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The preflight carbohydrate levels of the flown
groups were not significantly differcont from those

of the unflown locusts (Pables 19 aoncl 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 increcase on day 43,

Preflight total carbohydrate levels in flown
females and levels of total carbohydrates in untlown
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 testi darys
but slightly higher levels were noticed in males on

the last two test days.

Flight resulis in a decrease in total carbohydrate

level in the haemolymph.‘

The amount of total carbohydrate depletoed from
the haiemolymph following flight

The decreases in hacmolymplh 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,.
e o e

Age did not affect significantly the amount of
carbohydrates depleted from the haemolymph during
flight.

The percentage decreasc in total carbohydrates
followiugy flight

If the preflight total carbohydrate level is taken as

C1 and the post-flight level as 02, the percentage

decrease in total carboliydrates would be

Cr = €% x 100
c

1



Fig.11l: ‘The amounts of total carbohydrates depleted from
the hacmolymph {(C —Cq)ﬂ and the increased amowunts
of total lipids (Lq—ﬁ 3, following Tlight of
males in mg/ml. Locusts 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.

(Mean ~ S.LE.M.).
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The amounls ol total carbohyvdrates depleted {row
the hacmolymph (C —-C,_)), and the increanzed amounts
of total lipids(LG-LI), following flighl in females
in mg/ml. Locusts were [lown repeatedly at
different ages (Mean : S.E.M.).

The percent decrease in total carbohiyvdrates and the
percent increase in total lipids in the haemolymph,
following flight of males. Locusts were flown

-

repeatedly at different ages. (Mean ~ S.EWML)
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The average valyes for CP Tor males and females are
\ A8

presented in Figs. 13 and 1k respectively. The valuecs

of Cl-c2 are presented in Tables 19 and 20 for males
C1

and females respectively.

The percentage decrease (CR) in total carbohydrates is
dependent on values of CI. Low values of C1 may result in

a higher value of C_ although values of Cl-C2 may not

R
differ from test to test. Alternately, high values of C1

may result in low values of C although values of Cl—C

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

2

6 day 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 fluctuaticn between 10% to - 12%

(an increase in total carbohydrates).

flacmolymph total lipids

Preflight and post-flight 1lipid levels

Preflight and post-flight lipid levels are presented in

Table 19 for males and in Table 20 for females.

Preflight 1ipid levels in flown locusts and the lipid
levels in unflown locusts did not differ significantly.
IFlight induced an increase in tetal 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

103

aftervards. 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 43 although no

decrease was noticed in flight performance.



Preflight lipid levels increased in females up to day 20
and decreased thereafter. A similar increcase 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.

The increase in haemolymph total lipids
following flight

The increased amounts of haemolymph total lipids following
a 30 minute flight period are presented in I'ig.l) 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 34, where
flight performance scores were also high (compare Fig.11
with Eig;g). A decreaée in amount of lipid mobilizcd was
seen on day 43 altbough 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 post-flight lipid levels werec noticed. (Comparc Fig.12
with Table 20). Preflight total lipid levels fluctuate

after onset of egg laying.

The percentage increase in total lipids
following flight

If the preflight total 1lipid level is taken as Ll’ and the
post-flight level as LZ’ the percentage increase in total

lipid levels is LR

L = 2 1 x 100

R —ea—————
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Average values df L for males and females are presented
!
in Figs. 13 and 14 for males and females respectively,
L.~-L R
Values of 2 1 are presented in Table 19 and Table 201
L
for males ané females respectively.

The percentage increase in lipid levels followed the same
trends as those in total lipids. In females a marked
decrease in LR 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 (Ll).

The maximal percentage increase in flown males was 238%
while at in wn fenales was 5% nflown males an
hile that in flo females 13555 Unfl 1 d

females show fluctuations of 22% to —-10%.

Females first flown on day 34 did not differ in any of the
paramcters measured from females flown repeatedly throughout

their life (compare Table 21 with Table 20),
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CHAPTER 6
THE EFFECT OF ALLATECTOMY ON FLIGHT
PERFORMANCE AND CHANGES IN HAEMOLYMPH
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 eaci: group, were sect upj;

(1) Flown allatectomized

(2) Unflown allatectomized

(3) Flown sham operated controls

(&) Unflown sham operated controls

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

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

Preliminary experiments have shown that repeated 1light
experiments cause a shortier 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 allatecltomized.
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. 1In all experiments the same locusts werc 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.



Table 2234

Yipids in flown and unflown sham operated males of Serics 1,

Weight, celour, flight performance and changes in haemolymph total varbohydsates and total
(Mean : SeE.ML)
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Group Flown Unt'lawn
Age in
days 11 16 24 31 38 4s 11 16 24 31 38 Ls
No, of
locusts 3 5 5 5 5 4 L 5 5 5 5 5
Veight 1472 1.55" 1.57% 1.58% 1442 1.50% 1.55%  1.65% 1,671 1,641 1,55 1.56¢
o. 1 0,05 0.0h 0.57 0.08 0,07 0.07 0.09 0.10 0.11 0.15 0,16
Colour 1.5 2,5% 6.5 1212 12.9% 1hohd 1.5 2.8 10,22 1%.7% 5.2 15.5%
0.h 0.7 0.9 0.7 1.0 0.4 0.9 0.7 .3 0.5
Fliaht porformance
Method (1)10.3% 22,85 18.0% 21.42 18,61 1.8t
1.3 5.5 3.2 5.1 4.0 5.1
Method (2)40.3°  105.8°  63.0° 83,8  1o5.0%  60.8%
7.1 19.3 3.2 13.7 33.2 39,2
Nacmalymph carbohydrates
c, 65432 97.42%  92,73%  72.58% 73.35% 123,501 36.91% 110,02 88.38% 69.71%  9h.86% 105,538
7.65 L,hs 7.55 h.75 7.18 7.66 5. 72 3.42 6.30 5.53 7,62 ho76
c, 29,132 s7.16% 40,59 1 47.36%  37.02%  83.09% 30,745 94,575 86.705 72,841 9mL431 114,60
6.2 7.42 5. 14 4,88 h.S51 11.35 6.07 3.3 5.0} 2,07 .70 .00
c,€,  36.20% 36,420 52,07t 57,000 ho,3pl 3504l 8.64% 15,425 6,991 -3.13%1 2,431 L .31
13.38 6,11 6.40 5.35 5.59 6.73 5.h0 .5t hohe 5.27 h, 19 7,9
leC,, o525 o.392 0,561 0,676 o0.533% .293% L2320 0,137%  0,080% -0.071  0.0931  0.097%1
< 0.138 0.069 0.048 0,063 0.054 0.068 0,111 0,039  0.055 0.08 0.034 0,048
1
llacmolymph Lipids
+ + *
L. B8.40% 6.59>  8.61% 9.38% 8.68% 5.95% 6,285 6.56° 7.1 945l 907 70l
1.27 0.24 0.61 1.48 0.65 0,72 0.73 0,45 0.556 1.21 RAS 1.55
L, 13211 35D 130680 19.24° 20,577 1.26 2 7.96%  7.31 v 10.29°  g.880  B,35%
2,73 1.70 1.78 3.19 6.94 0.35 1,07 0.85% 4.35 1.68 1.38
L-L, 4,812 6.86% s.02t 9,851 13.35% 6.77° .77 1272 0,881 o.81% 1,208
1.57 1.62 3.45 2,77 G.73 3.13 1,67 0.43 0.70 0.91 0,43
Lo B oousset nood 0.683% 11980 1.801%  l.127% 0.408% 0,237% 0.115%  0.090% o0.236%
L 0.142 0.250 0,373 0,380 0,884 0.562 0.318 0,074 0.083  0.113 0,100

Some results were

lost duc tu mechanical faiture.



Table 233 Weight, colour, flight performance and changes §n haemolymph total carbohydrates and total
—— -

Lipids in flown and unflown allatcctomized males of Series 1 (Mcan L S.E.M. I
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FLOWN UNFLOWN
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 S 5
Weight 1415 1,59 Lt nal 1922 1680 1,695 | 1,508 1.60%  1.69f  1.738 1,735 1,660 1.060
0.07  0.09 .06 0,05 0.10 0,08 0.12 .09 0.08 ©0.07 0.08 0.09 0.07 0.09
Colonr 005 04% 072 07% 05 06! 082% Jo68: 122 082 062 04 n2I o5l
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 performance
Method (1) 18.B% 26,4 23 & 19.8% 16,21 25,00 27.3%
3.8 1.7 1.6 3ok 4.2 1.9 1.8
Mothod (2) 63 I 116,41 4.8  76.2%  72.0%  87.4% 121.5%
17.3 13.3  th.3 2.8 24 18.4 1.1
llacnolymph Carbaohvdrates
€, 63.55°% 9h.761 91,078 65.75  69.87% 9h.88> 69.26% so.308 85.128 97,120 65.20% 8K.001 84,66 70.008
13,27 6.37  L.51  £2.93 5,52  B.75 6,40 8.95  3.99  S5.h8  5.78  5.15 1.66  6.15
€2 32,050 43,961 56.50% 32.65% 36,450 hh,mY 23,711 lis.s0%  86.228 92,685 53.53%1 B2.25% 07.851 G4.Bn-
11.35 5.81 .20 5.860 6. 64 6,70 2,65 11,42 6.61 5.48 5,89 7.00 6. 77 L.9%
c.~C, 31,50 & 50,79 L 34,36 2 33,09t 33,33z 5C.07:r 45.57: L 00r  =1.10%  hal3+r 18.70%  GaoSe 3,194 Salbe
l t)
= 5.40  5.8% 436 A.73 0 3,52 5,48 4,60 4,03 5.70  8.12°  2.57°  a2.85 7.82” 3,25
€,-c,/C 0.500% 0.537% 0.378% 0.508% 0.4885 o.527% 0.657% | .13zl -0.0143 0,048 0,198 0,082 i-0,0431
1 5330 o.0h6 0.0h8 0.075 0,061 0.078 0.028 | 0,086 0,667 0,08k 0.04hk  0.034 0,095
Poemolymph 1ip |_ll:\ -
e L L.to~ 6,220 5,782 9.811  o9.59% g kol 11.51% h80l 5,185 5,480 12,98 9,11 jo.528 B s
0,86 0,70 0. 9% 1.21 1.78 1.13 2.07 0.98 0.35 0.38 0.51 0.58 1.01 Li4s
L, 1o 591 24,00 20,08 25.40% 26,061 28,571 19.25% ] 6.73%  €.63%  s5.48% 13.328 12,010 11,30l 1o.oat
. 1.86 5.26 5.56 4,69 4,64 3.68 1.61 1.08 0.91 0.03 1.05 1.28 Q.65 3.79
Lyl s.718 17,0780 1h.30l 15,58 16,750 10.172 7.7l o.73t 145l o030t ouk2i 29,04f  Lopt  2.8nc
< 1.37 4.8  5.46  5.0@  3.35  2.90  1.13 0.33%  0.92  0.17 0.58 1.60 0.0  0.58
Ly-L /L 1.230% 2.836% 2,631  1.Bosi 1.870% 2.071% 0.769% | 0.135% 0.293%1 0.0811 0.026% o0.35201 0.119% o0.3727
0.270 0,664 1.09 0.640  0.36F 0.326 0,185 0,058  0.177  0.043 0.0 0.182 0.047 0.1l




