST 
POPULATIONS AND STOCKS 

12.1 Experimental format 

The flight parameters reported in Chapter 5 were studied 

in locusts originating from various populations and raised in crowded 

or isolated conditions. 

(A) First instar hoppers, taken from the regular laboratory 

stock were raised under crowded or isolated conditions 

• (see Section 2.1) Fourteen males were raised under isolated 

conditions (Section 2.12) and marked individually after 

fledging. Seven males were flown ten times commencing 

on day 9 up to day 74 and the other seven served as unflown 

controls. Fourteen other males were reared under crowded 

conditions (Section  2.1.1). After fledging locusts were 

marked individually and kept in a crowded cage that contained 

30 males and 30 females. Crowded males were also divided 

into two groups; flown and unflown. Locusts were flown 

six times throughout their life commencing from day 10 

after fledging jup to day 47. In both crowded and isolated 

locusts, the same locusts were used throughout the 

experiment. Locusts raised in isolation lived longer 

than the crowded ones. The temperature of rearing ranged 

between 24-40°C in both crowded and isolated conditions. 

(B) Locusts collected in .Tedda, Saudi Arabia (Parent generation))  

were brought into the laboratory and reared under crowded 

conditions. (Section 2.1.1.). Males from the first and 

second laboratory generation (F
1 
and F

2 
generations, 

descendents of the parent generation) were taken for flight 

experiments following the procedure described in Section 25. 

Four groups of ten locusts each of the first laboratory 

generation were taken for experiments. Five locusts in 























Fig.39: The flight performance scores of the first 
laboratory generation of crowded and 
isolated Mali males (Mean - S.E.M.) and 
the mean colour scores of crowded males. 

Flight scores: 

Method (1) 
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Isolated males 



160 16 

180 r-- 

0 

N 

LL 

30 

20 

-o 
0 
=10 

2 

Age in days after f !edging 



Table 41a: The flight performance of crowded and isolated 

laboratory stock locusts (Mean I S.E.M.). 

10 	16 	23 	32 	4o 	47 Crowded Age 

Method (1)  16.31  16.41 15.1t 11.81  22.21  15.51  
4.5 4.2 4.1 3.8 5.1 5.1 

Method (2)  70.9- 69.3: 80.01- 57.0- 108.6- 69.31  
18.6 19.1 21.2 18.8 26.0 24.2 

Isolated Age 9 14 21 30 38 46 52 59 66 74 

Method (1)  11.0-1  14.41  16.31  14.01  19.71  16.01  10.51  19.3- 21.2- 12.71  
2.9 2.9 3.7 4.5 3.5 3.2 4.9 2.6 2.6 3.1 

Method (2)  38.71  64.01  81.71  67.61  81.91  66.31  43.51  99.21  101.51  58.81 
14.4 12.2 21.5 25.1 20.0 13.3 17.5 13.8 12.9 12.3 



scoring methods), although the locusts were taken from 

the same cage with one day difference in age. (Table 41b). 

The scores of Groups 3 and 4  were similar and higher than 

those of Groups 1 and 2. There was no significant 

difference in flight performance of Groups 11.  3 and 4. 

The scores of the second laboratory generation were 

similar to those of the first generation and did not 

vary greatly with age. 

(C) Solitary males and females from Mali 

Flight performance of males and females was comparable 

to the better records of the regular laboratory stock, 

(Table 41c) recorded at the onset of sexual maturation 

(see sections  5.2.3). There were no differences in scores 

between females and males. 

(D) First laboratory generation of Mali locusts 

Isolated males and females showed a lower flight 

performance on all occasions. (Table 41d, Fiq.39 and Fig. 40) 

In males the differences were statistically significant 

between the groups tested on days 21 (isolated) and 23 

(crowded) where p 4 0.001. In females the differences were 

not statistically significant due to large individual 

variations. 

Recording by method (2) was discontinued in isolated 

males on days 21 and 30, due to loss of hind legs. 

4 

12.2.4 Ilaemolymph total carbohydrates  

Haemolymph total carbohydrates were determined as described 

in Section 2.7 and presented in mg/ml in the various tables. 

(A) Laboratory crowded and isolated males  

Preflight (C1) and post flight (C2) total carbohydrates 

levels were not affected by age (Table 42a) in crowded 

or isolated males. 

There were no significant differences in preflight levels 

between isolated and crowded males. The amount of total 

-)0 
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Table 416:  The flight performance of first and second laboratory 
generntioas of Jedda,locusts (Mean I S.E.M. ). 

First Laboratory generation Second Laboratory generation 

Au in days 27-39 28-40 41-53 59-70 16 29 

Method (1) 24.8= 11.6= 17.4= 17.8= 18.6= 18.4= 
2.6 3.6 3.6 9.2 3.0 4.8 

Method (2) 120.6! 51.6! 72.4! 76.8= 84.8= 79.0= 
14.7 16.9 17.0 22.9 17.6 19.6 

Table 41c: The flight performance of males and females collected 
in Kali(Mean 	S.E.11.). 

Males Females 

neth.d- (1 ) 21.8= 24.0= 
5.3 3.5 

Method (2) 113.0! 104.81  
36.6 13.6 

Table 41d: 	The flight performance of first laboratory generation of 
isolated locusts 	(Mean 1 	S.E.M.). 

Crowded Isolated 

Mali crowded and 

Ane in d.as 10 16 23 39 7 14 21 30 

Method (1) 7.6= 17.4= 28.6= 21.0= 1.6= 6.4= 7.0= 13.0= 
2.9 4.5 1.4 4.1 1.1 2.8 2.4 5.8 

Method (2) 34.6= 77.0: 144.0: 103.0: 6.4= 32.0: • • 
13.3 21.89 14.2 25.5 4.5 16.9 

Age in days 10 16 26 39 10 17 27 
Method 	(1) 10.4! 16.0: 27.41  24.0: 5.0! 12.0! 15.81  

2.3 2.4 1.9 2.9 3.6 1.8 4.9 

Method (2) 44.8= 85.2= 118.4= 116.8= 14.2= 52.8= 79.8! 
11.2 13.8 9.1 14.5 10.2 6.9 27.6 

*Recording was discontinued due to loss of hind legs. 



Fiq.40: The flight performance scores of the first 
laboratory generation of crowded and 
isolated Mali females (Mean 	S.E.M.). 

Flight scores: 

Method (1): 

	0 Crowded females 

4____4Isolated females 

Method (2): 

	.(7; Crowded females 

Isolated females. 
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Table 42a: The changes in hArmolymph total carbohydrates of crowded and 
isolated Laboratory stock locusts. 	(Mewl I 8.6.M.) 

Age in days 	10 	16 	- 	23 	32 	40 47 Crowded 

Flown CI 33.001 
4.36 

36.95: 
2.41 

29.521  
3.49 

40.071 
2.45 

33.311  
4.33 

44.161 
8.41 

C2  23.651 
2.81 

23.821 
0.12 

19.331  
3.04 

27.241 
5.34 

19.451 
4.88 

23.271' 
5.90 

C1-C2 9.361  
2.02 

13.051  
2.47 

10.891  
0.79 

12.1321 
3.39 

13.861  
3.53 

20.911 
3.73 

C1-C2 r_-_- 0.2861 
0.067 

0.3571  
0.061 

0.3581  
0.029 

0.3421  
0.097 

0.4331  
0.104 

0.4891  
0.052  

Unflown CI 36.911  
1.91 

36.961  
2.61 

33.211  
1.92 

38.951  
1.84 

31.40: 
1.97 

33.991  
2.07 

C., 37.621  
2.13 

36.481  
2.72 

32.001  
1.18 

42.881  
2.67 

30.891  
2.20 

37.74: 
2.53 

CI-C2 1.291 
1.44 

0.261 
1.44 

1.211  
1.97 

- 3.551  
2.92 

0.501  
0.47 

1.261 
Leo 

C1-C2 0.0311 
0.034 

0.0041 
0.043 

0.0191  
0.065 

-0.1031 
0.085 

0.0191  
0.016 

0.0311  
0.027 CI  

Isolated Age in days 14 21 30 38 46 52 59 66 74 

Flown C1 
 29.821 
 .-. 1.o3 

31.961 
1.57 

34.611  
2.64 

32.191  
0.10 

37.791  
1.46  

31.B01  
1.13 

39.191  
2.47 

40.331  
2.32 

35.731  
2.15 

42.271  
2.,q 

C2 15.251  
...;1127 
14.59+ 
1.45 

15.471  
2.55 

16.481 
2.77 

13.641  
1.52 

19.151  
2.06 

13.911  
1.76 

18.281 
2.42 

16.801  
1.21 

20.991  
2.09 

18.04: 
2.51  

13.77- 
2.32 

24.191  
3.06 

14.931  
2.83 

21.23: 
1.56 

19.151  
3.25 

16.291 
3.95 

19.14: 
2.79 

25.511 
3.91 

16.77- 
2.93 

C 1-C2 

C I-C  0.5031  
0.065 

0.5111  
0.036 

0.5831  
0.037 

0.5591  
0.064 

0.5501  
0.042 

0.4271 
0.090 

0.3301 
0.069 

0. 
0.056 

0.556: 
0.094 

0.40::,: 
0.0?; 

Unflown C 27.891 
1.41 

26.151  
L74 

36.201 
2.04 

36.531  
2.88 

33.361 
2.44 

31.741 
1.40 

38.611  
1.55 

46.221 
2.55 

30.211 
1.50 

46.871 
3.40 

C2  24.121 
1.93 

23.471  
1.84 

30.471  
2.25 

29.441  
2.55 

31.201  
1.94 

25.091  
1.52 

37.181  
1.19 

31.201  
1.96 

30.621  
2.55 

41.641 
2.61 

C -C 
1 	2  

5.141 
2.0"' 

2.691 
1.10 

6.221  
1.36 

7.131  
0.94 

3.921  
1.29 

5.57: 
0.59 

1.671  
2.42 

6.00: 
2.81 

0.271 
1.81 

5.221 
1.57 

C1-C2 0.1801 
0.066 

0.1011  
0.041 

0.171: 
0.032 

0.1961 
0.027 

0.12 1.  
0.039 

0.1841 
0.023 

0.0601  
0.061 

0.1461  
0.063 

0.0101 
0.063 

0.105 
0.027 

1 
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carbohydratesidepleted from the haemolymph following 

flight (C1-C2Y  was constantly greater in isolated 

males than in crowded ones (Fig.41) (except on days 

46 and 47) and the percentage chanje was higher (Fig.42). 

although in general individual differences were not 

statistically significantly different (except days21-23 

where p< 0.001). As a result, post-flight levels tended to 

be higher in crowded males. Isolated males showed 

significantly lower post-flight levels than crowded ones 

on days 9 (p = 0.05) and 30 (p = 0.05). 

Preflight total carbohydrate levels were much lower than 

those reported in other sections. 

(B) Jedda locusts: First and second laboratory generation 

Preflight total carbohydrate levels were similar in both 

generation (Table 42b). The amounts of total carbohydrates 

depleted from the haemolymph followilg flight (C1-C2), 

and the percentage change were similar in Groups  1i^3  and 4 

of the first laboratory generation. The average amounts 

and the percentage change in total carbohydrates of males 

of Group 2, were higher than those of Group 1, but the 

differences were not statistically significant. In the 

second laboratory generation the average amounts utilized 

and the averajes of percentage change,were slightly higher 

than those of the first generation. (Table  42b). 

(C) Solitary  males and females  from Mali 

Preflight total carbohydrates level were significantly 

higher in females than those (Table 42c) of males 

( p = 0.050 - 0.025), but there were no significant 

differences noticed in their post-flight levels. The 

post-flight carbohydrate levels in females were 

significantly lower than the preflight ones (p = 0.001), 

but no such relationship was noticed in flown males. The 

amount of carbohydrates depleted from the haemolymph 

following flight and the percentage change in carbohydrate 
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Table  42h:  The changes in haemolymph total carbohydrates of first and second 

laboratory generations ofJeada 

First laboratory 

locusts. (Mean = S.E.M.) 

Second laboratory generation generated 

Age in .days 27-39 28-4o 41-53 59-70 lb 29 

Flown C1  56.52! 48.29: 5a.1s= 48.76: 43.59= 64.92= 
3.42 3.42 3.21  4.09 1.68 2.74 

C2 42.641  
2.08 

42.85= 
4.3i 

48.03: 
4.09 

36.501  
2.19 

23.03= 
3.20 

45.08= 
2.64 

C-C 13.67= 5.441 9.551 12.25: 15.56: 19.841 
12 4.o4 5.93 1.27 4.99 2.51 3.77 

C-C 0.2311  0.0891  0.1671  0.220= 0.3601  0.300: 
1 2 0.061 0.116 0.023 0.094 5.98  5.42 

Unflown C 54.231  49.531  51.671  43.341 45.661 57.05:: 
3.12 2.82 2.73 3.50 2.18 2.20 

C2 53.40 
3.51 

47.551  
2.97 

49.091  
4.09 

46.861 
3.65 

45.381  
2.18 

56.23= 
5.11 

C - c 3.711  2,351 2.271  3.941  0.281  0.82= 
1 2 1.05 3.70 0.70 1.53 1.33 4.52 

C12 0.074! 
0.024 

0.0401 
0.070 

0.0551  
0.057 

0.052= 
0.129 

0.0041  
2.97 

0.0201  
7.87 

Table 42c: The changes In haemolymph total carbohydrates in males and females 

collected in Mili .(Mean 	S.F.M. 

Males Females 

Flown Cl 
 

48.79= 
5.95 

70.091  
5.32 

C2 
31.171  28.991  
8.65 3.60 

C 1-C2 
17.081  41.06: 
3.17 4.92 

C1-C2 0.4011  0.5821  
0.102 0.047 

Unflown c 51.531  68.621  
1 6.13 6.61 

C2 53.691  
3.78 

68.811  
8.47 

C-C - 0.0121  - 0.001: 
I2 0.018 0.013 

C-C - 0.081  - 0.0071  
1 2 0.09 0.034 



Fig.41:  The amount of total carbohydrates depleted 
from the haemolymph and the increased amount 
of total lipids folloxing flight, of laboratory 
crowded and isolated males. (in mg/ml, 
Mean - S.E.M.). 