Tnble 24: Weight, colour,

and total lipids

2

in flown and unflown sham oporated males of Serics
XA =

2,

flight performance and changes in haemolymph total carbohydrates

(Mean = S.E.M,

Group Flown Untlown
Age in
days 38 48 55 62 70 38 hg 55 62 76
No. of
locusts 5 5 4 4 3 S S 5 5 4
weight 1.82 1.68~ 1.67% 1,755 1778 1.shs 1,612 1,508 1,473 1.35%
in_ans 0.13 0.12 0.17 0.17 0.17 0,06 0.07 0,07 0.10  0.08
Colour  15.5% 16,6 15.82 16.0 16.0 14.9% 1455 1475 1s5.0% 13.42
0.2 0.4 0.3 0.6 0.6 0.6 0.6 0.6
Flight performanco
Mcthod (1)18.4~ 22l 25.3% 23.3% 23.3%
3.0 L.3 .3 2.96 5.2
Hothod (2)97.25 1102 95.0°% 96.3=  108,7%
20.1 272.6 27.2 21,7 35.8
tlacmolymph Carbolydrates
4 50.518  75.25%  71.98%  73.931  107.00% ¢z, 202 86.60% 75.79% 72,49 78.33%
5.5h 3.42 6.13 7.0% 10. 90 1.69 6.61 5,8t 15,31 2.PBC
<, 45,938 39,155 62,048 41,20l 76,735 62,54 82.80% 75.79% 67,725 75.00-
3.63 4.17 14,69 A 17.08 3.39 5,28 7.19 11,35 [}
€,-C, z4,32>  36.10% 9.94% 2,235 30.38% 0.34> 3,802 ol 9,095  5.83%
5.28 1.71 8.69 2.55 6.08 2.39 446 3.51 7.09 (o]
€ -c, /e, 64235 0,485 0,163 0.4hWhl 6.300° 0.005% 0.036% 0,002 0,086% 0.073%
g 0.038 0,035 0.13" 0.010 0. 080 0.04L 0.05%  0.047 0.0 _ 0.010
Haemolymph linids
L 10418 1122t 7.352 6,712 4,568 16.91% 6.97%  6.15% 5.8 50328
1.74 2,04 2,09 0,83 0.67 2.239 .28 .43 0.68 0.63
. 19.95%  25:.69%  19.4zf 18,341 18.40% 15.50% 7.58% 6,521 4,42l 50637
2 1.88 2,34 4,48 .75 5.33 2,05 1.01 0.43 0.96 0.63
L1, 9.55% 14,405 12,671 11.64% 13.84" -0.96% 0.602 0,521 1,071 0,30k
1.97 .20 2.88 1.18 [ 0.27 0,97 __0.75 0,53 0,32
L1, 1.0t 1513t 1,780% 1,775 0.7265  -0.050° 003/t o.0h2t  0,285% 0,071%
= 0.354 0.328 0.410 0.215 0.368 0.010 0.136  0.080  0.085 0.071
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Table 25: Weight, colour, flight performance and changes in laemolymph total carbotiydrates
and totnl lipids In flewn and unflown allatectomized males of Serica 2. (Mean 2 S.E.ML)
Age in Flown Unflown
days 38 48 56 63 71 79 pid L8 56 63 71 79
No. of N
locusts 5 5 5 5 5 A 5 5 S 5 5 5
Veight 1.67% 1.65= 1.68° 1.652 1.60 * 1,642 L 1,680 165t 1,64t 1,61 % 1,56
0.10 0.08 0.08 0.09 0.07 0.08 0.09 0.10 0,09 0.07 0.07 0,00
Colour o o.2% 0.12 _— - 0.5t 0,62 0 0.2% - -
0,12 0.10 0.19 0.12
Flight performance
Hethod (1)18.62 23.62 20.2% 23,28 25.6% 23.5%
h. 60 2.54 6.02 ] 1.81 6.50
Method (2) - 1322 106,85 103% 1242 128.5%
12.89 34.80 33.70 15.04 3G, 64
liaemolymph carbohydrates
<, 65.22L 83,025 79.79%  B4.505  B3.55° 103,302 65.09% 63.82%1 75,420 85,755 79,622 95,772
3.88 2.66 3.04 ha25 8.53 2,66 6.79 2.56 3.78 13,98 2,09, b6
<, sg.122 39,258 45,822 57.56% 66.52% 0. 89 63045 62,361 76.611  £0.862 95,77 -
10.14 6.53 7.84 4648 9,94 5.96 _lo.00 1.82 boby 3.58 3.8
€,-¢, 26,575 A3.77° 2.46% 20,531 17.03% ho.4t 0.117 - 1,458 1153 1,642 -1, 135 7,692
10.61 8.77 7,40 4,25 16.19 8.0 6.32 o 0 o o 3.% -
€,-€,/C, 0.407%  0.518%  o.410% 2312 o.128% 0. 406~ o.015¢ o.cal  o.015f 0,029 o017 0.0770
0. 145 0,070 0.093 0.056 .230 0,070 0,104 0.02 0,017 0,052 0,017 Q.0%5
Haemolymph lipids
L, 10,762 10.470 1160t 1z.30t 14,35 11.85% 17.35% 17.31% 9.78% 11.93% 12.00° 11,642
1.56 1,04 1.65 1.7h 3.16 0.87 3,27 1.49 0.68 1.23 1.05 1.76
L 19.455  3.781  21.45% 28,001 20.65% 5.85% 19,425 18,392 lceri 13.271 14,09 12.30°
2 1.66 1.86 2.67 4,64 3.87 6. 1h 6.74 2,03 4,80 1.09 1,09 0.55
Ly-Ly 8.712 13311 9.80% 15.692 6.20% 14.C0% 6,265 1,082 1,595 L6671 2,091 0. 30t
1.85 1.82 2.52 5.86 1.25 .72 1.7 3.39 3.01 1.3 1.3% a1 X
Ll 0.9082 1.393%  0.9611  0.811%  o.5042 1.2822 0.192% o0.103% o0.134c o0.164%  o.o35T 0.676%
i 0.216 0.274 0.276 0.614 0,146 0.630 0.096 0,170 0.051 0,172 0. 104 C.183
1

* Not recorded
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6.2.1 VWeight

The changes in weight throughout the experiments arc shown

in Tables 22, 23, 2k 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 scmatic

growth.

6.2.2 Colouwr scores

The colour score of males was rccorded as described in
Section 2.9. Results are presented for males of Series 1 in

Tables 22 and 23 and histograms of Fig.l15. Similar results for males

of Series 2 are shown in Tables 24 and 25 and histograms of Fig.l6.

Sham operaied Males of Series 1 gradually develop yellow
colouration. Those of Series 2 were yellow coloured upon the
commenceunent 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.1l5 for males of Series 1 and in Tables 24 and 25 and Fig.16

for males of Series 2.

There were no significant differcnces between flight
performance of allatectomized and sham operated males in ecither 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



Fig,15: The flight performance scores and colour scores
of allatectomized and sham operated males

(Series 1), flown repealedly al different ages.
"'\1::‘_:_7_:6 JEoMOD

(Mecan - DN

Flight scores (Method (2)):

G-———= Sham operated malas

O--«-0 Allatectomized nales

Colour scores:
0 Sham operated males

B Allateclomized males
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rig.16:

The flight performance scorces and colour scores
of allatectomized and sham eperated males (Sceri

N . =
flown repeatedly at different ages. (Mecan - S.t

Flight scores (Method(2)):

G—4% Sham operated males

OO Allatectomized males
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(] Sham operated malas
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5] Allatectomized anles
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Fluctuations in total carbohydrates preflight levels

were noticed in males of §2£j£§_l on dif{ferent experimzntal
days. These fluctuations may be attributed to differences
in food quality from one experimental day to the other and
the effect of changes in constant room temperature and
photoperiod due to mechanical failure that occurred in the

course of the experiment.

The preflight total carbohydrate levels in {lown 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.

The amount of total carbohydrates depleted from
the haemolymph following flight

Results are presented in Tables 22 and 23 and in Eiﬂ.lz

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

for Series 2.

There were no significant differences in amount utilized Ly
sham operated males compared with allatectomized insccts.
Age did not seem to affect the amount of total carbohydrates

utilized.

Unflown males generally show small changes in amount of teotal
haemolymph carbohydrates during the experimental period.

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.
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Fig.17: The amounts of total carbohydrailcs depleted from
AN S . .
the hacmolywph (€ ~C_J, and the incrcased amounts
of total lipids (flg—ﬁl), following flight of
allatectomized and shim operated males (_Seric_s. 1)
in mg/ml, locusts werce flown repeatedly at

different ages. (Mean ~ S.E.M.).

0 Sham opeitated males

65} Allateclonized males

Fig.19: The percent decrease in total carbohydrates and the

- percent dnercease in total lipids in the hoomolymph,
following flight of allatectemivced and shoam opevated
males 1), Locusts were flown ropeatedly ot

different ages.  (Mean = S.8.H. ).

0 Sham operated males

] Allatectomized males
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1“j_g;i_l_8__: The amounts of totel carbohydrates depleted from the
haemolymph (C —Cq), and the increased amounts of total
lipids (L =L, 7, Tollowing flight of allatectomized and
sham operated males (Scries 2) in mg/ml. Locusts were
flown repeatedly at different ages. (Mean - S .M. ).

[0 Sham operated males

M Allatectonized wmales
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Figq.20: The percent decrease in total carbehydrales and
the percent increase in total

lipids in the
haemolymph,

following Tlight of allatectomized
and sham operated males (Scries %). kocusts were flown
reneatedly ot different ages. (Mean ~ S.E.M ).

w] Sham operated males
i3 Allatectomized males
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6.2.5 Haemolymph total lipids

a. Preflight and post-flight total lipid levels

The results for males of Series 1 are presented in

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

In allatectomized flown males of Series 1 and Series 2,

preflight lipid levels tended to increase with age. Sham
operated males of Serios 2 showed a gradual decline in their
preflight lipid levels in both filown 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 miles.

b. The increase in haemolymph total lipids
following flight

Results are presented in Tables 22 and 23 and in Fig. 17 for
i T

males of Series 1 . Similar results are presented in

e

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

amount of lipid mobilized by allatectomizod 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 developmenl 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, differcnces 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 1. 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



different from cach other}. Some decline was noticed
in subsequent experiments. The percentage change in sham
operated males Scries 1 increased gradually and followed

their flight performance (compare with Fig.15).

The gradual decline noticed in average values of
allatectomized males in Series 2, may be atiributed to the
gradual increasc in their preflight lipid levels, since
actual amounts mobilized 56 and 63 did not differ from
those on day 48 (compare Fig. 20 with Eig;iﬁ), Low values
on day 71 cannot bec 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 shuam operated

tested on day 1li.



CHAPTER 7

THiE EFFECTS OF IMPLANTED CORPORA
ALLATA UPON FLIGHT

7.1 Experimental 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 locusils received muscle tissue removed
from the corpera 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) TFlown implanted locusts
(2) Unflown implanted locusts
(3) TFlown sham operated locusts

(&) Unflown sham operated locusts

Each group conzisted of 5 locusts and males of qroups (1) and
(2);(3) ana (1) were caged together in perspex cages; thus the density
was 10 locusis per cage. Sexes were kept separate. TFlown and unflown

females were separated and Kept at a deasity of 5 females per cage.

Two secries of experiments were carried out with cach sex.
In the first scries locusis werc flown on three occasions and killed on
day 27 (females) or day 28 (malesl In the second scries, 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 followiig paramecters: (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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72 Resulis

Experimental results based on data collected from five
locusts in each group are presented separately for males and fomales

as follows.

7¢2.1 FPFlight of males

Results of experiments carried out in Series 1 are

presented in Table 26 (a and b) and those of Serics 2 in Tablic 2

{a and b),

Flight experiments in Series 1 commenced S days after moult

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

7¢2.1.1 VWeight
Implanted males of Scries 1 slioved a significant increase in
weight between days 5 and 10 with almost no change wntil termination
of experiment on day 28. Implanted males of Series 2, showved iittle chonge
in weight during the experiment. These males have recached on day 9 a
similar weight to implanted males of Series 1 on day 10. There were no

significant differences betwecen flown and unflouwn implanted malcs.

Sham opecrated 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 opcrated males showed an incrcase in weight between day 9
and 17, although this was not statistically significant. Flown males
of Series 1 recached 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 platecau of

constant weight at a slightly later age than implantced males.,

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

(a and b).



Tahle

127

Weight, colour, flight porformance and changes in haerolymph total

carbohydrates and total lipids of implunted and sham opcrated flown

. AR
sales of Scories 1, (Mean = S.EM.)

Age 5 days 10-12 davs 17 days 23 davs
Treatmoent 1 S 1 5 1 S 1 5
Weight in L2 272 L6kl p62l 0 166 62l 159l g,6ut
qms .03 0,01 0,07 0,02 0.04 0,02 0.09 0,03
Colour 1.9 0.7% 4,12 1.8l 2,7t 8.1f 13,090 el
0.1 .2 0.5 0.2 1.2 0.8 [ 0.5
Fliqht porformance
Hethod (1) 16.2° 8.4t  15.05 16.8% 20.6% 23,61
4ot 2,5 3.6 hoh 5.6 3.4
ethod (2) 74,65 29,28 63,22 ¢7.2% 1052 94,6
3 7.3 12, 14,0 32,9 10.6
Harmolymph carbuhydrates
c, Gh.72t B3.120 jo6.0b 105.90 128,91 101,42
7.3 8.08 e 0.24 6.30 50
c, 36,942 43.755  05.720 50,87 82.071 AhL3t
4,47 2,40 7.70 5.93_ 16,32 6.62
€,-¢, 27.77¢  29.371  ho.osh A7.06% 46.85% s57.1%
haBO 6,56 7.10 __6.53 _11.13 6.5
€., o et 0.4630  0.38i4 o.hh2l 0,378 0.56A1
———— 0.033 0,033 0,069 0,058 0.091  0.060
]
L{_.lﬂnlvvn[:!l lipids
L, 6712 6.06° 6.1t €620 70501 6.4GT
1.00 0,37 0.38 065 1,19 0.77
L, MaAsD o 827t 1m0l 13080 1A61D 16,980
= 2,07 1,02 1,24 1.56 t
Lyt 7,735 2.9 B.46X 6,561
0.89 0.87 1.3 1.9
L,k 1o23l 0 0.3610 1.2890 L.116T 68955 2,134
l‘: 0.2} 0.135 0.274 0,385 0,404 0.53




Table 26b: Wefght, colowr and changes in hacrolymph total carbohydeates and

total Lipids in. dmplanted and shan operated wnflown uales of

Series 1.

(tiean L S.£.4.)

Age 5 days 10-12 diays 17-27 davs 28 davy
Treatnent 1 5 1 S I 8 1 S
weight in  1.262 L298 1.63% 1,64 3.00f 1,780 1,631 1.88%
qms Q.0 0.0% 0.04% 9,0 0,02 Q.00 0.0h 0.08
Colour 2,00 0,02 3.70 1,65 1Al 9.8 3.5t f3.62
[ 0.2 0, 7h 0.19 1,01 1,17 1.4 2h
Uacaolymph_carbohyldrates
c, 70,272 55,432 101,31 91,872 103,15 A2.4l
5.11 2.78 4.87 3.68 0.4 6.25
c 70,275 52,75 99,055 95.621 105.87  73.771
2 5.00 5,06 736 3.68 7.5 6.5
¢ -, ot 2,681 2.208 4,932 o.62t 2,51l
3.16 3,00 2.61 1. 40 4.21 1.53
¢,-C, 0.031  0.073% o0.0251 0,014 0.0181 0.045%
3 — 0,04 C.0h4 0.027 0.012 0.0h2  ©.011
1
Haemolymph lipid..'i
L, 6.911  B.92  5.76L  6.36%  7.14 8.87t
0.20 1.17 0.22 0,27 1.8% 2,23
+ - + + + -
l.z 7o 35~ 8.00- 6,93~  6.17-  6.75-  8.00%
0,50 0. 84 51 0. 50 1,46 2419
Lok, 0.63%  0.928  1.87L -0.181 o0.48% -0.061
1,10 0.h2 0.61 0.39 0.49 0.05
L,k 0.0785  0.085%  0,2001 -0.0332  0.0655 -0,004%
- 0,112 0.047 0,055 0.062  0.052  0.050




Tablo 27a:

lipids in dmplonted pud sthiawr operated flowi miles of Serics

Welght, coleur flight performamce and changes in hacmolywph tutal carbohydrates and total

hd 3 -
2. (Mean = b.b..".l.}

9 days 16-17 days 24-25 days 31-32 days 38.39 days
4 s 1 s 1 s 1 S I s
Weiqht
in gms 1.6 .68 1.91% 1.928 1,962 1,932 1.087  1.82% 1,945 1.872
0.0% 0. 06 0.06 0.07 0.07 0.07 0,081 .10 0.67 0.091
Colour 2,38 0,600 7.1% 1.72 1l 5.7% 13.65  11.0% 1,62 2,9~
©. 20 0,20 2.35 0,10 1.60 0,68 1.00 1.06 0.75
’Iﬂ_i_ght performance
totnod (1) 10,8 18.22 5,28 24.8% 1h.ol 16.22 13.25 18,42 T 16%
3.1 2.7 5.3 3.3 5.8 5.1 5.3 3,85 5.7 5.3
Mothod (2) 26,8  67.8% 39,62 97.6% 66,41 72.0% 60t  59.3=  6h.0T  62.3%
14.1 10.2 23.1 17.6 29.7 31.1 25.2 8.82 4.6 35.8
Hlacmolynph carbobhydrates
c, s3.09% 52,671 61371 86,675 G220 77.71% 2,065 60,05  7h.51i 65,17
" l.77 1.83 3.4h0 5.56 6.30 5.35 6.67 8.16 8.08 Y
c, 37.735  27.79% 42,358 30.0ht 40.57° 42,102 30,155 3h.10b 48,635 39,662
3.5 h B4 2,80 .78 4,94 2,60 6.57 5.04 10.37 6.72
€€, 15.365 24,028 19,021 AL.691 2L 68" 35.62% 22,895 25.90% 25.88%  u5.52°%
= L.65 L35 6,24 6.06 4,00 6.29 5,52 3.96 610 6.02
€€,  0.2mt o7zt o.zmt 05051 0.551%  odust  0.367h D.L37L 0.373% 03960
et 0,081  0.080 0.091 0.061 0.052 0. 065 0,076 0.042  0.089  0.031
1 .
Hacmolymph lipids
Ly 6,161 4,60t 9.03% A 7.98% 6.94 5.90% 11.46% 6.520  5.563
0.66 0.6 0.61 1,01 1.13 .27 0.99  4.18 0.62 0.7h
L, 1. 872 ¢.05% 13,507 19.532 15.43% 14.95% 13.235 22.79% 15,680 18.47t
2.5 0,86 2.99 3.62 3,05 .33 2,11 1. 84 3057 G.il
L= Ly L,1% 145t 5,761 1l.09° B.14% 8.012 7.328 11.35% - 8,57 .23t
.20 0.66 2.80 3.02 2,62 2.42 2,24 3.17 3,71 2,75
L-1, 0.729% 0.306%  0.6812  1.302%  1.030" 1.166% L4555 1,670 1h.795 1.359%
" 0,324 0,122 0.329 0.34h2 04305 0.371 0.52%  0.52 0,772 0.303

-
s



Tahle 27b: Weight, colour ard changes in haemolymph total carbohydrates and total .