0 Crouded locusts 

0 Isolated locusts 



% Decrease in 

total carbohydrates 	 % Increase in total lipids 
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Fig.42:  The percent decrease in total carbohydrates 
and the percent increase in total lipids in 
the haemolymph following flight, in laboratory 
crowded and isolated males. 

0 Crowded males 

0 Isolated males 
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levels were significantly higher in flown males than 

in unflown ones (p = 0.005 - 0.001)  p = 0.010 - 0.005, 

respectively). In females the equivalent values of p)  

were p < 0.001 for both the amount utilized and the 

percentage change in total carbohydrates following flight. 

The amount of total carbohydrates depleted from the 

haemolymph in flown females was significantly higher than 

in flown males (p = 0.005 - 0.001), but no such relationship 

was noticed for the percentage change in levels following 

flight, due to the higher preflight values of the females. 

(D) First laboratory generation of Mali  Locusts 

Males:  Preflight and post-flight total carbohydrate levels 

of isolated males did not differ significantly from those 

of crowded ones. (Table 42(1). 

The amount of total carbohydrates depleted after flight 

from the haemolymph in isolated and crowded males 

increased with age, reaching maximal average values on 

day 21,in isolated males) and on day 23)in crowded ones, 

with a slight decrease on the last test. (Table 42d 
 )
Fig.43).  

In crowded males, the amount of total carbohydrates 

depleted from the haemolymph following flight may be 

correlated with flight performance, while that of isolated 

may not - due to low performance on all tested occasions. 

(Fig.39). The amount of total carbohydrates utilized by 

flown isolated males was not significantly different from 

that of crowded ones, and there were no significant 

differences between flown and unflown males of either 

• group. The same trends were noticed for the percentage 

change in total carbohydrates following flight (Fig.44). 

Females:  Isolated females showed a gradual increase in 

their preflight total carbohydrates level with age 

(Table 42d).  No such trend was noticed in crowded females. 

Crowded females had significantly higher preflight levels 

on all occasions (for day 10 p 4 0.001, for day 16 
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Table 42d: 	The changes in haemolymph total carbohydrates 
of Hall crowded and isolated 

of first 	laboratory 
locusts. 	(Mean = S.E.M.) 

Isolated 

. 	Voneratinn 

Cro,ded 
Age in days 10 	16 23. 39 7 14 21 30 

Males Flown C1 	50.26= 	45.59= 64.911  48.351  43.76= 38.491  61.391  45.041 
2.87 	1.84 3.28 6.04 1.62 2.60 5.66 2.15 

C, 	31.76= 	19.821  27.51= 31.651 31.971 13.961  30.811  23.051  
6.50 	0.97 3.53  3.55 1.88 4.38 4.97 2.95 

C1-C2 21.23= 	25.77= 37.40= 16.691  11.79 24.531  30.57: 21.-981 
4.82 	1.93 ?.45 4.85  1.79 6.77 6.97 3.31 

C1-C2 	0.416= 	0.5631  0.5771  0.3321  0.2681  0.6041  0.4831  0.4841  
0.050 0.075 0.039 0.142 0.091 0.064 0.089 	0.026 

Vnflown C1 	30.451 	42.111  1 56.521  59.021  39.151  35.551  49.111  42.751  
5.c6 	2.93 2.14 1.53 4.22 1.19 3.13 5.94 

C., 	29.181 	37.281  52.521  55.811  36.891  29.661  46.73= 40.311  
4.25 	2.42 3.51 1.61 2.80 2.79 2.26 6.24 

C I -C2 	1.281 	4.821  4.001  3.23= 3.971 6.111  2.381  2.4" 1.29 	3.09 2.94 1.69 0.55 2.74 3.54  1.80 
C1-C2 	0.0241 	0.1061  0.0721  0.0531  0.1061 0.1651 0.0361 0.0571 

0.044 0.028 0.018 0.074 0.065 0.042 0.031 	0.069 

Age in days 10 	16 26 39 10 17 27 
Females Flown C1 	62.741 	50.99= 68.111  48.35: 25.811  39.961  51.251 

3.13 	2.00 4.11 5.12 3.93 3.07 0.94 
28.58= 	18.021  20.151  14.961  19.201  13.86= 29.131  
5.81 	2.05 1.68 2.62 4.92 2.87 5.71 

C1-c2 34.151 	32.97: 50.47: 33.38= 5.431  26.101 22.131  
,.33 	3.19 6.30 6.78 3.06 2.18 6.29 

C.-C, 	0.5491 	0.6431  0.7301  0.6721  0.280= 0.6591  0.427= 
0.055 0.061 0.105 0.055 0.116 0.093 	0.047 

1 
Vnflown 1 C1 	37.98 36.671  45.571  47.901  27.91= 36.401 45.171  

4.20 	1.98 3.18 3.57 1.83 2.08 4.33 
C2 	34.791 	36.67= 45.39= 46.45= 24.26= 33.66= 43.75= 

2.52 	1.19 2.17  4.42 2.40 2.57 6.63 
C-C3.19- 	1.40: I 2 1.57: 1.451  4.351  2.73-•   1.421  

2.71 	1.56 1.30 1.53 1.10 0.63 5.77 
C1-C2 	0.060= 	0.0361  0.031= 0.0711  0.158= 0.079= 0.027= 

0.027 0.061. 0.046 0,027 0.147 0.062 	0.045 Cl  



Fig./i.3: The amount of total carbohydrates depleted from 
the haemolymph and tUe increased amount of total 
lipids following flight, of the first laboratory 
generation of crowded and isolated Mali males 
(in mg/ml, Mean 	S.E.M.). 

O Crowded males 

• Isolated males 

The percent decrease in total carbohydrates and 
the percent increase in total lipids in the 
hacmolymph following flight, in the first 
laboratory generation of crowded and isolated 

males. (Mean t S.E.M.). 

O Crowded males 

O Isolated males 
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p = 0.005 - 0:,001,and for day 26 p < 0.001). 

Post-flight 'total carbohydrates were similar in crowded 

and isolated females. 

Amounts of total carbohydrates depleted following flight 

in crowded females were significantly higher than those of 

isolated females on day 10 ( p < 0.005) and day 27 

(p = 0.001 - 0.005) as seen in Fie. 45). 

The percentage change in total carbohydrates following 

flight in flown isolated females did not differ significantly 

on any of the tested occasions, from those of flown 

crowded females (Fig.46). Unflown isolated and crowded 

females showed little change in total carbohydrates duri.ig 

the experimental period. 

12.2.5 Haemoilmph total lipids 

Haemolymph total lipids were determined as described in 

Section 2.7 and presented in mg/ml in the various Tables. 

(A) Laboratory crowded and isolated sales 

There were no significant differences in preflight lipid 

levels between crowded and isolated males. The increase 

in lipid levels and the percentage change in haernolymph 

total lipids following flight were usually higher in 

isolated males than those of crowded males, (Table 43a  

Fig.41 and Fig.42) but individual differences were not 

statistically significant. 

(B) Jedda locusts: First and second laboratory generations 

The preflight lipid levels in first laboratory locusts 

tested (flown and unflown) were 5-10 times higher than 

those found in locusts of the laboratory stock (Table 43b). 

Preflight levels of Groups  1, 2 and 3  (originating from 

the same cage) Were higher than those of Group 4. 

Preflight lipid levels of males of Group 1 were lower 



Pio.45: The amotrit of total carbohydrate:; depleted 
from the haemolymph and the incro.;sed amount. 
of total lipids follo''inj flight, of the 
first laboratory generation of crouded and 
isolated Mali females (in mo1/441.Mean - S.L.M. ).  

❑ Crowded females 

O Isolated females 

Fio.46: The percent decrease in total carbohydrates 
and the percent increase in total lipids in 
the haemolymph following flight, in the 
first laboratory generation of crowded and 
isolated  Mali females. (Mean 1  S.E.M.). 

O Crowded females 

• Isolated females 
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Table 43a: The changes in hacmolymph total lipids of crowded and 

isolated laboratory stock locusts. 	(Mean I S.E.M.) 

Ago in days 	10 	16 	23 	32 	40 47 Crowded 

Isolated 

Flown L 	8.691  
0.77 

7.131  
0.05 

7.331  
0.26 

8.991  
0.02 

7.391 
0.87 

8.251 
1.40 

L2 	14.63! 
2.18 

14.561  
2.18 

14.741  
1.34 

15.261 
4.25 

16.671 
2.97 

15.231 
2.21 

L2-L1.5.951  1.67 
7.731  
1.77 

7.151  
1.43 

6.271 
1.82 

9.341 
2.64 

6.97= 
1.54 

L2-LI 0.6421  0.174 
0.9831  
0.221 

1.0401  
0.200 

0.7091 
0.197 

1.305! 
0.429 

0.7121 
0.277 L1  

Unflown L 	7.921  
0.65 

7.871  
0.64 

10.151  
1.16 

9.461  
1.56 

9.091 
1.24 

10.431  
1.47 

L2 	8.76! 
0.33 

7.431  
0.47 

10.181  
1.17 

10.211 
1.57 

9.831  
1.59 

11.711  
1.85 

L -1. 	0.791  1 	2 0.82 
0.331  
0.51 

0.031  
0.35 

0.01 1 
0.45 

1.181 
0.60 

1.261  
1.00 

1.1-1,,) 	0.1691  -r---  0.151 
0.0261 
0.057 

0.0411 
0.031 

0.0161 
0.057 

0.1261  
0.053 

0.1161 
0.090 

Age in days 9 14 21 30 38 46 52 59 66 74  
Flown L1 	10.31! 

2.56 
8.121  
0.73 

9.071  
1.36 

8.581 
0.79 

8.291 
1.04 

6.07! 
0.64 

6.441  
0.37 

6.691 
0.32 

8.261 
0.49 

8.561 
0.77 

L2 	17.591  
3.13 

18.151  
0.03 

25.201  
3.90 

21.881 
2.42 

21.11= 
2.75 

17.921  
2.74 

12.481  
2.38 

13.851 
1.23 

15.601 
1.37 

14.541 
0.80 

L2-L1 7.311  1.51 
10.031  
1.37 

16.211  
4.17 

13.301 
2.00 

12.821 
2.74 

11.861 
2.61 

6.031  
2.38 

7.161 
1.09 

8.65! 
1.38 

7.98! 
1.45 

L2-1.1  0.7061  
0.161 ---- 

1.3441  
0.227 

2.321  
0.68 

1.5861 
0.236 

1.6861 
0.408 

2.1201 
0.480 

0.9621 
0.344 

1.0721 
0.152 

1.290: 
0.227 

1.3091 
0.242 1.1  

Unflown L1 
	7.801  

1.27 
8.251  
0.50 

7.971  
0.77 

11.351 
2.58 

6.611 
0.67 

6.021  
0.27 

4.66! 
0.34 

5.081  
0.50 

7.441 
0.74 

4.891 
0.54 

5.281  
0.67 

L2 	8.561 
1.09 

8.761 
1.05 

9.111 
1.25 

10.501.\ 
1.98 

7.741  
1.02 

5.361  
1.58 

4.881  
0.49 

5.441 
0.34 

7.621  
1.10 

1.2
-LI 	1.021 

0.41 
0.511  
0.70 

1.161  
0.62 

0.85! 
1.47 

2.381 
0.69 

0.32! 
0.68 

0.211  
0.51 

0.36! 
0.46 

0.011  
0.57 

0.391  
0.37 

	

L2-L1 	0.2041 
• 0.115 

LI 

0.0511  
0.074 

0.1291  
0.075 

0.0681 
0.203 

0.3761  
0.113 

0.0491  
0.114 

0.0701  
0.120 

0.1161  
0.114 

0.0081 
0.071 

0.0771 
0.066 
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' 	Table 431): 	The changes in hmmolymph total lipids of first and 

second laboratory generations of 

First laboratory generation 

Jedda locusts. (Mean 	S.E.M.) 

Second laboratory generation 

Age in days 27-39 28-40 41-53 59-70 16 29 

Flown L1  34.73! 43.521 31.47! 20.15= 7.56= 19.11= 
2.44 1.85 6.70 2.58 0.89 3.95 

40.68= 51.87= 38.73= 27.20! 16.51= 30.00= 2 4.05 3.96 7.20 3.64 1.38 2.5; 
L2-11  5.95= 10.64= 8.60= 7.06= 8.951 10.30= 

2.24 2.73 2.16 2.48 2.02 4.98 
L-L 0.166= 0.2;1= 0.3201 0.3691 1.371  0.891  2I 0.063 0.070 0.096 0.110 0.40 0.47 

L
i  

Unflown 40.68= 36.31= 27.001  18.69= 8.67= 13.37= 1 5.07 3 78 0.87 3.13 1.45 1.12 
L2 47.90= 43.601 29.271 17.82: 8.511 15.00: 

8.05 5.41 3.10 3.38 1.73 1.35 
L-L 7.22= 7.301  4.67= 1.521 -0.1591  1.63- 
2 1 5.12 2.01 1.23 0.38 0.658 0.35 

L-L 0.2511 0.1901  0.168: 0.000: -0.0161 0.121= 21 0.043 0.047 0.039 0.020 0.090 0.025 

Table 43c:  The changes in haemolymph total lipids of males and 
females collected in Mali. (Mean = S.E.M.) 

Females Males 

Flown 4.86! 4.29= 
0.78 0.39 
8.95= a.00= 
2.20 2.06 

L2-L1 4.04! 3.13= 
1.60 1.77 

L2LI 0.79! 0.712! 
L 0.23 0.573 

Unflown 6.15! 4.80= 
0.48 0.56 

1.2 6.561 4.32-*  
0.78 0.56 

L-L 0.0091  -0.482= 2I 0.018 0.162 
L2-L1 0.0831  -0.1091  

0.145 0.036 
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than those of Group 2 (p = 0.025 - 0.010). 

Preflight total lipid levels of 16 day old second 

generation males were much lower than those of first 

generation males, but almost no difference was noticed 

on day 29. , 

The amount of total lipids mobilized into the haemolymph 

following flight, was highest in males of Group 2, but 

not significantly different from males of the other Groups. 

In Groups 1, 2 and 3, unflown males showed some changes-•• 

in their lipid levels following the period spent in the 

wind tunnel. In Group 1 the average amount of total 

lipids mobilized by unflown males was higher than that 

of flown ones; but their individual variation was much 

greater. 

The absolute amounts of lipids mobilized by males of this 

culture of both generations, were comparable to the 

amounts mobilized by locusts of the regular laboratory 

stock but as a consequence of the higher preflight lipid 

levels of Groups 1  and 2, the percentage change in total 

lipids after flight was lower but not statistically 

significant than that of anals1J11-112t. 

(C) Solitary males and females from Mali 

Preflight or post-flight total lipid levels of flown 

males and females were not significantly different from 

their preflight levels (Table 43c). The amount of total 

lipids mobilized after flight by males or females was 

not significantly different from that of unflown males 

• and females following the time spent in the wind tunnel. 

(D) First laboratory generation of Mali locusts 

Males: There were no significant differences in preflight 

lipid levels of flown isolated and flown crowded males 

except on day 16, where crowded males showed slightly 

higher levels (Table 43d). Unflown crowded males showed 

high preflight levels on all days tested in comparison to 
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flown ones, with a slight decline upon ageing. Unflown 

isolated males showed a gradual increase in lipid levels 

with age (Table  43d).  Post-flight lipid levels in 

crowded males were higher than those of isolated males 

and this may be attributed to their better flight 

performance (Fig.39).  

The amount of lipid mobilized into the hacmolymph 

following flight (1,2-1,1)  increased in both isolated and 

crowded males with aie (Fig.43).  The average values in 

crowded miles were higher than those of isolated ones. 

There were significant differences between isolated and 

crowded males flown on the first (p = 0.025 - 0.010) 

and third time (p = 0.025 - 0.010). 

The percentage change in total lipids following flight 

was usually higher in crowded males than that of isolated 

males (Fig.44). Significant differences were noticed 

on first (p = 0.050 - 0.025) and third (p sr,  0.010 -- 0.005) 

test days. 

Females:  Preflight total lipid levels did not change with 

age in isolated females (Table 45d).  In crowded females 

there was an increase in preflight levels from day 10 to 

day 16 with little change on the following test days. 

Preflight lipid levels of flown isolated females on day 10 

was significantly higher (p = 0.010 - 0.005) than that of 

flown crowded females, but no such difference was noticed 

between unflown females. 

Post-flight lipid levels of flown crowded females were 

higher than those of flown isolated females, but the 

difference was statistically significant only on day 27 

(p = 0.005 - 0.001). A large increase in post-flight 

total lipids was noticed in crowded females from day 22 

to day 29, although no increase in flight performance was 

recorded (Fig.40).  

The average amounts of total lipids mobilized after flight 
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T81110 431: The thanes 
veneration 

In hacnolymph 
of Mali crowded 

total lipids of first laboratory 
and isolated locusts. 	(Mean a 	S.E.M.) 

Crowded 	 Isolated 

Ane in days 10 16 26 39 7 14 21 30  
Males Flown L 4.88! 8.7J: 6.17= 8.771  3.531  6.27= 6.36= 6.081  1  0.16 0.48 0.73 0.72 0.29 0.64 0.45 0.22 

L2 10.80= 16.681 19.801 23.13! 1.92= 9.891 12.821 16.461 
2.11 2.08 1.33 5.99 1.48 1.03 2.45 4.18 

Ll-L2 5.92= 7.961 13.631  14.571 - 0.061 3.62. 6.46= 10.311  
2.13 1.90 1.09 6.18 0.27 1.10 2.09 4.12 

LI-L2 1.2301  0.912! 2.3101 1.781 - 0.0041 0.6291 0.9731  1.1121 
0.460 0.219 0.291 0.91 0.077 0.223 0.258 0.592 

Unf lown LI  12.971  13.141  8.251  10.871 3.98= 6.661  7.951 8.72: 
1.78 1.11 0.83 1.72 0.26 0.21 0.36 0.47 

L 12.971  11.681  9.231 11.16: 3.75. 7.131  8.721  9.761  
1.90 1.27 0.85 1.91 0.19 0.36 0.58 0.85 

L1
-L2 1.461  0.981 1.84= 0.041  0.48= 0.77- 1.041 

0.84 0.11 0.31 0.03 0.37 0.50 1.16 
LI2 0.1151  

0.060 
0.124= 
0.018 

0.1711  
0.014 

0.018= 
0.063 

0.0751  
0.057 

0.100: 
0.060 

0.140: 
0,122 

Age in days 10 16 26 39 10 17 27 
Females Flown L 4.60= 7.751  6.811  8.171 8.56= 9.18= 7.86: 1  0.s0 0.72 0.74 0.33 1.03 o.,,8 0.66 

1., 7.12! 15.11! 16.631 28.801 8.051 11.481 11.361 
1.30 0.80 0.96 3.90 1.33 0.93 1.69 

L-1 2.521  7.361  9.831  20.63= -0.51 2.301  3.50: 12 1.19 1.16 1.26 3.93 0.12 0.66 1.81 
1.1 -L7  0.5621 1.0371  1.5631  2.54= -0.0491 0.2531 0.4351 

0.257 0.255 0.341 0.49 	• 0.109 0.074 0.245 1.2 

unflown L 9.77 11.42= 7.33! 11.81! 8.311 5.86! 5.761 
I 1.99 0.82 1.59 1.28 1.08 0.48 0.77 

1.  10.88= 11.711 7.961 11.84: 7-831  6.051  6.02: 
2.03- 0.98 1.70 1.23 0.97 0.66 0.66 

L -L 1.1031 0.291  0.631  0.031  0.641  0.191  0.26: 1 	2 0.50 0.28 0.21 0.85 0.77 0.39 0.26 
L1
-L2 0.1281  0.0231 0.1041 0.0201  0.086! 0.004! 0.0601 

0.072 0.024 0.043 0.080 0.100 0.060 0.052 
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by crowded females were higher than those of isolated 

females (Table 43di Fig.45). Significant differences 

occur on the second and third test day (p = 0.010 - 0.005). 

The percentage increase in total lipids after flight was 

significantly greater (Fig.46) in crowded females on 

day 10 (p = 0.005 - 0.001) and day 16 (p = 0.025 - 0.010). 

The amount of lipids mobilized and the percentage change 

in lipids following flight increased with age in both 

crowded and isolated females. 

12.2.6 Fat body dry weight  

The dry weight of the fat body was determined (Section 2.10.3) 

in first generation Jedda males (Table 44a), solitary males and females 

from Mali (Table 44b), and in crowded and isolated first generations 

of Mali males and females (Table 44c). 

(A) First laboratory generation of Jedda males 

The dry fat body weights of the first laboratory generation 

of Tedda males, were on the average higher than those of 

the regular laboratory stock (compare Table 44a with 

Table 15 in Chapter 4.). 

(B) Solitary males and females from Mali 

Males showed significantly lower fat body dry weights 

than females (p < 0.0001, Table  403), but their total 

body weight was also significantly lower (p < 0.0001, 

Table 39c). 

(C) First laboratory generation of Mali locusts - 

isolated and crowded males and females 

Isolated locusts showed smaller fat bodies than crowded 

locusts (for unflown males p < 0.025, for unflown females 

p < 0.001 and for untreated males p < 0.001). Isolated 

females have a smaller fat body although their total weight 

was greater than that of crowded females, but it should be 
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Table 44a:  Pat body  dry  weight of first laboratory  

generation of Jedda males (Mean I S.E.M.) 

First Laboratory generation 

Age in days 27-39 28-40 41-53 59-70 	' 

Flown 112- 1451  128 101- 
4 14.6 18 10 

Unflown 1291 1371  1431  1401  
20 20 25 15 

Table  44b: Fat body dry  weight of solitary males and females 

collected in Mali. (Mean - S.E.M.) 

Males 	Females 

Flown 
(5) 

5.01  
3..1 

13.71  
0.6 

Unflown 7.4± 37.21 
(5) 3.0 13.3 

Untreated 22.31  
(1) 4.0 



Table  44c: The wet body weight, dry body weight, fat body weight and 

corpora allata volumes of first laboratory generation of 

Mall crowded and isolated locusts. (Mean 	S.E.M.) 

Sex Rearing Treatment Age No.of Fat body Net body Dry body C.A. 	C.A.V. 
condition animals weight volume 	wet body 

tested (mg) _Om gm * 	weight 
(1)-  

Male 
Crowded Flown 44 5 90.41  

13.4 
1.051 
0.073 

0.4211 
0.052 

0.781 	0.75 
0.07 

Unflown 44 5 89.41  0.9831  0.4471 0.811(2)  0.82 
19.2 0.031 0.031 0.10 

(3) 
Isolated Flown 36 3 9.71  0.8141 0.2921 0.461 	0.56 

2.0 0.015 0.003 0.04 
.(4) 

Un f I own 36 5 321  0.8251. 0.3311  0.54- 	0.65 
7.9 0.024 0.028 0.04 

(5)  
Crowded Flown 44 5 2341 1.4161 0.6541  0.721 	0.51 

7.1 0.044 0.021 0.07 
(6)  

Female Unflown 44 5 2501  1.3311  0.6251 0.811 	0.61 
19.2 0.037 0.026 0.06 

(7)  
Isolated Flown 35 3 	) 24.21 1.7401  0.6631  1.041 	0.60 

) 5.2 0.027 0.022 0.0) 

Unflown 35 3 

(8)  
Isolated Untreated 41 5 37.81  0.8321 0,3331 0.481 	0.58 

4.4 0.018 0.009 0.04 
Male 

Crowded Untreated 41 5 102.31  0.9951  0.4371  0X0.63 0.63-*  
8.7 0.055 0.027 0.05 

*Comparison of means: 

1-3 p 0.001 

2-4 p = N.S. 

6-7 p = 0.025 

8-9 p = N.S. 
4-7 p 0.001 



remembered that isolated females have been ovipositing 

while crow.ded females showed marked oocyte resorption, 

before being killed. 

12.2.7 Corpora allata volumes  

The volumes of the corpora allata were measured. by the 

method described in Section  2.12), in first laboratory generation 

Jedda males (Table 45 ) and in first laboratory generation of Mali 

locusts)of crowded and isolated males and females (Table 44c). 

(A) Jedda locusts: First laboratory generation males 

The average values of corpora allata volumes of unflown 

males of Groups 1, 2 and 4  were higher than those of 

flown males, but due to great individual variation these 

differences were not statistically significant. 

Jedda stock males showed volumes similar to those of 

laboratory stock , ales. 

(B) First laboratory generation of 	locusts - isolated 

and crowded males and females. 

Crowded females and males showed similar corpora allata 

volumes while the volume of isolated females was 

significantly larger than that of isolated males 

< 0.001). The differences between untreated 

crowded males and untreated isolated males were not 

statistically significant. The differences in size 

of the corpora allata may be partly attributed to general 

differences in weight in males and females of the different 

phases. When the averae values for corpora allata 

volumes were divided in each group by their average 

wet weight (since fresh corpora allata glands were taken 

for volume measurements)j  differences were minimized; 

the only large difference remaining between crowded and 

isolated males. 
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Table 45:  The corpora allata volumes of first laboratory 

generation of Jedda males in arbitrary units. 

(Mean -1  S.E.M.  ) 

Le in days 27-39 28.40 41-53 59-70 

Flown 0.6201  0.7181  0.7061.  0.592t 
0.091 0.025 0.062 0.084 

Unflmn 0.7941  0.806'1  0.7081 0.7661 
0.078 0.094 0.075 0.082 
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12.2.8 The wet body weight and dry body weight  

The wet body weight and dry body weight were determined as 

described in Sections 2.10.2 and 2.10.3 respectively. 

(A) 	Jedda locusts : First laboratory generation males 

1. Wet body weight: 

There were small, statistically insignificant 

differences in wet body weight of the four tested 

locust groups (Table 46)  The wet body weight of 

Jedda stock males was slightly lower, but 

statistically not significant, than that of laboratory 

stock locusts (compare Table  46  with Table 13). 

2. Dry body  weight: 

Dry body weights of all groups were similar (Table 46). 

Flown males of group 3 shot: the highest value, 

although differences were not statistically 

significant. 

(B) First laboratory generation of  Mali locusts 

wet bodz  weight  and dry body weight 

Isolated females showed a significantly higher wet 

body weight (Table 44c )thancrowded females (p< 0.001) 

although no such difference was noted in the dry body 

weight. Crowded males showed a higher wet body weight 

and dry body weight than isolated males. 

12.2.9 Morphological measurements of locusts used 

in the various experiments 

Measurements of the length of elytra (E), femur (F) and 

frons (C) were made according to the method described in Section 2.13 

of the locusts used in experiments described in Section 12.1. 

Measurements made of the laboratory stock, Jedda stock 

(first and second laboratory generations) and Mali. locusts (field 

and first laboratory crowded and isolated generations) and of F/C ratios 



Table 46: The wet body weight and dry body weight 

Wet 

body 

weight 

of first laboratory generation of 

59-70 

jedda males. (Mean - S.E.M.) 

41-53 Age in days 27-39 28-40 

Flown 1.0291  
0.032 

1.0521  
0.037 

1.0891  
0.064 

1.0401  
0.040 

Unflown 1.0521  
0.037 

1.0211  
0.025 

1.0671  
0.060 

1.0811  
0.042 

Dry 

body 

weight 

Flown 0,4901  
0.008 

0.5051  
0.025 

0.5121  
0.037 

0.4691  
0.021 

Un flown 0.5331  
0.025 

0.4801  
0.017 

0.4881  
0.029 

0.4831  
0.030 

2 9 
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are presented in Table 47 . Results obtained by Dirsh (1951) 

are presented in Table 47 for comparison. 