1ipids iu fmplanted and sham operated unfloun males of Seriey 2, {Mean b S5.E M)

9 days 16 cays 24 days 5132 days 38 daya
1 s 1 s 1 5 1 s I S
Veight 1,732 1,665 1.80% 1,995 1.86% 2,012  1.75%  L99% 1,761 1.91f
0.085 0.09 _ 0.12 0,09 0.1i 0,1 0.11 0.00 0,12 Q.15
Colour 2,02 .55 s5.88 2,02 10,25 8,65 1.l 13,50 15t 15.8%
0.19 0.1 0.60 0 0.90 1.60 1.24 0.71 1,00 0.41
Haemolymph e bohivdrates
<, 56.28% 51,745 65.69%  Gh.37E 63.08% 67,620 61.00% 61.390 74,515 72.412
1,77 1.83 2.76 2,7 6,02 2.67 3.70 3.37 5.18 4.5%
<, ©3.00%  S1.01% 51,763  62,40%  69.14% 65.16% €o.7hc 65.741 75.601  7.07°
1.77 0 1.906 2.38 6.59 4,65 3.20 3.43 5.53 0,17
€ =, 3.198 0.33% a0t 3.5hE 0.63% 7 A31 ou7al 4a36: 10961 0.17°
0.10 0.0 5.00 2,07 0.14  5.26 2,6} 3.37 _2.39 0,18
€,¢, 0.056%  0.008% 0.206% 0.053%  0.097% 0.025% 0.005% 0.076% -C.0165 0.00L%
== 0.010 0.039  0.067 0,030 0,026 0.053 0.050 0,060 0,033 0.082
1 . ) A

Haemolymph 1ipida

L 6.93% s.3nt  B.2nt E.48% 6315 7.8k 6.5t 9,05 D su4pl GlnAl
1.15 0.4s 0.48 0,82 0.58 0,94 0.70 T b2 0.58
b, 6.50% 6.29%  7.46% 8.3 6,871 8.23% 6G.oal 10201 6,330 7ast
0.7h 1,04 0.43 1.09 4.00 1.0% 0 14,56 0. 77 1.55
4
L,-L, ~-0.31% LAzt 0.95%  0.36%  0.84% 0.p0%  0.561  0.B5 % 0.80%  0.98%
0.79 0.60 0,43 0,42 0.010 0,26 0.003 1,50 0,40 =
1L, -0.020°  0.170% 0.070%  0.0%9%  0.6921 0.105% 0.0z4l 0.1061 C.156: O.17ES
L 0.080 0.155 0.00C  0.049 0,057 0.036 0.030 0.187 0.075 .14

1

'
Pl
"



7e2.1.2 Colour Scores

Colour of males was recorded according to the method

described in Section 2.9 . Results are presented in Tablc 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 carlier
age than sham operated males. The rate of development of the yellow
colour was enhanced in males of Series 1 and may be atiribuled to

different external factors as temperaturc and quality of food.

There were no significant differences between flown and

unflown males with respect to colour scores.

7.2.1.3 Flight perfermance

Flight perfermance was recorded by tiwo mcthods as deseribed
g 3
previously in Scction 2.3 . Results are prescnted in Table 25 and

27 and in Figs. 21 and 22 (or the two series.,

Flight perforinance of implanted mz2lcs on day 5 (§pries 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 differcnces in performance of implanted and sham operated males.

7.2.1.4 Haemolymph total carbohvdrates

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

Preflight and post-flight total carbschydrates level
were similar in implanted and sham operated males of

Scries 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 ] implanted males showed a greater increase than
marked in the flown sham operated manles. Unflown sham

operated males did not show great variations with age.



Fig.2l: Thc [light performance and colour sceores of

implanted and sham operated males (Series 1),

flown repeatedly at different ages. (Mean = S.EGM. ).

QO Sham operated males

Implanted males

Colour scori

&3] Sham oporated males

@) Implanted males
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The Tlight perfermance and colowr scores of
implanted and sham operated mides {(Sories 2

e

R
-

flown repeatedly ot dilferent nges. (Mean = S.5.M0 ).

Flight scores (Method (2)):

Q-0 Sham operated males

C— Implanted males

Colour scores:

[ Sham operated inales

] Jmplanted o
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b)

c)

Amount of total carbohydrates depleted from
the haecmolymph follewing flight

Implanted and sham operated males {Series 1) utilized
similar amounts of carbohydrates from haemolymph during

flight (Fig.23). 1In Scries 2 (Fig.2%) sham operated

males showed a higher utilization on day 17. On other
experimental days, there were no significant diiferences
between implanted and sham operated males. Amounts of
carbohydrates utilized by implanted males in Scries 1 was

greater than those of Series 2.

Changes in unflown males, during the oxperimental period
were relatively swmall except on one occasion (implanted

males on day 16 in Series 2).

Percentage decrease in total carbohydrates

following flight

The porcentage decrease in total carbohydrate in implanted
males was similar to that of sham operaled ones in Sevies 1
(Fig.25) except day 17. On day 17, sham operated males

utilized relatively more carbohydrates than implanied males

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

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

Changes in unflown groups are relatively small (Table 26 and

27).

7+¢2+1.5 "Hacmolymph 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 - 00025)0



Fig.25: ‘The amounts of total carbkohydrates depleted from
the huecimolymph (Cl-';‘,,)), and the incroansed amounts
of total lipids (L,-I)), follawing flight of

implanled and sham” opgirated moles (Sericws 1), in

mg/ml. Locusts were {lown repecatedly at different
ages. (Mean =~ S.EMG ).

0 Sham operated males

B Iimplanted males

cont decrease in tolal covbolndrates and thoe
perceat increase iu tetal lipids in the hoaemolymph,
following flight of implantced and sham operated
males (igg'jes 1). locusts were flown repeatedly at
different agoes. (Hean = S.8.M.).

(W] Sham operated males

£3 Implanted males
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The amounts of total carbohydrates depleted from

the haemolymph {C nC,)), and the incrensed ameuants of
total lipids (L, -L. )} following flight of implantcd
; a1y - - I ? (e i 93 LS It ey
and sham operatcd miles {(Seriecs 2)in my/ml. Locusts

. s LT
were flown repeatoedly at different ages. (Mean - S.I.M. ).

n males
(3 Tmplanted males
hol ol e G 4 o “ 3 Y 3 N AP
Fig.U20: The porcent decrease in ftotal corbobydientes and tho

percent incroage I toial lipads in the haemolympin,
following flight of implanted and sham operated
nales (S(ar:ie_:iﬁg). Locusts werce flown repeatedly at
different ages. {(Mean - S.E.H. ).

9] Shawm operated males

B Inplanted males
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b)

c)

Implanted and sham operated wmales of Scries 2 showed
similar preflight and post-flight lipid levels, excopt

on day 32 where sham operated males showed a significantly
higher post-flight lipid level (p = 0.05 ~ 0.025).

The increase in hacmolymph total lipids following
flight

Experimental results are presented in Tables 26 and 27 and

in Fig: 23 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 (Egries L)
in implanted males. Sham operated males showed a gradual
increase in amount mobilized into haemolymph, with age,
although there was no significant diffeirence betweoen
implanted and sham operated males. There was little

differcence between implanted and sham coperated males of

Series 2, although sham opearated males showed a significant

increase betwecn day 9 and 17 (p = 0.05 - 0,025) and no

such increase was noticed in implanted males.

The Percentage increasc 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 Scries 2.

In Series 1, implanted males showed a significantly higher
change (p = G.01 - 0.005) than sham opcrated 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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7e2:2 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 fewales showed an enhanced increase in weight
with age which may be correlated with cocyte development. Implanted
females of Series 1 started to lay eggs on day 13, while sham
operated locusts on day 21. Tn Series 2, implanted females started
to lay egygs on day 15 and sham operated locusts on day 24,
Fluctuations in weight after ouset of egg laying may be correlatcd

with cycles of cvocyte development.

7¢2:2.2 Flight performance

Experimental results are presented in Tables 28 and 29

and in Fiqgs 27 and 28 for Series 1 and Scries 2,respectively.

Implantation did not affect flight performance of females of Serins 1.
in Series 2, sham operated females showed a significantly highevr flight
performance on day 22 (method (1) p = 0.01 « 0.005 and method (2)

p = 0.05 ~ 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 carbohvdrates

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

Resulis 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).



Table 28:
end tolal tipida in flown and wifloun implunted and shau ope
S.EM,)

fomales, (Serjen 1), (Mean &

ratsd

Weight, flight peeformance and changes in haewolymph tota) carbohydrates

Flown Unflowmn
G-=7 days 13«15 days 22 days Gn7 duys 13-15 days 22 daya
) S Y S 1 s 1 S 1 3 1 S
Weiglt 1,670 1,617 2h0f 2,370 2.59f 2.5k 1,628 1.4z ks 1 2ot 20550 o4l
0.06 0.0 0,06 .10 0.09 0.13 0.07 0.0 0,12 G,07 0.17 0,08
_lLl_i_u_lxt performance
Hothod (13,80 20,20 24,28 19,00 29,601 26,2t
5.8 5.4 2,75 3.9 0.4 3.6
Hethod (55,61  73.8% 104,41 76,61 123,48 117,42
27.4 22, 15.2  19.6 10,2 20,4
Ilaemol)ymph carbohydrales
}
c, 22,850 72.28%111.71% Bh.062 10%.00 102,411 67.02D 123,712 ou18% 92,811 306,97 1t6.90
2.4h0 3.37 _15.40 5,21 h.os 6.61 4,60 0.63 14,68 7.25 10. 4% 0.31
c, 54,175 34,175 61,001 48.251 33.87% 38,580 62,857 124,35 02,375 91,567 169.27% 105.242
“ k.00 4.9% 15.13 5.12 10,22 3.10 3,36 0,47 10,12 3.81 .01 bWy
€, ¢, 2,680 38.11¢ sen6al 35,810 700161 63.70% 417D 0.ko% ~0.0230 105D 1.61%
- 4.3 3,71 11.7 7.90 11,05 5,68~ 5.77 0.5%  1.00 ) 3,63 )
¢,~C, 0.2935 0.531% 0,462 0,315 0.671% 0,627 0,001 0.0231-0,046 0,001 ~0.n3hT
- 0.053 0.030 0,102 0,058 ©.i165 0,028 0,082 0,048 C.106  0.053 0.0%%  ©0.045
i
Haenolymph lipids
L 5.315 4,560 9,050 h.ont jo.7ni 1o.10d 5t 20762 gu79l 3lsol 7. 10%
0.6 .26 0 45 0.66 .71 0.9t 0.0l 007 z.ol 0.47 [
L, 0.13%  B.511 120568 10,095 16,435 14.53% 5,330 2,878 .ol 6,000 G.908
0.70 1.h0 2,00 1.19 2,17 2.39 .49 1.68  %,55 €.63 1,33 .
L,-Ly 5,820 3,95t 440t .85t s.pol w3l a.ad o o.lol ozl w21l o c.z42
0.80 1,30 1.56  1.34%  2.60 .21 246 0.20  0.60 0.9% 0 1,21
+
Lyt 0.79% 0.855% 0.514% 1,570 0.5851 0.4ho> 0.060% 0.054% o.11l o.8108 0,258 o.023%
" 0,222 L2090 0.193 0,440 0,266 0,19%  0.050  0.090 "0.070 0,519  £.030  ©.119




—

Table 2041 Weight, flight performance and changes in haenolywph total carbohydrates

and total lipids in flown and {mplanted and sham opovated females of

Seriea 2.

Mean & S.EM.).