Males taken from the laboratory stock showed the lowest 

P/C ratios, similar to those obtained by Dirsh of gregarious 

laboratory males. 

Locusts originating from a dedda population of the first 

and second laboratory generation, showed similar F/C ratios and were 

not significantly different from those obtained by Dirsh for a 

solitarious population. 

Locusts obtained from a field population in Mali, showed 

F/C ratios similar to those of a solitarious population reported by 

Dirsh. The first laboratory generation males showed a slight 

reduction in the ratio upon crowding, while isolated males showed a 

slight increase in the average F/C ratios. The first laboratory 

female locusts reared in isolation showed a reduction in the F/C 

ratio from that of female parents. Since the sanyles were very small, 

changes could only be described by trends. 



Laboratory stock locusts 

Dirsh (1951) 

a. gregarious H 
	 2.981  

0.008 
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Table 47: lorphometric measurements and ratios of locusts originating from 

various stocks and populations. (Mean I S.E.M.) 

Number 
of locusts 
tested 

Sex 
F or M 

Elytra 
(cm) 

E 

Femur 
(cm) 
F 

Frons 
(cm) 
C 

Ratio 

F/c 

Laboratory stock locusts 10 4.771 
0.07 

2.351 
0.03 

0.761  
0.01 

3.111  
0.03 

Tedda locusts 

1.  First laboratory 5 Et 4.551 2.411  0.671  ) 3.551  
generation 0.06 0.03 0.01 ) o.o4 

5 tt 4.601 2.471  0.711  
0.03 0.03 0.01 

5 4.551 2.421  0.691  ) 3.581  
0.05 0.05 0.02 ) 0.06 

5 y 4.501  2.44: 0.67- 
0.04 0.03 0.001 ) , 

2.  Second laboratory 5 H 4.681  2.431  0.671  3.601  

generation 0.05 0.04 0.01 0.06 

9 H 4.511  2.391  0.65: 3.671  
0.03 0.03 0.01 0.05 

5 F 5.351  2.721  0.761  3.591  
0.02 0.04 0.01 0.09 

Mali 	locusts 

1. Field locusts 5 m 3.791 2.111 0.581  3.651  
0.12 0.06 0.01 0.05 

5 F 4.911  2.981  0.781  3.831  
0.19 0.26 0.01 0.26 

--- 
2. First laboratory 

generation 
a. Crowded 6 H 4.771 2.411  0.691 3.531 

 

o.06 0.04 0.02 0.10 

b. Solitary 6 H 4.441  2.451  0.621  3.951  
0.07 0.04 0.01 0.09 

5 4.321  2.391  0.641  3.761  
0.04 0.03 0.01 0.04 

5 F 4.561  2.981  0.851  3.51: 
0.09 0.04 0.01 0.02 

F 
	

2.861  
0.007 

b. solitarious 
	H 
	 3.641  

0.010 

F 
	 3.491  

0.011 



CHAPTER 13 

GENERAL DISCUSSION AND CONCLUSIONS 

13.1 The effect of allatectorny on flight behaviour 

Allatectomized males of L.m.migratorioides show lower 

flight performance than controls, when flown on a roundabout (Wajc 

1969; Wajc and Pener,1971). Michel (1972) has shown that allatectomy 

affects mostly poor flyers of S. gregaria and claims that the corpor.a 

allata do not control flight. However, Goldsworthy, Johnson and Mordue 

(1972) showed that if allatectomy was performed on 4 day old males,it 

reduced the flight performance,while if it was performed on 17 day old 

males, flight was not affected. In all these experiments, animals were 

flown on roundabouts. 

In the experiments carried out in the course of the present 

work, allatectomized and sham operated controls were flown on a 

flight balance (Cosens and Callow )1973); in a wild tunnel. Each locust 

was suspended from the lower end of a sensitive vertical pendulum. 

When the suspended locust started to beat its wings, it produced an 

upward force and a forward force. The upward force was registered as 

the "relative lift" (Weis-Fogh )1956). Relative lift was measured 

directly as the apparent reduction in weight of the flying locust and 

was given as a percentage of the preflight total weight of the locust. 

It expresses how much lift was produced in relation to the lift which 

would be necessary for free horizontal flight, if the actual weight of 

the animal corresponded to its preflight weight. In this way 100% 

or more of lift would indicate that the locust produced enough power 

to lift itself and was capable of free flight if it were not suspended 

on the flight balance. 

The thrust force (the forward force) was not registered, 

but was found to be small (5% of the lift force) by Weis-Fogh (1956). 

In our system, this force may have been even smaller, since animals 

were always flown against a constant wind velocity, that may have not 

corresponded to the flight velocity of the locust. In Weis-Fogh's 

experiments the thrust force was estimated indirectly by determining 
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the wind speed at which thl extra wind drag equalled the tip :east and 

this was the flying speed of the locust. In this system the suspension 

arm was always vertical so that interaction between the forward and 

the upward force were minimized and the upward movement of the suspension 

arm indicated accurately the lift force. In the flight balance used in 

the course of the work described here, such precautions were not taken. 

The suspension arm may have been displaced from its vertical position 

by a combination of wind velocity and the flight performance of the 

locust. Therefore, lift values include some interaction with the 

drag or thrust force. The flying locust was flying against the 

impedance of a flight balance that in addition to its hamperinn weight 

may have a resonance component influencing performance (Peters )1971; 

Cosens and Callow )1973). 

Locusts flown on a roundabout experience centripetal forces 

and other forms of sensory inputs, not associated with the more natural 

form of free flight. All the experiments reported by Wajc (1969), 

Wajc and Pener (1971), Michel (1972) Goldsworthy, Johnson and Mordue 

(1972), were carried out on locusts suspended from roundabouts. Flight 

performance in these experiments was measured as the number of 

revolutions made in a unit of time. Locusts flown on the roundabouts 

were stimulated in some way (at least initially) by low wind, in the 

experiments carried out by Wajc (1969), Wajc and Pener (1971) and 

Goldsworthy, Johnson and Mordue (1972). But the stimulation level 

was not constant as it depended on the flight performance of the locusts. 

For example, if the locust (or locusts) suspended on the roundabout, 

were flying well, the number of revolutions per unit time made by the 

roundabout were high, thus the wind velocity experienced by the locusts 

suspended on the roundabout was high. If the locust (or locusts) 

suspended on the roundabout did not perform well, the number of 

revolutions per unit time of the roundabout was low. Thus, the wind 

velocity experienced. by the locusts on the roundabout was low. 

Two experimental series were reported by Wajc (1969). In 

one series of experiments (Series 1), four locusts of the same 

treatment group, were suspended at a time on the same roundabout. In 

the second series of experiments (Series 2), only one locust was 



suspended from the roundabout at any time. Results of the two 

experimental series showed that differences between allatectomized 

and control locusts were significant in experiments of Series 2 

but not in experiments of Series 1. In Series 1 the four locusts 

suspended at the same time on the roundabout, stimulated each other. 

It was only necessary for any one locust to fly at a time to cause 

the roundabout to rotate. This rotation may have, in turn, influenced 

the other locusts, who were reluctant to fly, to resume their flight 

and thus cause an increase in the number of revolutions recorded by 

the roundabout. This made interpretation of results difficult. 

In Series 2 the roundabout continues to rotate so long as the locust 

suspended on it, was flyino; although its own flight performance may 

have caused autostimulation. Results of Series 2 were given to an 

easier analysis and could be analysed individually. Thus/ it was 

proposed by Wajc (1969) and Wajc and Pener (1971) that under low 

stimulatory conditions (Series 2 above) flight performance of 

allatectomized males was significantly lower than that of sham operated 

controls. Under higher stimulatory conditions (Series 1 above) 

allatectomized locusts were capable of flight performance indistinguishable 

from that of controls, 

Goldsworthy, Johnson and Mordue (1972) have shown that in 

S. gregaria, performance of allatectomized males, flown four at a 

time on a roundabout, was lower than that of controls but depended on 

the age allatectomy was preformed.Michel (1972) found that in 

S. gregaria allatectomy affected mostly poor flyers. In his experiments, 

one locust was flown at a time on a roundabout in conditions that 

precluded any external stimulation so that the flight performance of the 

locust depended almost only, on its internal and autostimulation. 

Controversial results on the effect of allatectomy on 

metabolism in S. gregaria and L.m. migratorioides were reported by 

Odhiambo (1966) and Strong (1968a) respectively. In most Acridoidea 

investigated, allatectomy causes the hypertrophy of the fat body 

(Weed-Pfeiffer, 1945; Odhiambo, 1966c; Strong, 1968; Walker and 

Bailey) 1971a). The accumulation of fat was attributed to the absence 

of the corpora allata at the end of the somatic growth period in 

S. gregaria (Walker and Bailey, 1971a; Hill, 1972), so that lipid 

4 -  
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synthesis occurring during somatic growth is not terminated in 

allatectomized males as it is in controls. Odhiambo (1966d) claimed ' 

that fat accumulation is due to the lower level of activity of 

allatectomized S. 9regaria. However, Strong (1968a) presented data 

which suggested that allatectomy did not affect general activity of 

L. m. migratorioides. Strong's approach was questioned by Wajc (1969), 

Wajc and Pener (1969) and Pener (1970). Strong (1968a) argued that the 

lower locomotor activity observed by Odhiambo was due to the lack of 

sexual behaviour observed after allatectomy in males of S. gregaria. 

Strong did not observe any reduction in sexual or locomotor activity 

following allatectomy in L. m. migratorioides. It has been shown by 

Pener and Wajc (1966), Wajc and Pener (1969) using quantitative 

observations and recording ,uethods, that allatectomized males show lower 

levels of sexual behaviour if placed with females and their sexual 

behaviour is abberant if compared with control males. It was thus 

concluded that allatectomy affects sexual behaviour in L.m. migratorioides 

and therefore Strong's conclusions on the effect of allatectomy on 

activity questioned. Strong (1968) proposed that "since the greater 

part of life of male locusts in captivity is directed towards sexual 

activity, any operation which reduces the latter must have a 

considerable effect on locomotor activity". It was proposed by Pener 

and Wajc (1966), and Pener (1970) that differences in the effect of 

the corpora allata on sexual behaviour and activity may relate to 

the life histories of the various locusts, especially in relation to 

the occurrence of adult diapause in their biology. 

The effect of the C.A. on the life span of some locusts 

tested, may indicate an indirect effect on activity. Joly (1965) 

found that allatectomized locusts of L. migratoria  live longer than 

controls. Wajc (1969) and Wajc and Pener (1971) obtained similar 

results for L. m. migratorioides and Pener (1970) for S. gregaria  

and Anacridium aegyptium (L.). It was also shown by Wajc (1969) and 

Wajc and Pener (1971) that flown allatectomized males have a shorter 

life span than unflown control allatectomized males. Flight did not 

affect the longevity of sham operated controls. Strong (1968)showed 

that enforced locomotor activity of allatectomized males can prevent 

a certain amount of fat accumulation. If longevity depends on the 
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fat accumulated, this may explain the shorter life span of flown 

allatectomized locusts reported by Wajc (1969) and Wajc and Pener 

(1971). Implanted locusts show smaller fat bodies (Johnson, 

1972 and the present work) and have a shorter life span (Pener • 

and Wajc, unpublished results). Although Roussel (1963) reported lower 

oxygen consumption by allatectomized males, Bentz, L. Joly and P. Joly 

(1969) did not find a direct effect on the mitochondria of a 

flight muscle of L. migratoria. 

As already mentioned earlier in the discussion, all 

experiments carried out on flight were performed on roundabouts. It 

was decided in the present work to compare the flight performance of 

allatectomized and control locusts flown in a wind tunnel under more 

controlled stimulatory conditions, at different wind velocities and 

at the same time record the relative lift force produced during 

flight. The wind servos both as a stimulator (Weis-Fogh, 1950; Camhi, 

1969) and a component in the aerodynamic forces. Lift was shown to 

depend on the wind on the surface of the wings. (Weis-Fogh, 1956). 

Three wild velocities were tested initially; 2.0 ms
-1

, 

3.1 ms-1  and 3.9 ms-1. 

Since the relative lift was recorded as a percentage 

change in weight, it was of importance to measure the preflight and 

post-flight weight at the three different wild velocities. Weight loss 

during the experimental flight period was not affected by wind velocity. 

This weight loss was probably mainly due to dehydration as younger 

locusts tended to lose more weight than older ones, although their 

flight performance was not higher. Some weight was lost by 

production of faeces, but little could be attributed to loss of 

metabolites, as will be shown in later sections. Most of the 

experimental results analysed in detail were of locusts flown at two 

wind velocities (3.1 ms
-1 
 and 3.9 ms-1) as locusts were more reluctant 

to fly at the lowest wind velocity (2.0 ms-1). 

Analysis of the various experimental series lead to the 

following conclusions: 
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1) The relative lift produced by a flying allatectomized locust 

does not differ significantly from that produced by a flying 

sham operated locust. On re)st occasions values were less 

than 100% relative lift. 

2) The average lift per group produced by the allatectomized 

locusts for a 30 minute flight period was not statistically 

different from that produced by a group of sham operated 

locusts on most occasions, indicating that variation between 

treatments was as large as variation in performance of locusts 

within each treatment group. 

3) Careful analysis revealed that wind velocity and age affect 

the average relative lifts of allatectomized and sham 

operated locusts. 	It was also shown that high lift values 

(80-99%) occurred mostly, when animals were flown at 

3.9 ms-1. Locusts of the two treatment groups produced 

higher average lift values when flown at 3.9 ms-1 than 

when flown at 3.1 ms
-1
. 

-1. 
4) Allatectomized males flown at 3.1 ms 	spend progressively 

more time in flight duriAg the 30 minute flight period, as 

they age. Ageing does not affect greatly the time spent 

in flight of allatectomized males shown at 3.9 ms
-1. 

Wind velocity and ageing have no great effect on the time 

spent in flight of sham operated locusts. It was shown 

by various methods of analysis (see Chapter 3) that control 

locusts flown at 3.9 ms-1 spend slightly more time in 

flight than those flown at 3.1 ms
-1
. 