8 days 15 days 22-23 days 29-30 days 3G-37 days
1 s 1 s 1 3 1 s 1 5
Weight 1.762 1,935 2,628 2,02t o7t 2,76t n60f 2,57 2.77t 2.64d
0.10 .00 0.15 0.0C 0.19 0.04 0,15 0.09 0.16 Q.12
Flight performance
Method (1) 16.62 17.0 1 29,62 27,6 16,0~ 30.0 L ap.4% 25,80 24,61 26,82
X 3.6 ll._3 0.4 0.7 6.8 0 1.67 4.0 3.k 3.0
Method (2) 662 €8.81 125.6% 119,61 78.85L 163.81 1h.85 1361 131.6%1 14n.ad
th 4 16,2 14,7 6.2 35.2 7.2 1%.6G 25.5 20,9 16.6
Haenalymph Carbohvdrates
< 45,32 53,028 53,828 sh.73%  71.57% 69.11% 64861 69,44 % 72.35 1 69.9%°
2.51 2.33 4.31 3.15 3-73 5.23 6,09 3. 70 7425 0,44
c, 36,011 20,405 41.82  20.87%  47.531 27.mt ai.12f 200720 44.87% 30.295
3.35 2,81 0.85 0 4.61 0 4,80 Tl .33 3.36
c,C, 12,335 200830 12,000 33.050  24.0%% 41,785 23.741 40.731 27,487 39.632
2.56 2,48 1.0 2.41 0.53 6.14 4,70 8.10 5.04 0.72
c,=C, 0.251%  0.468%1 0.202%  0.6171 0,330 0.5921 0.362% 0.588% 0.3041 0.560%
3 0.014 0,006 0,167 0.0z2 0.067 0.047  0.C64  0.108 0,840  0.0h2
1
Haemolviaph Lipids
L 8.19% 5.0h%  0.04%  6.57%  5.76d  9.081  9.151  6.9nl  8.0cl C.06l
0.92 0.38 0.9 0.38 0.54 0.93  0.87  _0.75 0,08 0.4%
L, 7.84% 8.37% 12.60% 13,991 17.00% 30,080 15.59% 16.06% 13,785 10,03t
- 0.63 0. 14 Y 47 3,15 3.01 0.756 1.81 2,17 1,10 J.0h
L-L . 0.35% 3475 30563 1418 7,385 21,167 6,495 9,061 s.o9l gn2.97l
1 0.87 1.37 133 3.0z 2.77  0.76 1.56  3.08  0.94% .25
Lyl - 0,010 0.463% o.a1ki 1,775 00744 20518 0.737% L34S 0.6131 2.175°
0.094 0.239  0.172  0.468 ,288  0.35  0.170  0.41 0.137  0.527

4.4



Table 29b: Weight and changes in hacmolymph 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
1 s 1 s I S 1 s I s
Weight 1.87% 1.91% 2.65% 2,201 2,52% 2,58~ 2.76% 2.29% 2,661 2.58%
0,06 0.03 0.07 0.05 0.10 0.06 0.10 0.05 0,05 0.09

Hacmolvmph carbohydrates

¢, 55,105 49.26%  56.73% 5726t 64,112 ss.64f 55.89% 52,99  g2.61% 58,152
4,20 2,86 4,60 4.05 5.65 1.98 h,CO 5.21 450 2,90

¢, 51.85 149,591 59.00% 56,361  56.86%  56.2h%  5z.52%  48,25% 57,208 s0,61°
4,0 1.65 0.58 2.56 3.70 3.43 3.59 7+69 5.50 2,37

€,-S, 3.3 .03l -2.73 0.91% 2,40 - 0,06% h.5% 4,74 10.61%  5,z0f
< 2,4 2,31 2,00 2,73 1.59 0.31 1.14 3.60 3.39 .70

¢, -c, 0.058% .0,014% 0,37t ot o.142%  -0.,0122  0.055% o0.086% o0.075% o.o084
-%____ 0.0h6  0.0%5 0.032 0.05 0.016 0.053 0.033 0.068 0,090 0.0%41

N .

Hacmolymph lipids

+

+ .

L 10.69- . 5.632 10.08% 5,541 11,89 10,80%  10.37%  9.311  8.018  7.96%

1.59 0.37 1.91 0 1.01 1.32 3.91 1.69 3,06 0.70

L, 8.99%  G.n4l 9.42% 6.53% 11.25% 12,615 10.18% 8.94L 7,828 g4t

1.33 0, 84 1.46. 0.38 1.12 0.21 0.85 1,65 0.63 0.81

L,k -1.71Y  o0.80% - 0.66% 1.118 0.6t 1,811 -0.02f 3,731 0,19 4,85t

1 o.56 0.50 0.61 1.77 0.83 1.74 0.05 4,55 0.65 5,03
L,-Ly -0.154%  0.128% -0.022%  0.186%1 -0.004%  0.187% -0,025% 0.029%  0.023%  0.067%
0.035 0.073 0.070 0.093 0.073 0.183 0.050 0.060 0,082 0.062

Ll




Fig.27: The flight performance scores of females
(Series 1) f}own repeatedly at different
ages., (Mean - S.E.M.).
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"ig.28:  The flight pecformance scores of femnles
{(Seriecs 2)flown repeatedly at different
ages. (Mean - S.0.M.).
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150

b} The amcunt of total carbohydrates depleted
from the hacmolymph following tlight

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

30. Differences between implanted and sham operated were
not significant in Scries 1l,while in Scries 2, sham
operated females utilized more carbohydrates on day 8

(p = 0.605 -~ 0,001) and day 15 (p = 0.05 - 0.025).

¢c) The percentaqge decrease in total carbohydrates
following flight

Differences between implanted and sham operated females

were slight in Series I’Fig.Bl. In Series E)Fiq.ﬁz)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.k Uaemolymph total lipids

a) Preflight and post-flight lipid levels

Flowxn implanted femnles of Serics I,Table QQ)had a

significantly higher lipid levels than sham opevated cnes
on day 13 (p = 0.005 - 0,001). TFlown sham operated

females rcached comparable levels on day 22. The increase
may be correlated with the enhanced oocyte developient

of implanted females. Flown implanted females of §g£i§§_§’
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),
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Fiages1:

The ancunts of itolal carbohydrates and depleted
frow the hacsolymph (C ~Cq) and the increased
amounts of total lipids TLO—L Y, following
flight of implanted and sham operated females
(Egrics ;) in mg/ml. Locusts were flown
repeatedly at different ages. (Mean L S.B.M. ).

0 Sham operated females
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Fig.30: The amounts of total cairhohydrates depleted
from Lthe hacmolymuh ((‘ —Cr,) and tihe increasoed
amounts of total 1lipis (ff,‘)-—l,l}‘, following

flight of implanted and sham eperated females

(8eries 2) in mg/ml. Locasts werc flown

[P . + .
repeatedly at diflerent ages. (Mean = S.E.M.).

0 Sham operated females
1] Implanted females

[

1.2y The percent decroase in total earbohydrates and

the percent inecrease in total lipids in the
hacwmolyimph, following flight of implanted and

shaw operated females (Scries 2).  Locusts were
flown repeatedly at different ages. (Mean it S0 ML)

O Sham operated feunles

[&] Implanted females
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b)

c)

The increase in haemolymph total lipids
following f1ight

No differences between implanted and sham operated
females were noticed in experimentis of Serics 1

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

higher amounts into hacmolymph after flight, in Series 2

)

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

{p = 0.005 -~ ¢,001).

Unflown females of both experinmental serias show little -

change in lipids in hacmolymph during the experimental

period.

The percentage increase in total lipids
Tollowing flight

There were no significant differences in the relative
change in post~flight lipid levels in implanted and sham

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

females show a lovwer average in relative change on day 13
than sham operated ontes, but this may be duc to their

higher preflight lipid levels.

Flown sham opcrated females qf Series 2 (Table 29,Fig.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).

t

?

-



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
locﬁsts in each cage. Fach 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. TFood was removed after a feeding period of
one hour, for four hours (until 3 pent. ) when fresh food was alaced
again in the cages. In one cage, the food was removed aftor one hour
and animals were starved for 42 hours. In the other cage, food was
not removed and animals were fed on fresih grass after 18 hours. 1In

each cage a petri dish with cotten woel soaked in water was availablc.

Before flying the locusts, their weight and colour was
recorded. Flight experiments were carried out according te 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 beody 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.



Tnble 30t Effect of starvation en flight.Values are presented as Mean Sos.EJM

Unflown
fed starved fod starved
Veight * (1) . 1.634% 0,055 1.6945 0,063 1.593% 0,070  1.8646% 0,116
gms
 (2) 1.788L 0,063 15112 0,057 1.746% 0.089  1.5228 p.o49

% Increase 40.106%  0.023 ~0.127%  0.019 +0.096% 0,015 -0.155% o0.025
in welght
Wet Lody 0.966% 0.015 0.817% 0.031 0,907% 0.048  0,822% 0,039 _.-
weight
Dry body 0.339% 0.012 0.2995  0.020 0.3242 0,013 0.027
weight
% Water 0.649% 0.013 0.635% 0.013 0.640% 0.018  0.712% o0.048
Gut wet wt. 0.148% 0,0085 0.1042% o 0.1644% 80,0167  0.1260% 0,0184
Gut dry wt. 0.029% 0.0020 0.033% o 0.0265 0.005  0.026% 0.005
% change 0.0l 0,011 0.784% 0.m 0.790% 0,02 0.79%% 0.013
f.boweight 0.034% 0,0057 0.019%  0.006 o.0220 0,003 00073 0.c02
Method (1) 8.3° 3.5 w2t 1.5
Method (2) 35,45 16,8 40,45 7.2
Haemolymph tota! carbohvdrates

c, 30,55 2.12 29,15 2.44 35,095 1,63 36,055 4,47
cé 23.82% 2,54 12,655 1.30 31,75 1,09 34,855 446
€,c, 6.68%  3.10 1%.285  0.73 4,565 0,52 1.64%  0.53
c,-¢,/c, 0.206% 0,088 0.507% 0.053 0.126% 0,011  0,033% 0.021
Hacmolymph total lipids

L 4,3435 0.348 7.614% 1.01h 6.157% 0.525  7.4591 1,137

L, 8.412% 2,863 12,7045 2,258 5.725% 0,761 6.6512 0,437
L~ 1, £,3612 3,025 5.090% 1,851 0.3615 0,373  1,106% 0.632
L=l /L) 0.9285 0.60 0,747%  0.209 0.038% 0.072  0.118.% 0.054

(1) initial weight

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



b)

c)

d)

Weight

Total body weight

The initial total body weight of flown and unflown
starved males did not differ significantly from that
of flown and unflown fed males. The weighlt 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.

Wet body weight

The average wet body weight of flown fed males was
significantly higher than that of unfed Tlown ones
(p = 0.005 - Q.COLl), There was no significant difference

in wet body weight Dbetween starved and feod unficwn maloes.

Dry body weight

The average dry body weight ol fed flown males did not
differ significantly firom that of starved floun ones.
There was no statistically significant difference in
the average dry body weight of unflown fed and unflown

starved males.

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 differeace in dry gut weight of flown
starved males and flown Ted males. The average dvry

gut weight of unflown fed males was significantly higher

{(p = 0.01D ~ 0.005) than that of unflown starved males.