5) Flying the same locusts at the two wind velocities (3.1 ms
-1 

and 3.9 ms-1) enabled individual comparisons of performance 

(Chapter 3). 

Sham operated locusts tend to produce higher lift values 

when flown at 3.9 ms-1 than allatectomized ones, if values averaged 

for every five minutes flight interval were compared. This was shown 

in 13-18 and 33-35 day old locusts but not in 51 day old locusts. 

Because of the large individual variation within each 

experimental group, t-test result in statistically not significant 
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ratios. This large indiv'ildual variation was also mentioned by 

Wajc (1969) and Wajc and Pener (1971) where it was also shown that 

the performance of the same locusts varied significantly from one 

testing occasion to the other. It is therefore necessary to examine 

the performance of locusts by various tests, that indicate trends 

rather than statistically significant events. These tests also relax 

the assumption of a normal distribution of experimental results that 

may not apply to many biological or behavioural events. 

From the above analysis of flight,it is evident that 

allatectomized males are capable of flight performance similar to 

that of controls in certain conditioes. This may indicate that 

the functional system in allatectomized males is not fully affected, 

and the differences in behaviour revealed under fine analysis may 

lie in the general behaviour controlled by higher nervous centres. 

The inter-relationships between the corpora allata and neurosecretory 

cells in the brain has been pointed out by Highnam and Haskell (1964). 

Michel claims (3972) that the median neurosecretory cells of the brain 

control flight in S. gregaria. This view was cont?sted by Goldsworthy, 

Johnson and Mordue (1972). 

13.2 The Development of implanted, allatectomized 

and control locusts: 

The rate of development in locusts is influenced by several 

factors, among others food, temperature and crowding conditions 

(Uvarov, 1966). In L. migratoria and S. gregaria, the presence of 

mature males will affect the rate of development of females 

• '(Norris11964). 

It was also reported that allatectomy and implantation of 

extra corpora allata may affect the rate of growth (Walker and 

Bailey)  1971; Poels and Beenakkers)1969; Hill)  1972), although 

Strong (1968) reported no effect in allatectomized locusts. It was 

therefore decided to follow the rate of development of locusts under 

the experimental conditions used lei the course of the present 

work. Sexes were usually kept in separate cages and temperatures 

were lower than those employed in the general laboratory breeding cages. 



X39 

The change in total weight, wet body weight and dry 

body weight (as defined in Section 2.10) were followed at various 

intervals during the life of the locusts. Allatectomy and 

implantation do not have any marked effect in males, while in females 

the effect may be due to the enhanced rate of development of oocytes 

in implanted females or absence of oocyte development in allatectomized 

females. Maturation of females is also associated with increased 

water content (Strong1966) contributing to a higher total body weight 

and wet body weight. 

The fat body dry weight was reduced after implantation of-

corpora allata. Similar results were reported by other workers. 

(Pools and Beenakkers,1969 ; Johnson; 1972).0dhiambo (1966c) reported 

that implantation of corpora allata into previously allatectomized 

locusts reversed the hypertrophy of the fat body seen in allatectomized 

males. In females this reduction in fat body dry weight may be 

associated with enhanced oocyte development as the weight of the 

fat body is reduced once the oocytes start to develop (Hill, Luntz and 

Steele, 1968). 

It was mentioned earlier, that allatectomy causes the 

hypertrophy of the fat body in most Acridoidea investigated. It has been 

already mentioned that according to Odhiambo (1966d) the fat 

accumulates as a result of the lethargy of allatectomized S. gregaria, 

while Strong (1968a) claims that lethargy is not the main cause 

of fat accumulbtion in allatectomized L.m. migratorioides. Wajc and 

Pener (1969) challenjed Strong's conclusions and showed that the 

assumption made by Strong were not accurate. Wajc and Pener (1971) and 

in the present work, it was shown that, at least under certain 

experimental conditions, flight performance of allatectomize•I males 

was lower than that of controls in L.m. migratorioides. 

Fat accumulation could be a result of either an increase 

in synthesis, a decrease in utilization, a combination of both or 

an inability to release lipids from the fat body, once they have 

been stored. It has been shown that some decrease in utilization 

may occur due to lethargy as already mentioned above. Hill (1972) 

proposes that juvenile hormone has a direct effect on the processes 
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leading to lipid accumulation; 

(1) Allatectomy of S. !Iregaria during the first few days 

of adult life does not alter the feeding activity, but 

lipid accumulation continues after the intensive feeding 

period. If allatectomy is performed after the period of 

intensive feeding, no accumulation occurs in the fat body 

(2) The fat body of allatectomized males of S. gregaria have 

twice the capacity for lipogenesis during the period. of 

intensive feeding than that of normal animals, but after - 

this time it declines to a level slightly above normal. 

(3) The corpora allata became active in adult locusts 

towards the ead of the somatic growth period and J.H. 

can be detected when the period of intensive feeding 

begins to decline which is also associated with a decrease 

in the capacity of the fat body for lipogcnosis, 

(4) Direct suppression of lipogenesis may result from 

addition of homogenates of C.A. to in vitro incubations 

of the fat body. 

In addition, indirect evidence on the control of the j.H. 

may be assessed from ovariectomized females, where haemolymph lipid 

levels were not affected by the operation and no hypertrophy of the 

fat body occurred. 

The release of the lipids from the fat body is probably 

due to an adipokinetic hormone present in the glandular lobes of 

the corpora cardiaca (Goldsworthy, Mordue and Guthkelch, 1972). 

Allatectomy does not effect the release of this hormone from the 

corpora cardiaca, since lipid levels in allatectomized locusts are 

not affected and flight causes an increase in lipid levels comparable 

to those of control. locusts5(Goldsworthy, Johnson and Mordue, 1972; 

and the present work). 

In the present work it was shown that on most occasi-7ms, 

repeated flight experiments may cause some reduction in the fat body 

dry weight. 
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The corpora allata volumes were measured in implanted 

and control locusts in addition to the other parameters already 

discussed. 

The size of the corpora allata depends on the proper 

nervous connections with the brain in S. gregaria (Highnam 1964), 

in S. paranensis (Strong, 1965a). Cautery of the neurosecretory 

cells prevents normal enlargement of the corpora allata (Highnam, and 

1964; Strong, 1965a). The activity of corpora allata in 

L. migratoria depends on the median neurosecretory cells of the 

brain (Girardie,1966; 1967). Staal (1961) has shown that the size 

of the C.A. depend on the proper connections with corpora cardiaca in 

L.m.migratorioides. Sectioning of the NCA1 causes a reduction in 

C.A. volume, but the activity of the smaller glands did not differ 

from that of the control glands. This supports the clai.12 of many 

workers (see the Introduction) that the size of the corpora allata 

does not always correlate with its activity. On the other hand, 

sectioning of the NCC did not affect the C.A. size. Staal (1961) 

suggests that neurosecretion from the brain may reach the corpora 

cardiaca via other nerves i.e. the hypocerebral ganglion. However, 

Goldsworthy, Johnson and Mordue (1972), have shown that sectioning 

of the NCC1 and NCC2 causes a reduction in the size of the corpora 

allata in S. gregaria. 

Implantation of extra corpora allata 24-48 hours after 

the moult to the adult, inhibits the normal enlargement of the host 

corpora allata glands. Implanted locusts show an enhancement of 

sexual development. In females oocyte development and yolk 

deposition is greatly accelerated - implanted locusts laying eggs 

about 14 days after fledging. In males, yellow colouration is 

noticed at an earlier age. Implanted males show an earlier onset of 

sexual behaviour (Pener, personal communications). The effect 

of the corpora allata on sexual maturation in implanted locusts, 

may be a direct one on the target organs or an indirect one via the 

neurosecretory system of the brain. Engelmann, Wilkens and Hill (1971) 

assume that, at least, in Leucophae the J.H. directly controls the 

synthesis of the females specific protein. Thomsen and N$ller (.1963) 
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have shown a direct cootry_ of tile corpora allzta on protease 

activity in the gut of Cahiphora. In locusts (Hi11,1972) the problem 

has not been yet resolved. The neurosecretory system of the brain 

may be activated by release of J.H. from the implanted C.A. as 

described by McCafferey (1972). The accelerated sexual maturation 

and onset of flying is then a consequence of the synergistic effect 

of neurosecretion and J.H. However, the host C.A. need not be 

switched on by this increase in activity, since it may well he that the 

C.A. activation factor (if one is present in the brain) is not actually 

released. The host C.A. may become active at their normal time, but 

may be prevented from releasing their hormone or from enlarging duo 

to the presence of a high J.H. titre, produced by the implanted glands. 

As the activity of the implanted glands gradually decreases (Pener 

and liroza, 1971), the activity of the host glands increases and their 

volume increases. Alternately, it was shown by Johnson and Hill 

(1973, 1973a) that the size of the C.A. does not always reflect upon 

their activity. Therefore, in L.m. migratorioides the size of the 

C.A. may also depend on the J.H. titre in the haemolymph, and not 

only on the proper nervous connections with the corpora cardiac a or 

the neurosecretory cells of the braia. This may apply only if C.A. 

are implanted a short time after the adult moult, since Johnson 

(1972) has shown that at least in males of L.m. migratorioides, the 

size of the glands increases throughout the adult life. 

13.3 Flight performance and the  changes in 'haemolymph 

total  carbohydrates and total lipids following flight 

13.3.1 The effect of age in  males and females  

Weis-Fogh (1952) has shown that locusts utilize 

carbohydrates and fats during flight. Carbohydrates were utilized 

in the first period of flight, while lipids after an extended period 

of flight. Oxidation of fats is of great advantage in extended 

periods of flight. 

Becher and Klingenberg (1958) have found that the 

concentration of trehalose, glucose and glycogen fell considerably 

during a two hour flight period. Eeenakkers (1965) found that the 
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concentration of fatty acids increased in the haemolymph and in the 

flight muscles after .six hours of flight. Mayor and Candy (1967) 

reported that the increase in total fatty acids (TFA) in the haemolymph 

after flight was associated with an increase in diglycorides (sec 

also Gilbert,1967). Flight muscles utilize palmitic and oleic acid 

during flight, since their increased concentration mainly contributed 

to the increase in TFA of the haemolymph (Boonakkers)1965). Mayer 

and Candy (1969) reported changes in levels of ammonia and various 

amino acids in haemolymph following flight. Eirston et al (1963) 

found that prolino levels in flight muscles fell during a two hour 

flight; period. Levels of gIncose,glycogen and trehalose were also 

affected (Mayer and Candy, 1969). Tictz (1962) reported that fat 

body in vitro would release glycerides into the media and the amount 

of glycerides released was related to the amount of haemolymph added 

to the media. This may he doe to the addition of protein receptors 

or to the presence of a humol-al factor. 

it is known that fat stores in the flight muscles are small 

(Beenakkers 1965). Fat is stored in the fat body mainly as 

triglycerides, which arc re Leased into the haemolymph a4diglyeeridos 

in the form of lipoproteins (Poled and Tietz,1973). Gilbert (1967) 

postulates that baemolymph diglyceridos are separated from their 

protein carriers as they move intact int,) the flight muscle, whereupon 

the fatty acid is cleaved from the glycerol ester amid oxidized in the 

flight muscle sacrosomes. 

The main component of anthrono positive total carbohydrates 

in haemolymph is trehaloso (Goldsworthy, 1969). The concentration 

of trehalose in haemolymph is greatly reduced after flight (Mayer and 

Candy )  1969 	Goldsworthy Johnson and Mordue )1972). 

The haemolymph serves as a transport media from the fat body 

to the flight muscles, hovever,changes in the haemolymph during or 

following flight may not reflect all the events taking place in the 

flight muscles or the fat body. 

The changes in total carbohydrates and total lipids in 

haemolymph follog flight, were studied in males and females. 



The inter-relationship between flight, and development in the adult 

locusts was followed b; testinj locusts at various periods throughout 

life. Usually the same )ocusts were tested on successive experimental 

days. The effects of altatectomy and extra corpora allata 

implantation on flight end the changes in total haemolymph carbohydrates 

and lipids was followed in locusts of various ages. Results reported 

in the literature, were usually based on limited age groups and usually 

locusts were tested only oncca- 

Locusts were flown in a wind tunnel with the wind velocity at 

3.1 ms
-1 

and their flight performance.scores recorded by constant 

observation methods (see Chanter 2 Section 2.3). 

Preflight toted carbohydrate levels in hacmolymph remained 

quite steady throughout life except that they were lower in very young 

locusts (6 days old))  or 1L 	in very old ones. 'Tie levels found in 

the course of this work 	large variations and sometimes were double 

the- levels reported by Geldseorthy (1969) and Goldsworthy and Mordue 

(1969). This nay be doe Lo differences in fool (Aansen, 196'1) and/or 

rearing methods. Large variations were also found between different 

series of experiments. The levels of total carbohydrates in fel:I:ties 

were similar to those of m:tles and were not affected by age, 

Preflight to'_al lipid levels were found to be higher than 

those reported by Heenakkees (1965), but this nay be related to the 

different methods employed in the lipid determinations. Results were 

similar to those reported by Goldsworthy)  Johnson and Mordue (1972). 

In males, preflight le.iels vary slightly with age, but in females an 

increase was noted with the development of the first batch of oocytes. 

The increase in the levels of total lipids in the haemolymph following 

flight were closely correl:Ited with the state of sexual maturation 

and flight performance is both sexes. In females and males a gradual 

increase in flight performance scores was noted with the onset of 

sexual maturation. In males, improvement in flight performance could 

be correlated with the cud of the somatic growth period and the 

development of the yellow colouration, while in females flight 

performance scores increased from the end of the somatic period until 

the first egg pod was laid. 
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Michel (1969) pOnted out that in S. gregaria females 

laying eggs were reluctant to fly immediately before and after 

egg laying. In addition, on most occasions, females flew for 

longer periods than males. These observations were confirmed for 

Locusta in the ex.peri.seuts reported here. 

RePeated testing of the same locusts did not affect 

thei,7 performance, as locusts tested only once in their lifetime 

had similar experimental results. It is known that the amount of 

lipids in the fat body is depleted during oocyte developmlmt (Hill, 

Luntz and Steele, 1968). As mentioned earlier, diglycerides are 

transported from the fat body to the flight muscles following 

flight. It is not known whether the same lipids or the same sites 

are involved in these processes, making them competitive. It may 

also be possible that following flight, the flight muscles may be 

capable of "drawing" upon the "pools" of lipids present already IN 

the haemolymph so that additional lipid is not transferred from the 

fat body into the hacmolymph after a short period,foIlowing flight. 

It was noted that larger increases in amounts of lipids.in the 

haemolymph following flight occur in males 

Care should be taker in the interpretation of results 

presented as a percentage change, since the percentage decrease in 

total carbohydrates as the percentage increase in total lipids 

depends on the preflight levels, which may vary with age as shown 

in the present work. The actual amounts mobilized or depleted 

are on most occasions, little affected by age. 

The percentage change irr total carbohydrates in the 

haemolymph, following flight was found to be similar to the 

values reported by Goldsworthy, Johnson and Nordue (1972). The 

highest percentage change in total haemolymph lipids in males was 

found to he higher (238 44.5) than that reported by Goldsworthy, 

Johnson and Mot due: (153.2- 33.5). Flight performance cannot be 

compared directly, in the two cases, due to the different methods 

employed in flying the locusts. 

In the experiments reportd here and by Goldsworthy, 

Johnson and tlorclue (1972), a large individual variation is noticed. 



This has also been reported previously (Wajc and Pener, 1971) where 

it was also noted that the performance of the same locusts may vary 

significantly from one experimental day to the other. 

It should be pointed out that the volume of the_haemolymph 

increases with age in locusts (11111, Luntz and Steele, 1968; Johnson, 

1972). Although small changes in total carbohydrates were noticed 

before and after flight at the different ages, the total carbohydrate 

"pool" increases with age. Ina similar way, the actual amounts 

available of total lipids to the flight un 	were much higher 

than those indicated by an increase in their concentration. 

Determinatins of haemolymph total carbohydrates and total 

lipids were carried out on five locusts flown a time, within a wind 

tunnel at a wind velocity of 3.1 ms
-1
. The flight performance of 

the locusts was scored by two methods. The two methods of scoring are 

based on the time the locust flown spout flying during the 30 minute 

flight period. No direct meauromntt. of energy expediture 

were taken of the flying locusts. All locusts that flapped their 

wings were given equal scores, whether they spent more energy in 

flight (such as producing higher lift values) or not. These methods 

were capable of showing the flight tendency of the locusts. Young 

locusts usually showed low scores, ,nile sexually mature ones showed 

high scores. Results may he mislea:Jing in old locusts. Older 

(usually over 40 days old) locusts do not exhibit the quick, sharp 

and agile movement characteristic of young sexual mature locusts. 

It was noticed that once old locusts start flying and are "locked" 

in flight positions, they keep flapping their wings sometimes at low 

wing beat frequencies. Such performance will still score highly in 

the methods emdloyed, although the actual energy output of the 

flying locust may be low. The two methods, though, were adequate 

for quick and easy assessment of the individual flight performance 

of a few locusts flown at the same time; thus enabling individual 

determinations of the changes taking -)lace in hoemolymph total 

carbohydrates and total lipids following flight. The measurements 

made on flown locusts were compared to those made on similarly 

treated unflown locusts. 
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13.3.2 The correlation between total carbohydrates 

and total lipids  and flight performance 

A multiple regression was carried out on the pooled 

results of various expeeiments of males and females of various ages, 

tested in the course of the present work. It was found that any 

two of the variables - flight performance, increase in amount of 

total lipids in the haemolymph following flight and the decrease in 

the amount of total carbohydrates in the haemolymph following flieht, 

were significantly related to each other in males. In females, 

no statistical significant relationship was found between the 

increased amount of total lipids and the decreased amount of total 

carbohydrates following flight. This may he related to the fact that 

the preflight levels in females were affected by age. In meles no 

such.effect of age was noticed. This suggests that the energy 

utilized by the flight muscles determines the changes taking plaee 

in the haemolymph of total carbohydrates and total lipid5. Th 	is 

in accordance with the recent report by houben and Beenakkeye (1973) 

that the increase in total lipids in the haemolymph follow i ng .f'i;(pt 

depends on the haemolymph trchalose levels. Although in the 	.sent 

work, no correlation was found between preflight totel earteh 

levels and post-flight lipid levels in the haemolymph. 

13.3.3 The chanus in haemolymph at various 

periods after flight  

Mayer and Candy (1969a) showed that injections of corpora 

cardiaca increases the lipid levels in the haemolymph up to 2 hours 

after the injection was made. A mere pronounced effect was demonstrated 

by Goldsworthy, Mordue and Guthkelch (.1972) who injected extrcts of 

the glandular lobes of the corpora cardiaca. The effect they 

reported lasted for 4-5 hours. Since it was proposed (Nayer 

Candy, 1969a) that flight facilitates the release of the adipokincLic 

hormone from the corpora cardiaca, it was of, interest to folios Lite 

changes taking place in the haemolymph after flight has :sloe e,:1. 

It was found (Chapter 9) that the lipid levels in the 

haemolymph were still significantly above the preflight levels, 

three hours after the termination of flight. If a hormone is released 



during flight, the slow return of the post-flight levels to the 

preflight ones may be attributed to the slow breakdown or e.x!cretion 

of the hormone involved as sugr,;ested by Goldsworthy, Mordue and 

Guthkcich (1972). This slow process may also contribute to the 

restoration of fat stores in the flight muscles. 

The total carbohydrate levels in the haemolymph were 

affected for only a brief period after flight and no effect of 

flight was noticed 30 minutes after flight has stopped. 

13.3.4 The effect of allatectomy 

The flight performance of allatectomized males may be 

indistinguishable from that of controls under the appropriate 

stimulatory conditions. This has been discused in an earlier section. 

Determinations of haemolymph total carbohydrates :Ind total lipids 

were carried out on allatectomized and sham operated locusts flown in 

a wind tunnel at a wind velocity of 7,.1 ms
-1
. Five locusts were 

flown at the same time and their flight perforance was recocded by 

two methods (see discussion in Section 13.3.1), In these experimental 

conditions, the flight performance of allatectomized locusts did not 

differ significantly from that of sham operated controls. In the first 

experimental series, where flight experiment cooTenced on days 7 or 

9 after the moult in allatectomized and sham operated locusts, 

respectively, a large increase in the flight :cores was observed in 

the older locusts of the two groups. In the second experimental series, 

where flight experiments commenced at the a:;(? of 58 days, flight scores 

of allatectomized and sham operated locusts -wece relatively high 

(97-132 out of 180) and fluctuated slightly with age. The higher 

scores in older locusts may be attributed to om extent to slowness 

or lethargy of ageing locusts (sec discussion in Section 13.3.1.). 

Allatectomy did not affect preflight total carbohydrate 

levels, the amount of total carbohydrates depleted. from the 

haemolymph or the percentage change in total carbohydrate levels, 

following flight. 



Allatectomized Males showed a gradual increase in their 

preflight haemolymph total lipid levels upon ageing. The changes 

taking place in the haemolymph total lipids following flight were 

usually slightly greater in allatectomized males than those of sham 

operated controls, On some occasions, this could be correlated with 

the slightly higher average flight scores recorded in allatectomized 

males. It seems then, that allatectomy does not interfere with the 

lipid release from the fat body following flight. Similar 

conclusions were drawn by Goldsworthy, Johnson and Mordue (1972) on 

S. gregaria. In their.  experiments, injections of corpora cardiaca 

into allatectomized locusts brought about an elevation in blood lipids 

even slightly higher than that of controls. In addition, these 

workers showed that the amount of lipid mobilized by allatectomized 

S. gregaria depends on the a.,:e at which allatectomy is performed. 

The percentage change in blood lipids was low in 20 day old males, 

if allatectomy was performed 1  days after the moult, but was high 

and if males were allatectomized when they were 17 days old. These 

results are probably related to the fact, that flight performance was 

low in 20 day old males if they were allatectomized 11 days after the 

adult moult and was almost not affected if allatectomy was carried 

out at the age of 17 days. In the experiments reported in the 

present work allatectomy was carried out 24-48 hours after the adult 

moult. As shown, flight performance and changes in haemolymph lipids 

of allatectomized males did not differ significantly from that of 

controls. The slightly higher changes noted in haemolymph lipids in 

allatectomized both. in flight experiments reported here and after 

:corpora cardiaca injections in the work reported by Goldsworthy, 

Johnson and Mordue (1972), may suggest that allatectomized locusts are 

more sensitive to corpora cardiaca adipokinetic hormone. 

Recently, it was reported (Goldsworthy, Mordue and Johnson, 

1973) that the amount of the adinokinetic hormone in the glandular 

lobes of the corpora cardiaca, was not affected by allatectomy. 

2 1-1 



13.3,5 The effect of: implantation of extra corpora allata 

Implantation of two pai:'s of corpora allata 24-48 hours 

after fledging, enhances the onset of sexual mAtnration in males and 

females. Implanted males show an enhanced rate of onset of yellow 

colour, while females start to lay eggs at an earlier age. Somatic 

growth is not affected by implantation. The life span of implanted 

males is shorter than that of sham operated controls (Penor and Wajc, 

unpublished results). Michel (1972) has reported that injection oC 

extracts of corpora allata or juvenile hormone mimics increases the 

flight duration of S. gregaria for a limited period of 4 to 12 days 

after treatment. 

In the experiments carried out in th.1 course of the present 

work it was shown that 5 day old implanted males show higher flight 

performance scores than operated ones and this say be associated with 

the phenomena of enhanced sexual maturation. Preflight lipid levelzi, in 

implanted females increase at an earlier age than. in controls and 

variations in these levels begin with the onset of egglayino. These 

effects of the corpora allata are long term in cemparison to thoso 

reported for corpora cardiaca adipokinetic or hyperglycaemic 	 es 

(Mayer and Candy, 1969a; Goldsworthy, 1970; and (oldsworthy, Mordue and 

Guthkelch, 1972) which last a few hours. The implanted corpora allata 

affect the general physiology of the locusts - causing an enhancement 

of sexual maturation and consequently an enhancement of those phenomena 

that are associated with IlAturation, such as the increase in flight 

performance; the increase in preflight lipid levels in the haemolymph 

of females; the increase in the amount of lipid mobilized; which occur 

at an earlier age than in control locusts. The effect of the 

implanted corpora allata way be a direct one on the target organs, 

such as ovaries, testes, fat body, cuticle, flight muscles etc, or 

an indirect one, by activating the hosts neurosecretory system (see 

discussion in Section 132). 

13.4- The effect of  implantation of coroora allata 

allatectomy and win velocity on wing beat frequency 

Kutsch (1971, 1975)  reported that the wing beat frequency 



of flying locusts increases during the first few weeks of adult life 

in L. mioratcria and S. creoaria. Locusts reared at higher 

temperature.that showed faster rate of development also showed faster 

achievement of maximum rate of wing beat frequency. 

The corpora allata are of great importance in sexual 

maturation. Males and females implanted with C.A, show enhanced onset 

of sexual matuation and achieve higher flight performance scores at 

an earlier age than the control locusts. On the other hand, 

allatectomized males do not shOu any sexual maturation and their near 

normal flight performance is certainly due to the effects of external 

stimuli during the flight performance. 

It was found that allatectomized, implanted and control 

locusts achieved similar wing beat frequencies, but there was no 

effect of wing velocity on the wing beat frequency. 

The increase in wing beat frequency occurs duri,ig the 

somatic growth period of the locust, where the corpora allata may have 

little effect (will, 1972). Johnson and Ain (1973a) reported that 

although J.H. was detected in the haemolymph of the adult immediately 

after the final moult, no hormone could be detected until two days 

prior to onset, of sexual maturation. Implantation of extra corpora 

allata enhances sexual development but does not affect the somatic 

growth period, although direct effects of the corpora allata on the 

development of flight muscles were reported by Minks (1967) for 

allatectomized. locusts and by Pools and Beenakkers (1969.) in implanted 

locust. It is possible that individual variation in wing beat 

frequency (Kutsch, 1973) may be greater than those contributed by the 

treatments, causing difficulties in the analysis of results. 

51 



The action of the cerebral neurosecretory system, corpora 

cardiaca and corpora allata may be divided into short term and long 

term effects. 

It has been shown that the corpora cardiaca contain several 

hormones (Mordue, 1972). One of these hormones - the adipokinetic 

hormone, is directly connected with flight. It was found that 

glandular lobes extracts are at least 50 times more potent than 

the storage lobes extracts in elevating blood lipids in the haewolymph. 

Various other biological factors were isolated from the glandular 

and storage lobes of the corpora cardiaca. (Mordue and Goldsworthy, 

1969). A hyperglycaemic hormone is found in both the storage and 

glandular lobes, but the glandular lobe was found to be more potent 

than the storage lobe. It was also shown that extracts of the C.C. 

bring an increase in the ratio of active to total phospharylase in the 

the fat body, the glandular lobe being twice as potent as the storage 

lobe. A dibretic hormone was found to be present in the storage 

lobes of the corpora cardiaca and an anti diuretic one in the 

glandular lobes. Corpora cardiaca extracts increase the heart beat in 

locusts. Extracts from the storage lobes producing an increase in 

frequency and in amplitude, while the glandular lobe extracts increase 

the heart beat frequency but decrease the amplitude. 	At the present it 

is not known whether the same corpora cardiaca extract fractions have 

multiple functions, or whether each function is controlled by one 

fraction. It has been shown (Mordue and Goldsworthy, 1969) that a 

region of eluates from Sephadex gel filtration containing the diuretic 

hormone, also affects the rate of beating of isolated hear preparations. 

In a similar manner, the anti-diuretic fractions affect the heart beat. 