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 TFlight performance

There was no sijnificant 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 otiiors 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 tolal carbohydrates utilized (CZ—C in flown

)
1
starved males was higher than that of unfiown fed ones (p = 0.00%).

There was no significant difference in amount of total carbohydrates

utilized by flown fed males from that of unfioun fed ones. The awmowunt -

of carbohydrates utilized by starved flown males was significanily
higher than that of fed flown males (p = 0.05). The percentage change
in carbohydrates followinyg flight, was significantly higher in starved

unflown males from that of fed ones (p = 0.005 - 0.00l);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 unflowm males.

8.2.4 Haemolymph total lipids

Flown siarved males had a significantly higher preflijght
lipid level from flown fed males (p = 0.025 - 0.010); but not so
from unflown fed males. Therce were no significant diffefences 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 folleowing flight.



CITAPTER 9

CHANGES 1IN HAEMOLYMPH TOTAL CARDBUHYDRATES
AND TOTAL LIPIDS AT VARIOUS PERIODS AITER
FLIGHT

9.1 Experimental format

It was the abject of the following experiment to follow

the changes in the haemolymph after flight had terminated.

Five crovded males 30-31 days after iledging were flown ---

for half an hour. Tive other males were usced as unflown coantrols,

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 3C minutes.

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

- Iy O,
allowved to stand in a small cage at room temperature (21-23 C) and

Liree more blood samples taken. Sample 3 was taken 30 winutes,

Sample L4 90 minutes, and Sampie 5 180 minutes after the flight period.

Unflown locusts were treated in a similar way, blood samples

being talken at the same time intervals. Unfloun locusts were placed

in the wind tunnel but were not flown.

Each blood sample was analyzed for haemoclymph 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 experiment$.

9.2.2 Haemolymph total carbohydrates

The average values for total carbohydrates levels in the

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

100



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

+
performance scores of the flown males. (Mean -~ S.BE.M.).

Weight Colour Score Flight performance
1 2
’ + -t R +
Flown 1.995 - 0.069 15.5- 0.7 153.4~ 2,25 60.~ 12,34

Unflown 1.931% 0,141 14,95 1,1 - -




1Te2

are prescnted 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.

1 Cl is the preflight carbohydrate level in the haemolymph
and C2, C3’ Cg’ and C.5 the post-flight levels at various time
intervals, then Cl - Cn+l where n = 2, 3, &, 5 would be the amount of
total carbohydrates utilized at the varipus time intervals after

flight. Average valucs for C. - Cn are presented in Fig.34 for

1 +1

flown and unflown males.

The amount of total carbohydrates utilized taken from a
somple immediately after termination of flight (30 minutes after
Sample 1, (Cl - Cg)jn Tflown males did not differ significantly from
that of unflown males. The difference Cl - 03 was significantly
higher (p = 0.05 - 0.025) in flown males than that of unflown males.
The values Cl - CLL and Cl - C. were not significantly higher in

D
flown males.

. c - c .
If the values C. - C are divided by C ;1 n+l
1 n+l 1 —"E—-*“-

1
would be the percentage change in total carbobiydrates in the various

samjples 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 (sauplc 3)
flight. 1In Samplc 4 1lipid levels started to decrease and they
continued to do so in Sample 5. Lipid levels of Sample 5 were not
significantly differcnt from the level of Sample 1l,but still
significantly different from Sample 5 levels of unflown males

(p = 0.025 ~ 0.010).



Fig.33: Treflighit and post-L1ight haemslymph total
222 1 =yl
carbeliviiates and total lipids in the
haemolswph of flown and control locusts.
( T
(img/mi, Hean = S.E.M. ).

] Control

3 Flown
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If the preflight lipid level in Sample 1 of each locust

was L,

yo the difference L_n+l-Ll (n=1,2,3,4) vas the amount of lipid
suobilized into the haemolymph following flight. Average values for
-~ I, S alo osont e 3 OS] "7,.‘
Ln+1 Il were presented in Fig.34

The differeaces in lipid levels of Samples 2 and 1

(Lz—Ll) and Sawples 5 and 1 (Lr-L‘) vere not statistically different
o] A

between flown and unflown males. The differences LB-—L1 and

Lli—L1 of flown males were higher than those of unflown ones

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

If the differcnce 1n+l - L1 was divided by the initial

level Ll for each locust, then el Ll was the percentage change
L
in lipids at various intervals afterlflight. The average valves for

L - L . .
n+l 1 were presented in Fig.35,
N (PREY S N A L S———— e ——

Ll
The percentage change in lipid levels was significantly
higher in Sample 2 taken immediately after flight of flowny males
(p < 0.,001) than ihnt 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 L and 5 in flown males was

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



170

‘t CHAPTER 10

THE RELATIONSHIT BETWEEN THE FLIGHT .
SCORE, HRAEMOLYMPH TOTAL CARDOHYDRATES
AND TOTAL LIPIDS.

10.1 Introduction

Thiere is a reduction in the level of total carbohydrates
and an increase in total lipids in the haemolymph, associated with
flight. Resulis obtained fﬁr unoperated and sham operated coutrols 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

bacmolymph were studied for males and females separately.

10.2 Results

The results cobtained for males from the various experiments
were pooled according to five agé groups of the insects. The
correlation between the flight score and the following parameters was
studiedy

a) Preflight total carbohydrates level in the haemolymph

b) Post-flight " " " T "
c) Preflight " lipids " v "
d) Post-flight " " _ " noon "

ec) Amount of total carbohydrates utilized in flight

f) ] " 1t lipids " 1] ]

Since there was no significant difference between the
regression ejuations for the five age groups, all the results for

males were pooled for further analysis.

From all the regression equations, only thosc denoting the
relationship referred to in (e) and (f) mentioned above had significant

ratios and therefore presented in more detail here.
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The correlationgcocfficicnts of flight and the depleted

amount of total carbohydra&es ( x.= Cl—Cz) the increazed amount of

1
total lipids_(xz = LZ—LI) and the multiple correlation of all three
variables of males (N = 108) and females (N = 67) were calculated and

presented in Table 32,

1t 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. 1In 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 + blx 1 + bz x2

If we take Y to be the estimated flight score, x, as the amount of

carbohydrates depleted from the haemolymph (Cl »Cz) and *,, as the
increased amount of total lirids in haemolymph after flight, the

regression equation for males is.

Y = 8.26 + 1.258 (cl— C,) + 1.850 (i, - L )(Equation No,1)
o -

and for females is

Y = 9.07 + 1.612 (cl- cz) + 3.58L (L2 - Ll) (Equation No.2)

A stalistical test{in addition to the above mentioned
correlation coefficients) was carried out to prove that flight is

3 = - Fs = . and 1s > )
dependent on X, (Cl Cz) and x ( L2 Ll) and is presented in

Table 33 for males and females. Tie regression sum of squares
1229l2~é§ ) estimates the fraction of the variance of Y attributed to
both total lipids (L2 - Ll) and total carbohydrates (cl - cz). By
extending this analysis, tests of significance of b1 and bz values can
" be made and are presented in Table 3%, Testing each x (xl or xz)
after the effect of the other has been removed, it is found that

each x contributes significantly to the variance of Y.

Since xl is dependent on xz in males {(Table 32)the actual

valuesg of bl and bz in EBquation No.l are not the absolute values,
while in females where x, and x, 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 3.58%4,



Table 32:

Correlation Coefficients in flight Data of Males and Feomales

Correlation degrecs of freedom ratio P
F x X, X 105 0.617 <« 0,01
F x X, 1¢6 0.546 & 0,01
MALES

F x X, 106 0.439 & 0,01

X, X X, 106 0.305 & 0.01

F x x, X X 6k 0.780 & 0,01

F x X 66 0.520 < 0.01

FEMALES F x X, 66 0.570 % 0.01
Xl X Xz 66 "Oe 02 N.S.

-t

SN



Table 33: Analysis of Variance of Flight Data of lMzaies and Females,
Source of Variation Degrees of freedom Sum of Squares Mean Square F P
2
Regression 2 $v° = 79177.45  39588.71 20.34 &0.01
2
MALES Deviations 105 £d- = 129034.58 1228.90
2
Total 107 <y = 208212 1945.91
i 2 96105.4 48052, 48, %0,01
FEMALES Regression 9 5 52,7 2
Deviation 64 61986.5 986.54
Total 66 158092 2395.3

~J
83



Table 34:; Test of each x after the effect of the oither has been removed on Flight Data
of bMales and Females
Source of varization Degrees of freedon Sum of Squares Mean Square F P
¢ and > 177.43
.\1 nd %, 2 79177.42>
X, alone 1 40119.92
x, after x; 1 39057.51 31.78 &0.01
a
3 70177.43
_5.. xl and xz 2 7S177.45 o
- x, alone 1 62154,60
x, after x, 1 17012.83 13.8k %« 0.01
Deviations 105 129034,58 1228.90
L) 5
X, and x, 2 96105, 4
x1 alone 51753.3
X, after X, 1 Lhz52,1 45,79 20,01
- 2 = —'.[}
Eg kl and -xz 95105
= x_ alone 1 k273%5.1
= 2
& x, after x, 1 53372.% 55.11 <0.01
Deviations 105 61986.5 968.5

vl



CHAPTER 11

THE EFFECT OF ALLATECTOMY AND CORPORA
ALLATA THPLANTATION ON WINGBEAT FREQUENCY

1l. 1 Experimental format

Male and female locusts were operated 24-48 hours after
fiedging. Allatectomy, implantation of corpora allata and sham
operations were carried out as descrihed in Section 2.8. Corpora
allata and muscle tissue for implantation and sham operations were

takeu 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°C and 36°C during a 2% hour period.

Ten males and ten females of the three trcatment groups
{(allatectomized, implanted and sham operaled) were flown at Touv
different ages and their wiagbeat frequency was recorded. Each locust
was flown fer 10 min. at the three wind velocities 2.0 ms—l, 3.1 ms
and 3.9 ms_l, starting with the lowoét 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 occasiozns 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.

-1 .
Sexually mature males were flown at 3.] ms 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 locusis 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 taien from a field

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

frequency recorded at the three different wind velocities.



11.2 Resu{g&

- ami

i
Wingbeat frequencies recorded from flights lasting for

longer than i min. were analysed and results are presented in Table 35
and Tablgﬂéﬁ 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 reiuctant to fly.

In both males and females, wingbeatl frequency increased with
age, in the three treatment groups tested. The state of maturntionhgf males
was - indicated by theiv colour score (Sectigﬂ_glg) being taken before
flight (Table éz))and in females by noting the onset of oviposition.
Implanted females started to lay egys on day 18, while allatectomized
and sham operated females failed to lay beforc the termination of the
experimeni (26 days). Yolk was deposited and resorption bodies were
observed in the ovocytes of sbam operated females by day 206. No coovie
developmeut was observed in allatcctomized females killed on day 20.
Implantced males showed only a slight increase in the rate of achieving

yellow colouration,

No clear effect of eithor allatectomy, corpoca allata
implantation or wind velocity on wiagbeat frequency was observed in
males or femiles., On some occasions increasing the wind velocily
causced a reduction in the wingbeat frequency. This was clearly
observed in records taken from Mali males and females (Tableméﬁ).