Both fractions have an effect on lipid mobilization. The doses involved 

in bringing about the various functions vary greatly. Injections varying 

in concentration between 1-  to 1 gland-pair per animal will affect fat 

body phospharylase, increase excretion, increase haemolymph total 

carbohydrates and increase heart beat frequency. In comparison, only 

0.01 of a gland-pai-  is needed for elevatinj blood lipids. The mode 

of release of these hormones in vivo is yet unknown. Mordue (1972) 

suggests that the diuretic hormone is released by the feeding stimuli. 

It has been suggested (Mayer and Candy, 1969) that the adipokinetic 

') 



hormone is released during flight, since fractions equivalent to those 

of the corpora cardiaca are found in hacmolymph of flown locusts. 

This view is shared by Mordue and Goldsworthy (1969) who calculated that 

1/200 of the total adipokinetic hormone content of one pair of 

glandular lobes is released within 30 minutes of flight. Injections 

of corpora cardiaca extracts of flight have a relatively short term 

effect in the locusts, lasting only a few hours. This is probably due to 

the excretion of the hormones or extracts injected, through the 

Malpighian tubules 	(Goldsworthy, Mordue and Guthkelch, 1972). Long term 

effects are achieved by cauterization of the neurosecretory cells of 

the brain, severance of nerves and implantation of corpora cardiaca or 

corpora allata glands. 

Although it is theught that the neurosecretion in the corpora 

cardiaca is wholly or partly synthesized within the neurosecretory cells 

of the pars intercerebralis, and therefore some !iielogical activity 

expected from extracts of the brain, little or no biological cxctivity 

was found in such extracts by Mordue and Goldsworthy (1969). These 

conclusions were opposed by reports of French workers. Cazal and 

Girardie (1968) reported the diuretic effect of neurosecretory cells 

of the brain of the pars intercerebralis, which is absent from whole 

gland extracts of the corpora cardiaca. Michel (1972) claims that 

cauterization of the neurosecretory cells of the brain impairs 

flight in S. gregaria. It has been shown by Goldsworthy, Johnson and 

Mordue (1972) and Goldsworthy, Mordue and Johnson (1973) that the 

diuretic hormone release is controlled by the neurosecretory cells of 

the brain. Severance of the NCCI. and NCC2 reduces excretion through 

the Malpighian tubules for 2-4 days until regeneration and formation of 

"de novo" corpora cardiaca glands are formed. It was also found that 

the diuretic hormone content of the storage lobes of the corpora 

cardiaca is reduced. On the other hand, cauterization of the cerebral 

neurosecretory cells does not affect flight performance of L. mi9ratoria 

(Goldsworthy, Coupland and Mordue, 1973) and does not affect the 

adipokinetic hormone content of the glandular lobes of the corpora 

cardiaca (Goldsworthy, Mordue and Johnsort,1973). Severance of the 

NCCI and NCC2 or removal of the glandular lobes of the corpora cardiaca 

will impair flight. Thus, Goldsworthy, Coupland and Mordue (1973) 
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showed that the glandular lobes are of utmost importance in. flight 

and adipokinetic hormone release from the glamtular lobes and not the 

neurosecretory hormones is of primary importance during flight. 

It is not known yet how the adipokinetic hormone is 

released during or after flight. Mayer and Candy (1969) showed that 

a few minutes of flight are sufficient for elevatio haemolymph 

total lipid levels. This occurred while haemolymph total carbohydrates 

were not completely depleted 	(see also the experiments reported in 

the work presented here), suggesting that the onset of flight is 

being conveyed to the corpora cardiaca, stimulating the release of the 

adipokinetic hormone. On the other hand, it was shown here, that the 

increased amount of haemolymph total lipids depends on flight 

performance and the amount of haemolymph total carbohydrates utilized 

during flight. This suggests that the activity of the flight muscles 

controls to some extent, the amount of lipi:s mobilied from t!:o fat 

body into the haemolym;;h. It is most probable thot the releaL,e of the 

hormone is brought about by a combination of the two mechanisms. The 

initial release of the hormone may be due to sensory input occurring 

at the onset of flight, and the mo.intaioing of the release to, toe 

energy consumed during flight by the muscles. 

Implantations of corpora cardiaca were carried out by 

Michel (1972). Small amounts of corpora cardiaca neurohaemal 

lobes (storage lobes) taken from good flyers will promote sostained 

flight behaviour. Large amounts from good or poor flyers will 

inhibit flight. Implantation of corpora cardiaca which have been. 

without nervous connections to the brain for 15 days, has no effect. 

Glandular lobe implantationshave no effect, and so are neurohaemal 

lobes taken from animals after a long flight period of 13 hours. 

Allatectomized males react in a similar manner to controls, after 

implantation of corpora cardiaca neurohaemal lobes. isolated locusts 

scarcely react. The differences between Michells work and that of 

Goldsworthy, Johnson and Mordue (1972) and Goldsworthy, Coupland 

and Mordue (1973) is unexplainable at the present. 



Implantation of corpora allata enhances sexual maturation 

in the locusts and the onset of flight. Michel (1972) implanted. 

corpora allata glands in 40 day old allatectomized and control 

locusts. In both cases, an increase in flight of poor flyers was 

noticed for about 12 days after implantation. Injections of J.H. 

has a shorter time effect of about 4 days. In the present work 

implantation was carried out 24-48 hours after the moult and its 

effect on flight was most noticeably before the onset of sexual 

maturation. The effect of the corpora allata may be a direct one or 

an indirect one via the neurosecretory cells of the brain (see 

discussion in Sectioo 13.2). 

Allatectomy prevents full sexual maturation in males and 

females. Flight performance was not affected in allatectomized 

locusts tested for their haemolymph lipids and carbohydrates, under 

the certain experimental conditions employed. It was confirmed 

that allatectomy does not interfere with adipokinetic hormone release 

after flight. (see also discussion in Section 13.3./1)• 

Neither allatectomy nor implantation affected the wing 

beat frequency. This and results discussed in Section 13.1 

demonstrate that the central nervous systems basic flight system 

firing pattern is not affected by these treatments, and may be 

genetically coded (Wilson 1968, Kutch 1973). Although, the basic 

pattern, such as the contraction of the flight muscles and the wing 

beat frequency may not be affected, the more general flight 

behaviour involving co-ordinated higher nervous centres could be 

affected. If the higher brain centres are affected by hormones to a 

varying extent, hormones may affect general behaviour patterns such 

as duration of flight and response to various external stimulatory 

conditions.' 

13.5 Isolated and  crowded locusts of various cultures 

and populations 

Michel. (1.970) compared the flight behaviour of crowded and 

isolated laboratory locusts of S. gregaria. He showed that the 

largest reduction in flight duration of isolated locusts was obtained 



within one generation. Isolation in subsequent generations added 

little to the effect of the first generation. Similar trends were 

reported for other phenomena such as aggregation and marching 

behaviour of hoppers (Ellis, 1962); ovariole number (Albrecht, Verdier 

and Blackith, 1959); adult morphometrics (Hunter-Jones, quoted by 

Uvarov 1966); weight and fat body weight (Chou, 1952); and oxygen 

consumption (Pener, 1963). 

P. Joly (1949) postulated a hypothesis of hormonal control 

of phase characters, involving the titres of juvenile hormone. 

Implantation of corpora allata into hoppers brought about effects 

similar to those resulting from rearing locusts in isolation, such 

as a change in blood colour; a change in integumental pigmentation and 

in morphometric ratios. Staal (1961) supports this theory, although 

he found that the effect of the corpora allata was not always as 

definite and consistent as the effects of isolation. It was regrded 

that the striking morphological differences noted by isolation also 

reflected differences in physiology, endocrinology and behaviour of 

locusts (Uvarov, 1966). Swarms consisting of locusts exhibiting 

solitarious morphology have been reported (Z. Waloff, 1960). Agc;reg;Jc 

beha viour may be achieved in solitarious locusts after a period of 
•• 

exposure to other locusts or by means of tactile stimuli. (Ellis, 1962; 

Ellis and Pearce, 1962). Solitarious hoppers were considered to 

demonstrate lower activity. 

The morphological differences in various geographical 

populations of Locusta migratoria have been discussed by Uvarov (1966) 

and their physiological aspects by Verdier (1970). Laboratory locusts 

are inbred and may not represent the wild population. Since locust 

physiology, morphology and behaviour is greatly dependent on 

environmental rearing conditions, a comparative study would be of an 

advantage in understanding its biology. 

Locusts isolated in the laboratory from the time of hatching 

exhibit the green colour of solitary locusts, but are botuid to be of 

the transient form (Uvarov, 1966) and not as solitary as the field 

locusts. 



The flight performance of laboratory isolated locusts was 

not found to be significantly different from that of crowded 

laboratory locusts. This contradicts with Michel's (1970) results on 

S. gregaria lhowever,the differences in technique must be emphasized. 

If the differences between the two phases lies in the threshold of 

their reaction to external stimuli, as suggested by Uvarov (1966 ) then 

in the experiments reported here, the locusts were flown in a wind 

tunnel at a constant velocity of 3.1 ms
-1

, the wind stimulus may have 

been above the critical threshold and therefore the reaction of the 

isolated locusts was similar to that of crowded ones. In the 

experiments reported by Michel, no external stimulus was provided. 

Thus, isolated locusts performed in a similar way to crowded ones 

in the appropriate stimulatory environment. This is supported by 

observations of flight of isolated locusts (Schaefer, 1970) and the 

formation of swarms consisting of morphological solitarious locusts. 

Isolation did not affect the preflight total lipid or 

total carbohydrate levels in the haemolymph. In isolated locusts, 

larger amounts of total carbohydrates were depleted from the haemolymph. 

The average increase in the amount of total lipids in the haemolymph. 

following flight was greater in isolated locusts. A similar phenomena 

was reported in allatectomized locusts, where the average increase in 

total lipids is higher than in controls (see Discussion in Section 13.3.4.). 

This similarity may result from two varied effects; 

(1) the increase in haemolymph total lipids in allatectomized 

locusts may result from a higher sensitivity of the fat body 

to the, adipokinetic hormone released during flight. A 

similar suggestion was made by Goldsworthy, Johnson and 

Mordue (1972) in regard to allatectomized locusts. 

(2) the isolated locusts, have a smaller fat body. If we assume 

that the fat content of the flight muscle is also smaller, 

this may cause an increase in the dependence of the flight 

muscles on haemolymph "lipid pools" during flight, which may 

in turn cause an increase in the release of lipids from the 

fat body. If the release from the fat body is greater than 

its utilization by the flight muscles larger amounts of 

r: 7 



lipids will be diatected in the haemolymph. As will be 

seen in the following parts of the discussion, Mali field 

locusts show little change in total lipid levels following 

flight and exhibit small fat bodies. This does not exclude 

the possibility that the fat body of isolated laboratory 

locusts may be more sensitive to the adipokinetic 

hormone, than crowded locustS. 

The life span of isolated locusts was longer than that of 

crowded ones (present work and Pener and Wajo,unpublished results) 

although directly contradictory results have been reported by Uvarov 

(1966). 

Crowded locusts bred in the laboratory from locusts collected 

in jedda, differed in some aspects from locusts of the laboratory stock. 

The rate of development of the yellow colour, characteristic to the 

laboratory stock males was much slower. Indeed, green coloured 

individuals turned up in the breeding cages, although the locusts were 

bred in crowded conditions (Antoniou, personal communications). Large 

individual variation was noticed in the flight performance of males 

taken from the same breeding cage. Similar results were obtained and 

reported in previous sections, for the laboratory stock locusts. 

Preflight and post-flight total carbohydrate levels in the 

haemolymph were similar to those of males of the laboratory stock, if 

flight performance scores were taken into account. 

The most striking difference between Jedda males and the 

general laboratory stock males, was their preflight total lipid levels 

and the dry fat body weight. Preflight lipid levels were 5-10 times 

higher in Jedda males, with large individual variation. Great 

fluctuations were noticed in flown and unflown males following the 

experimental flight period, indicating no significant effect of flight 

on mobilization of total lipids into the haemolymph. This may be due 

to the fact that the "lipid pool" within the haemolymph was sufficiently 

large to supply the flight muscles requirements without mobilizing fat 

body reserves. 

r- )::-', 



The dry fat body weight of Jedda males was generally 

higher than that of the laboratory males and they showed less 

individual variation. 

The corpora allata volumes of Jedda males were not 

significantly different from those of the laboratory stock males. 

Small differences were found between the first and second 

laboratory generation of Jedda males. 

Males and females collected from a field solitary population 

in Mali were tested in the laboratory after being kept in crowded 

conditions. These locusts manifested extreme solitary morphological 

characteristics and -cYtre,Fie sexual demorphosm in their total body 

weight; the males being conspicuously smaller (about 1 gm) than the 

females (about 3 gm). Their colour was varied between green and 

beige in females with slight yellow in males. Since their aoe 

not known and since rearing conditions in the field were more variable 

and greatly different from those in the laboratory, it was difficult to 

compare these locusts to the laboratory locusts of any particular age. 

it was noted that their flight performance was comparable to 

the better records achieved from laboratory locusts. Preflight levels 

of total carbohydrates in males and females were similar to those of 

the laboratory stock. Females showed a higher preflight level and 

mobilized larger amounts following flight although no differences were 

noticed in the flight performance scores. Preflight total lipid levels 

were lower than those observed in the laboratory stock. Flight 

increased the level of total lipids but not significantly so. 

Laboratory locusts show similar trends at a young age or when the fat 

body was small- The fat body weight of Mali locusts was smaller in males than 

that of females and in both considerably smaller than that of the 

laboratory stock, (see discussion in previous paragraphs). 

The first laboratory generation (F1) was raised in crowded 

or isolated conditions. 

Isolated males weigh less than crowded ones, but higher than 

males of the field generation (parent generation, -P). Isolated females 

weight more than the cro-4ded ones and within the range of the field 

generation,. 

cs 9 
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Crowded males and females show higher averages of flight 

performance scores on all occasions tested, than those of isolated 

males and femA es. 	Under both rearing conditions, flight performance 

scores increase with age. Since individual variation was very large, 

only on some occasions were the differences statistically significant. 

Preflight and post-flight total carbohydrates were similar 

in isolated and crowded males, but differ in crowded females from 

those of isolated females. 

Most of the differences noted between crowded and isolated 

females and males in the changes occurring in haemolymph total 

carbohydrates and total lipids after flight, maybe explained by their 

differences in flight performance and the differences in the rate of 

sexual maturation. Isolated Locusta females start to lay eggs before 

crowded females (Norris 1950; Highnam and Haske/i, 1964; Uvaro7, 1966). 

This was confirmed in the experiments reported hT.n7e. In addition 

isolated males start to sho;c sexual behaviour slightly before crowded 

males (Penes, personal communication). 

Isolated locusts have a lower fat body dry weight than 

crowded locusts. Similar results were reported by Chen (1952). 

Since Chen's results showed large individual variation, it was not 

possible to compare them directly with the ones presented were. 

The corpora allata volumes of isolated males were much smaller 

than those of crowded males, while those of isolated females was 

larger than those of crowded females. Highnam and Haskell (1964) 

have shown that flown female crowded locusts have smaller corpora 

allata glands than unflown crowded females. In isolated locusts, 

flight did not have any effect on the corpora allata volumes. In the 

experiments reported here, no effect was noticed of flight on the 

corpora allata volume of isolated or crowded males or in isolated or 

crowded 	The rate of growth of the corpora allata of isolated 

females was slower than that of the crowded females; size differences 

were smaller at the end of the first gonotropic cycle. The 

differences in the C.A.volumes between isolated and crowded locusts 

(males and fe,liales) reported here, may have been related to the 

general large differecs in body weight between isolated and crowded 
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locusts and between miles and femlles. If this was taken into 

account by dividing the C.A. volume by the body weight, it was found 

that the volume of the corpora allata of crowded males (flown or 

unflown) was greater than that of isolated ones (flown or unflown). 

The differences in flight performance scores of isolated 

laboratory locusts and isolated locusts of the parent generation, 

collected in the field, may indicate the effects of intensi,re 

laboratory breeding on the physiology of the locusts. The variation 

in results from those of Michel's (1970) mentioned above, may then be 

partly attributed to laboratory rearing conditions and/or differences 

between behaviour of laboratory stock Locusta to laboratory stock 

Schistocerca. Since field locusts were kept in crowded conditions until 

tested in the laboratory, this may have affected their flight 

performance scores. 

Isolated locusts shoved some of the phenomena characteristics 

found in implanted locuts; smaller corpora allata volumes, smaller 

fat bodies, enhanced sexual maturation and green pigmentation of 

cuticle and hacmolymph. Plight performance of isolated locusts varied 

between the locust stocks.  

Morphometric measurem2nts showed that the F/C ratios of the 

crowded laboratory locusts inclined to be more of a solitarious form 

than those reported. by Dirsh (1951). Crowded male locusts reared from 

a populatin originating in Jedda and crowded locusts (males and females) 

reared from a population originating in Mali, showed F/C ratios 

comparable to the ones reported by Dirsh for solitarious locusts. Field 

locusts brought from Mali showed F/C ratios of solitarious character and 

were similar to those of their descendants raised in the laboratory 

under crowded conditions. Isolated locusts raised in the laboratory 

from field locusts collected in Mali, showed extre;aely solitarious 

F/C ratios, greater than their field solitary parents. It then seems 

that morphometric characters are not always dependent on the rearing 

conditions of the locusts, but may be partly inherited. 



13.6 The effect of starvation 

Starvation affected the total body weight and, wet body 

weight and gut weight (including food content) of locusts; the fed 

locusts showing higher weights. Flight affected to some extent the 

differences between starved and fed locusts. 

The fat body dry weight was smaller in unflown starved 

males, from that , of fed males, but no differences were found between 

fed and starved flown locusts. 

A starvation period of 42 hours has no effect on the flight 

performance scores or the preflight carbohydrate levels, although such 

a period of starvation affected carbohydrate levels in fifth instar 

locusts (Hill and Goldsworthy, 1970). Starvation caused an increase in 

preflight lipid levels in the haemolymph. The changes occurring in the 

haemolymph carbohydrate levels and the lipid levels were differently 

affected by starvation. The amount of total carbohydrates depleted 

from the haemolymph and the percentage change in haemolymph 

carbohydrate levels following the flight period, were higher in 

starved locusts than in fed ones. On the other hand, the changes in 

total lipid levels were not affected by starvation in flown and unflown 

groups. 

In unflown locusts, starved locusts showed little change in 

their total carbohydrates, but relatively a higher change in total 

lipids in the haemolymph, following the "flight" period. 

Starvation causes the accumulation of neurosecretion in the 

neurosocretory system of the brain and the corpora cardiaca. (Highnam, 

Hill and Mordue, 1966; Johnson1 1972;and McCafferey, 1972). These 

effects are interpretated as an inactivation of the neurosecretory 

system. Highnam and Haskell (1964) have shown that flight would 

cause the release of neurosecretory material from the brain. The 

starvation period of 42 hours tested in the present work, may have 

been too short for affecting drastically lipid mobilization, although 

some effects were noticed in the amount of total carbohydrates and 

preflight and post-flight lipid levels. Starvation may be of great 

importance, in the field in inducing locusts to fly from one area 

to another. 
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APPENDIX A 

Biomac 1010 Signal Analyzer Data Laboratories Ltd. Mitcham, 

Surrey, England. 

Details of the Non-sequential Interval Histogram Programme. 

In the non-sequential Interval Histogram each time 

interval between consecutive pulses in a single pulse train is 

measured and represented graphically as a probability density 

function. 

METI100 

The Biomac accesses each of its store locations in turn 

at a rate determined by the SWEEP TIME control, until a pulse is 

detected at the EVENT input. In order to record the pulse the 

content of the current store location is incremented by a count 

of 1 and the sweep automatically restarted to measure the time 

interval to the next: pulse. 

Should an event pulse not occur before the end of the :1:,:eep, 

the machine enters a reset condition until a pulse occurs to restart 

the nrocess. This prevents undesirable 'overlap' effects and allows 

histogrz ms to be obtained of signals arriving in fast bursts 

interspersed with ,)eriods of inactivity. 

PROCEDURE 
--------- 

PROGRAM 	Set Program Selector to Ill and SEQ/NON SEQ 
switch to NON SEQ. and No. of CHANNELS to 1. 

INPUT 	Signal Input to EVENT socket. 

TRIGGER 	Trigger mode automatically goes to internal. 

SWEEP .RATE 	In this program each time interval is measured 

in terms of the advance rate per store location 

(i.e. the interpoint time - Sweep Time/1000). 

The SWEEP TIME control must therefore be set such 

that the expected repetition rate of signal pulses 

lies within the value selected. 
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THRESHOLD 

DELAYS 

By viewing outputs E and PM of the HISTOGRAM 

INPUT section on an external CRT, slope, filter 

and optimum threshold adjustments can be made to 

shape the incoming signal at the EVENT input to 

one suitable for analysis. All these adjustments 

can be made with the Biomac in the reset 

condition. 

Delay After is meaningless and is not operative 

in this program. Delay Before may be used; an 

event occurring during the delay period 

immediately terminates the delay and is recorded 

in the first location of the store. 

PROCESS COUNTER In this program the SWEEP COUNT control 

predetermines the number of counts in ANY store 

location, the program being terminatf•d wnno 

this count is reached. 

START 
	

Ensure the store is clear of any data, then win 

the machine in a reset colvl.ition the pron:..am will 

start when the ANALYSE button is presed. 

MULTI-CHANNEL 	A number of histograms may be serially 

OPERATION 	accumulated in the memory for direct visual 

comparison by accumulating each one in any one 

of two or four channels of respectively 500 

and 250 points. The procedure is similar to 

that outlined above with the exception that 

the NO. OF CHANNELS switch is set to the number 

of channels required and the CHANNEL SELECT control 

defines the channel to be used. Note that the 

SWEEPING remains constant for each setting, 

irrespective of the number of channels in use; 

therefore, the interpoint time becomes either 

a half or a quarter of that in single channel 

mode. 



2 6 / 

A pile d 	B 



AG
E 

G
RO

U
P 

1 
AG

E
 GR

OU
P
 2 

AG
E

: G
RO

UP
 3

  
A G

E  
G

R
O

U
P 4

 
A G

E 
G

RO
UP

 5
  

2 6 8 

Tahle 4: The average relative lift per flight period of allatectomized 
arid sham operated locusts flown at the three wind velocities 

in ten age groups. Five locusts were flown in each treatment 
group at the three wind velocities. 

Group 1 2 3 
Age in days 

A 

14 

S A 

11 12 

Treatment 

1 
2 
3 
4 

5 

0.18 
0 

0.46 
0.03 
0.10 

0.42 
0 
0 
0 
0 

0 
0.11 
0.19 
0.10 
0.10 

0.23 
0.22 
0.17 
0.05 
0.06 

0.23 
0.13 
0.03 
0.08 
0 

0.18 
0.11 
0.23 
0 

0.16 

AQe in days 16 15 15 

Treatment A S A A 

1 0.21 0.45 0.12 0.25 0.25 0,36 
2 0.18 0 0.20 0.12 0.27 0.26 
3 0.49 0 0.31 0.20 0.22 0.03 
4 0.30 0.18 0.35 0 0.04 0.22 
5 0.10 0.40 0.35 0.12 0.50 

Age in days 1? 18 19 

Treatment A S A A 

1 0.56 0.13 0 0.03 0.34 0.15 
2 0.30 0 0.27 0.07 0.25 0.26 

-3 0.41 0,05 0.11 0.22 0.12 0.49 
4 0.11 0 0.35 0.03 0 0.22 
5 0.16 0.16 0.30 o 0.03 0.39 

Age in days 23 22 

Treatment A S A 

1 0.30 0.40 0.05 0.17 0.58 0.36 
2 0.09 0 0.55 0.22 0.46 0.26 
3 0.12 0.20 0.2G 0.57 0.52 0.31 
4 0.02 0.24 0.47 0.08 0.04 0.35 
5 0.10 0.12 0.36 0.01 0 0.32 

Age in days 26 25 27 

Treatment A S A S A 

1 0.44 0.30 0.01 0.12 0.51 0.16 
2 0.41 0 0.16 0.07 0.22 MS 
3 0.03 0.16 0.23 0.33 0.41 0.44 
4 0.25 0.09 0.34 0 0.06 0.31 
5 0.03 0.29 0.15 0.03 0.14 0.45 
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Grou2 1 2 3 
Auo 	in d.I.,,k 3! 30  30 
TroAtmont A S A S A S 

1 0 0.37 0 0.27 0.46 0.09 
2 0.10 0 0.40 0.20 0.411 0.10 
3 0 0.24 0.37 0.19 0.44 0.40 
4 0 0.20 0.47 0 0.05 0.59 
5 0.06 0.14 0.31 0.10 0 0.40 

Ago in dav3 36 35 34 
Tryttmont S . 

1 0.49 0 0 0.18 0.44 0.23 
2 0.29 0 0.40 0.13 0.31 0.25 
3 0 0.55 0.37 0.10 0.10 0.33 
4 0.08 0.32 0.47 0.09 0.07 0.47 
5 0.17 - 0.31 0.09 0 0.53 

Ane in dlo_ 39  35 39 
Treat.,0t A S A S A S 

1 0.37 0.18 0.05 0.07 0.54 0.08 
2 0.30 0.09 0.28 0.17 0.37 0.23 
3 0.03 0.24 0.27 0.30 0.13 0.41 
4 0 0.44 0.46 0.19 0.09 0.64 
5 0.17 - 0.40 0.19 0.0: 0.59 

Ant-. in d,v5 42 42 46 
TrcAtment A S S A S 

0.08 0.46 0.05 0.01 0.51 0.35 
2 0.42 0.01 0.28 0.17 0.52 0.38 
3 0 0217 0.50 0.30 0.35 
4 0.25 0.03 0.46 0.19 0.15 0.62 
5 0 0.40 0.19 0 0.'28 

AQ0 in days 47 49 50  
Ticotmont A S A 

1 0.49 0.29 0 - 0.46 0.27 
2 0.27 0 0.41 0.25 0218 0.40 
3 0.13 0.06 0.34 0.32 0.611 0.40 
4 0.13 0.18 0.40 0 0.07 0.52 
5 0.08 0.12 0.08 0 0.38 

labln 4a: (Contd) 
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Table 4b: 	Awily8i3 of variaoce of ltla ten ago grourt presented 

in 1,11,11, 40. 

Ago ore 	S. 	S. 	d. f 	m. S. 
Suns 5quaro 	Degrees of 	Noon !Ignores 	Patio 	'Probability 

freedom 

Total 

Treatment 

Error 

0.4241 

0.0529 

0.3721 

29 

5 
24 

0.0146 

0.0106 

0.0155 

N.S. 

2 Total 0.5724 al 0.0204 

Treatment 0.0573 5 0.0113 N.S. 

Error 0.5151 23 0.0.224 

3 Total 0.6391 29 0.0238 

Treatment 0.2876 5 0.0575 3.44 0.01 - 0.005 

Error 0f.014 24 0.0167 

6 Total 0.9745 29 0.0336 

Treatment 0.1896 5 0.0379 N.S. 
Error 0.7549 24 0.0327 

Total 0.7747 29 0.0267 

Trealmont 0.1751 5 0.0350 1.40 N.5. 

Error 0.5596  24 0.0250 

6 Total 0.9E78 29 0.0340 

Trealro:nt 0.3117 5 0.0623 2.22 N.S. 

Error 0.6751 24 0.0281• 

7 Total 1.6121 25 0.0556 

Treatment 0.3:7 5 0.!769 N.S. 
Error 0.7274 23 0.0303 

It Total 0.8522 28 0.0294 

Ireatwont 0.1074 5 0.0375 1.35 N.S. 
Error 0.4648 23 0.0277 

9 Total 0.9273 27 0.0320 

Treatment 0.3253 5 0.v551 2.59 N.S. 

Error 0.6020 22 0.0251 

10 Total 0.9777 27 0.0337 

Treatment 0.3137 5 0.0627 2.31 N.S. 
Error o.6640 22 0.0272 
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