The decrease in wingbeat frequency may also be attributed to the

effect of a prolenged flight. For example; after 20 min flight (10 min.
cach at 2 ms_l and 3.1 ms_l) a locust flown at 3.9 ms"l may exhibit

a lower wingbeat frequency than at the start of the flight (2.0 msnl).
The effect of time on wingbeal frcducncy is shown in Fig. 36  and

Fig.37.

The wingbeat frequency was recorded in threc yellow mature
males, flown for various periods of time at 3.1 ms-l. 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



Table 35:

1he effect of allatectomy and implantation of eorpora allata

177

on wing beat frequency at three wind velocities of  malo
Locnyta. {Mean p raago)
t
Treatoent Implanted Allatectomized Sham ugcr.x.-t‘m! - controly
Ape in days 5 9 16 o4 5 1 17 24 5 10 17 h
Wind velocity (3) (1) (3) (2) (3)
20 4339 6832 20431 11596 3853
m~t 20,822 18,555 17.93%  18.54% sh,000
0.03 0,04 0.02 0,02 0. 10
3.1 @) e S R TS 1Y R ¢ SR ¢S N ¢ (3) (%
7&66'(2)’ 14556 14,828  gn8 4065 21590 34989 Cnhi Hhbie TIEG
- [ A ] .
ns”! 17.96%7 17.20 19.355 20,92 19.421 13.10% 19,957 14,06 170868 uh,asl
/ - 4 h-
0.06 0.0% 0.0h (2213 or Gon  o.on Uil c.0z 2.0
21.55) 14.95) .
3.9 (2) (73 (1) (4) (1) (6} ()] (2) (1) ($3] 5}
m—l 5591 12990 By 4052 8ze 21695 28r09 15350 5224 70
16,852 16,302 20,89% 18,520 22,42 19.450 19.775 21,041 17.e9t amgrl
0.05 .03 0,07 €.0% (22.1i- 0.02 Q.04 e.oh C.C5 Uil
22.73)
(2) (1) {0
3.1 4335 229 3234
-1 15.26% 19.38 19400
us )y .
0.0 (19.22-~ (LA
19,55}
(1)
2,0 285
X 16.76
[y (16.69~
16.82)

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



Table 36: The effect of allatectomy and implantation of corpora allata on wing beat

s . +
frequency st three wind velocities of female Locusta (Mean = range).

Treatment Implanted allaicctomized sham~-operated controls
Lge in days 6 12 18 25 5 11 18 24 G 12 14 25
Vind volecity “)'(1) (hy 3 (3 (@) 2) (3) (n 3
«
3352 w917 3856 3939 1318 375 8719 - 16539
2.0 17,75 °(3) 16,802 21,292 14.10% 16,900 17.56% 15,108 27.35 19.20°"
-1 C.03 0.02 0.12 0,03 0.03 0.Gh 0.0h (26,32~ 0.3
ns 28.47)
(3) (5) (5) (3) (63 (3) (3) (3) (1) (3} (4)
3.1
-1 12223 21370 39586 4470 13341 22645 5942 7730 930h 7459 24416
B3 15.61 16.99% 19.15% 1h.6h1 317.40% 19.28% 18.75% 15.66  18.00 20.%1% g0, 4t
(15.58- 0,02 0.03 0.0 0.0% 0,01 0.04 0.04 - (17.93- .04 G.02
15.63) 18.01) o
(3) (5) (6) (3) (3} (5) (3) (3) (z) (3) (4)
3.9 4783 2A257 L1099 3014 9107 23868 20663 GGG 11868 13AhG ITIEC
-3
e 15.555  16.22% 20,24 13.98% 1y.m% 12.10f 8.220 1n.eh 18,070 f,470
0.04 0.02 0,03 0,03 0.03 0.02 0.01 (17.77- 0.0z 0.0
17.01)
) 3y (3) (1) (1) (1) (1) (2} (1) (h}
"i 523 €083 12715 1935 2218 146 959 3885 5o Bo%G
" 15.78% 16.86% 29,822 15,957 18.23% 17,81 18.80% .07l 19,1 18,30k
o.12 0,03 0.02 0.05  0.03 (17.57- O.18 0,63 {19,109 ©.03
18,04} 16,50} .
2.0 (1) (1)
-1 1942
ns 16,69% 19.65%
0.05 0,45

' (1) No. of animals

L]
(2) No. of readings,
¢ (3) wing beat frequency (Hz)



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 2L 5 11 17 2k | s 10 17 24
Average
colour
score 1.8 2,4L 3.9 8.1 0.25 0.35 0.1 0.2, 0.2 1.6 3.1 7.8
Noe. of
animals 10 10 10 7 10 10 9 9 10 9 9 9

WA

[}



Table 33: The wing beat frequency of Mali ficld locusts, (Mean ¥ 3.E..)

Males Females
Wind velocity —
. (1) (4)
2,1 (?) (2)*
< 17907 33720
" 25.13% 3 24,711
0.0k 0.02
3.1 (5) (4)
-1 22800 20401
ms " "
22,93~ 22,46~
0,04 0.02
(5) %)
3.9 1 13161 25569
s 20,164 21,547
0.0% 0.02
. 1) )
5’1_1 361 14693
" 21.81 21.51%
22,55 - 22,07 0.02
(1)
2.11 ]‘303
e 22,20 ¢
0.11

¢+ (1) No. of animals
*+ (2) No. of readings
* (3) Wing beat frequency (il_)

160



minutes of the I}ight period (0~10 wmin), the second ten
minute period (11-20 min) and the third ten minute period

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

(2} The average wingbeat frequency was analysed for one
minute periods of flight at various time intervals duwring
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 -

fregquency declines duriung 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 winjgbeat frequency was noted
with changes in wind velocitye.

The interval histograms shown,vary in the heights of the
peaks, in their position along the x-axis (line) and in the spread of
the recordings. Height is proportional to the number of readings
recorded at each time interval (here are 250 interval, 0.6% m see
wide) and vwill vary depending on the length of tlic record analysed
(iong or short flight, good or poor record, etc.} and on the regularity
of the winghecat - 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 furmther from the origin at
lover frequencies. These mean (or peak) values indicate the most
comnon winghecat interval and the standard deviaiion is related to

the regularity of the wiag beats.

It may then be concluded that no effect of any of the
treatments ot 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,



The average wing beat frequency
forjevery 10 minutes of flight.
|

The average wing beat freguency
for 1 minute flight vperiads at
rarious time intervals of Lhe

flight period 1.
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Plate 2:

Plate 3:

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

de 2. as
b. 3.1 ms~ 1
-1

c. 3.9 ms
d. 3.l ms ™ (flown atter (c)).

The time sweon zlony the x-axis was 100 m sec.
for 250 intervals. The maximal numnber of
counts per interval (Y-axis) was set on 4096
counts.,

The wing beat freguency of an allalectomized
mate flown at two wind velocities
-1

de el ms

. -1
b, 3.9 ms
The sweep time of the X-axis was 160 m sec. for
250 intervals. The maximal number cf counts
por interval (Y-axis) was set at 1024 counts.
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CHAPTER 12

FLIGHT OF VARIOUS LOCUST
POPULATIONS AND STOCKS

12,) Experimental format

The flight pacameters reported in Chapter 5 were studied
in locusts originating from various poupulations and raised in crowded
or isolated conditions, -
(A) First instar hoppers, taken from the regular laboratory
stock were raised under crowvded or isolatced conditions
- (sce Section ZLL) Fourtcen males were raised under isolated

conditions (Section 2.12) and murked individually after

fledging. Seven males were flown ten times commencing
on day 9 up to day 74 and the other seven served as unllown
controls. TFourteen other males wvere rearced under crowded

conditions (Section 2.1.1). After fledging locusts were

marked individuvally and kept in a crowsded cage that contained
50 males and 30 females. Crowded males were alse divided
into two groups; flown and unflown. Locusts were flown

six times throughout their life commenciag from day 10

after fledging,up to day L7, In both crowvded and isolated
locusts, the same locusts were used throughout the
experiment. Locusts raised in isolation lived longer

than the crowded ones. The temperature of recaring ranged

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

(B) Locusts collected in Jedda, Saudi Arabia (Parent generation),
wvere brought into the laboratory and reared under crovded

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

second laboratory generation (Fl and Fz 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 crowvded and
isolated Mali males (Mean - S.E.M.) and
the mean colour scores of crowded males.

FFlight scores:

Method (1)

Q-0 Crowded males

zﬁ;__)?L Isolated males

Method (2):
G——@ Crowded males

?Lhuﬂﬁi_lsolated males

v
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Table 4la: The flight performance of crowded and isolated

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

Crowded Age 10 i6 23 32 L0 L7
Method (1) 16.3% 16.4% 15.1%  11.82 22.2% 15.5%
L.5 4.2 o1 3.8 5.1 5.1
Method (2) 70.9% 69.3% 80.0% 57.0% 108.6= 69.3%
18.6 19.1 21.2 18.8 26.0 24.2
Isolated Age 9 14 21 30 38 L6 52 59 66
Method (1) 11.0% 14.4% 16.3%  14.0% 19.7% 16.0% 10.5% 19.5% 21,2%
2.9 2.9 3,7 4.5 3.5 3.2 4.9 2.6 2.6
Method (2) 58.7% 6h.0% 81.7% 67.6% 81.9% 66.3% 43.5% o99.22 101.52
1h.h 12.2 21.5 25.1 20.0 13.3 17.5 13.8 12.9

661



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 1, 3 and k.

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 fermales was comparable
to the better records of the regular laboratory stock,
(Table 4lc) recorded at the onset of sexual maturation

(sce scctions 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, Fig.39 and Fig.40)

In males the differences were statistically siguificant
between the groups tested on days 21 (isolated) and 23
(crowded) where p ¢ 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.

L}

12.2.4 Haemolymph total carbohydrates

Haemolymph total carbohydrates were determined as described
im Section 2.7 and presented in mg/ml in the various tables,

(A) Laboratory crowded and isolated males

Preflight (Cl) and post flight (Cz) 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



Table L1b:

Table ’AI_E:

Table 4)d:

MALES

FEMALES

The flight performance of first and second laburatory

gencrations of Jedia locusts (Mean Z S.EM. )e

Firat laboratory generation

201

Second Laboratory generation

Age in days 27-39 28-40 41-53 59-70 16 29
Fothod (1) 24.8° 11.6% 7.4t 17.8% 18,62 18,41

2.6 3.6 3.6 5.2 3.0 4.8 - .
Method (2) 120,61 51.6% 92,41  v6.8% 84,88 79.0%

14.7 16.9 17.0 22,9 17.6 19,6

The flight performance of males and females collected

in Mali (Mcan = S.E.M.).

Malesy Females
Method- (1) 21,82 24, 0%
i 5.3 3.5
Method (2} 13.0% 104,82
36.6 13.6

The flight performance of first laboratory generation of

Mali crowded and jsolated locuats (Mcan M S.E.M. )

Crovded Isolated

Age in duys 10 i6 23 39 ' 7 14 21 50
Method (1) . 7.60 17,41 28,60 21,00 1.6 6.4 7.01 13,0t

2.9 4.5 1.4 4,1 1.1 2.8 2.4 5.8
Method (2) 34,65 77.0%  14h.0f  103.8% 6.4 s2.4% .

13.3 21,89 14,2 25.5 4.5 16.9
Age in days 10 16 26 39 10 17 27
Method (1) 0.4 16.0%  27.4% 24,00 s5.02 12,02 15.82

2.3 2.4 1.9 2, 3.6 1.8 4.9
Method (2) 44,8% 85,28 118,41 116,85 14,20 52,87 79.8%

11,2 13.8 9.1 14,5 10,2 6.9 27.6

*Recording was discontinued due to loss of hind leys.



Fig.h0: The flight performance scores of the first
e bt .
laboratory generation of croydod and
isolated Mali females (Mean = S.E.M.).

Flight scores:

Method (1):

O-+--.0O Crowded females

);&___) Isolated fcemales

Mcthod (2):
G Crowded females

l?i.uhiﬁi Isolated femnales.
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-

The changes in hacmolymph total carbohydrates of crowded aund

fsolated laboratory stock locusts, (Mean ! S E.M. )

Crowded Age in days 10 16 23 32 40 47
Flown ¢, 33,005 36,9551 29,528 4o0.078 33,311 Ah,182
4,36 241 3.49 2,45 £33 B,41
c, 23.651 23.B20 19,330 27,260 19045 2327
2,81 0,12 3.0% 5.3% L.BY 5,00
€,-C, 9.361 13051 10890 12,820 13.86% z2o,o1”
T 2.0z 2,47 0.79 3.39 3.53 3.73
C,-C, 0,286 0.3575  0.358%  0.342> 0.433% 0.489%
1 Ca )
€0 0,067 0,061 0.029  0.097  0.106 0.052
Unflown <, 38,912 36,965 33,210 38.955 31.40% 35.99% -
1.91 2,61 1.92 184 1,97 o.07
€. 37.62%  36,48° 2,008 42,881 30.89% 37.74%
“ 2,13 2.70 1.18 2.67 2.20 2,53
. o { e - ey o et -
c,-c, 1.29% 2262 1,211 - 3,552 0.50% 1,262
1.44 244 1,97 2,92 0.47 __1.f0
€,-¢, 0.031%  0.004% 0.019% -0.103% 0.019%
. < 0,034 0,043 0,065 0.085 0.016
1
Isolated Age in days ) 14 21 30 38 46 52 59 66 74
Flown ¢ 29.821 31,962 3,611 32,192 37,795 31,801 39,102 byt
163 1.57 2,64 0,10 1.46 1,13 .47 2,00
€, 15.255  15.47° 13,64 13,915 16,801 12,041 24,192 25,515
2 2,37 2,55 1.52 1.76 1.2 2,51 3,06 3.01
€, =, 14.59% 16,481 19,155 18.28° 20.99%  13.77% 14.98% 19 16,772
172 s 2,77 2,06 242 2.00 287 2,83 3 .98
€,-5, 0.5031  o.sml 005830 0.536% 0.5501  0.427% 03801 0.4621 oussol gaanpl
< 0.065 0.086 0.037 0,064 0.042 0.030 0,059 0,055 0.0%% 0.027
1
Unflown c, 27.89% 26,150 36.200  36.58% 33,361 31,741 38.6x% 46,221 30.m1 46.872
1.4} 124 2,04 2,88 2,4k 1.50 L.55 2.55 1.50 340
¢, 26,128 23470 0471 290441 31,200 25,097 37.182 31,000 100620 41.640
1.93 1.84 2,08 2,85 1.9 1.52 1.19 1,95 2.5% 2.61
€,C, 5,142 2,602 6.222 7,131 3,920 5,570 1,671 6.001 0,271 s.o0l
2.02 1.10 1.36 0.9%  1.29 0.59  2.42 2,31 1.85 1.57
€,-C, 0.1807  0,101%  0.1712  0.1961 0.122%  0,1841 0.050% 0.1461 0.0101  0.105
0.066 6,03  0.032 0,027 0,039  0.023 0.061 0.063 0.063  0.027




(B)

()

carbohydratcsgdeplcted from the haemolymph following

flight (Cl—Czj was constantly greater in isolated

males than in crowded ones (Fig.4l) (except on days

4G and 47) and the percentage chanyge 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 cirowded ones

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

Preflight total carbohydrate levels were much lower than

those reported in other sections.

Jodda locusts: First and second laboratory generation

Preflight total carbohydrate levels were similar in both
generation (Table 42b). The amounts of total carbohydratoes
-C

1 2)’

and the percentage change were similar in Groups 1, 3 and 4

depleted from the haemolymph followiag flight (C

of the first laboratory generation. The average amounts
and the percentage change in tetal carbohydrates of nales
of Group 2, were higher than those of Group 1, but the
differences were not statistically significanti. In the
second laboratory generation the average amounts utilized
and the averajes of percentage Changc,were slightly higher

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

Solitary males and females from Mali

Preflight total carbohydrates level were significantly
higher in females than those (I&Elg_égg) of males

(p = 0,050 - 0.025), but there were no significant
differences ncoticed 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 relationsiip was noticed in flown males. The
amount of carbohydrates depleted from the haewmolymph

following flight and the percentage change in carbohydrate

(@)



Tabtle I(f!h.:

——r

The changes in haemolynph total carboliydrates of

first and sccond

laboratory generations of Jedda locusts, (Mean < S.E.M.)

First laboratory generated

Sccond laboratory generation

Age in days 2739 2Bh0 L1-53 59-70 16 39
Flown < 56.32% 48,29 sa.18d  48.760 43.59%  Gh.o2l
3.42 3.h2 3.1 4.79 1.68 2,74
<, 42,655 42,851 48,035 36.50% 28,035 45.08%
2,08 5,31 4,09 2.19 3.20 2.64
€€,  13.67% skl ¢.558 12,251 15.56%  19.842 .
L.oh 5.93 1.27 L.99 2.51 3.77
c,-<, 0.231% 0,081 0,167 2202 0.360%  0.300%
5 0.061  0.116 0,023  0.004 5.98 5.42
R ;
Unflowm < 5h.23% 49,930 51,6701 4934 5.661  57.05%
3,12 2,82 2.73 1.50 2.18 2,30
<, 53,408 47,551 49,001 46.8GE 45.38% 56,232
3,51 2.97 L.09 3.65 2,18 5,11
€ - Cy 371t 2,380 2,277 3,941 0.281  o,82"
R V1) 3.70 0,70 1.53 1.38 4.52 o
- £, o.07h%  o0.0h0f  0.0551  o.052% 0.0045  0.020%
— 0,024 0,070 0,057  0.129 2.97 7.87
1

Table 42c:

The changes in haemelymph total corbohydrates in males and fomales

collected in Mali J(Mean & S.EM.
Males Females
Flowvn c, 48.79% 70.09%
. 5.95 5.32
c, 31,175 28.99%
" 8.65 3,60
c,-c, 17.08% 41.062
3.17 4,92
€,-C, 0.401% 0.582%
0.102 0.047
3
1
Unflown c, 51.53% 68,62
_ 6.13 5,61
<, 53,60~ 68.81%
3.78 8.h7
€,-Cy - 0.0122 ~ 0,001%
0.018 0.013
€,-C, - 0.08% - 0,007
- 0.0% 0.034




Fig.hl:

The amount of total carbohydrates depleted

from the haewolymph and the increased amount

of total lipids followiny flight, of laboratory
crowded and isolated males. (in mg/ml,

Mean = S.E.M.).

O Croided locusts

[ Isolated locusts
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Fig.h2:

—

The percent decrease in total carbohydrates
and ithe percent increcase in total lipids in
the haemolymph following flight, in laboratory
crowded and isolated males.

0 Crowvded males

0 Isolated males
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(D)

o

levels were significantly higher in flown males than
in unflown ones (p = 0.005 - 0.001, p = 0.010 - 0.005,
respectively). 1In females the equivalent values of P,
wefe p < 0,001 for both the amount utilized and the

percentage change in total carbohydrates following flight.

The amount of total carbohydrates depletcd from the
haemolymph in flown females was significantly higher than

in Tlown males (p = 0,005 - 0,001}, but no such relationship
was noticed for the percentage change in levels followiﬁg

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

First laboratory generation of Mali Locusts

Males: Preflight and post-flijht total carbohydrate levels
of isolated males did not differ significantly from those

of crowded ones. (Table 42d).

The amount of total carbohydrates depleted after flight
frow the haemolymph in isolated and crowded males

increased with age, reaching maximal average values on
day 21'in isolated malcs)and on day 23,in crowded ones,

with a slight decrease on the last test. (Table QZdJFig.&B).

In crowded males, the amount of total carbohydratcs
depleted from the hacmolymph 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>diffcrent 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 perceantage

change in total carbohydrates following flight (Fig.&#).

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 ¢ 0.001, for day 16

e



Table 42d: The changes in haemolymph total carbohydrates of first laboratory

generation of Mali crowded and isolated locusts, (Mean : S.E.MG)

212

Croded Isolated
Age in days 10 16 23, 39 7 14 21 30
Males Flown ¢ 50.26%  45,59% 64,911 48.35% 43.76%  38.49%  61.39%  45,04%
2.87 1.84 3,28 4,04 1.62 a.60 5.66 2.15
C, 31765 19.820 27,511 31,651 31,970 13,961 30,811  23.05%
- 6.50 0.97 3.55 3,53 1.88 4,38 4.97 2,55
€,-C, 21231 25.770  37.401  16.69% 11,79 24531 50.57%  21.98%
4,82 1.93 3.45 4By 1.79 6.77 6.97 3.31
€,~C, 0.4161 0.3631 o0.577%  o0.33% 0,2682  0,60%% 0,483 p.4841
= 0.089 0.026  0.050  0.075 0.029  0.142 0,091 0.064
Unflown ¢, 3o.st 4zl se.sal sp.o2t 39.15%  35.551 49,111 42,753
5,05 2.93 2,14 1.53 4,22 1,19 3.13 5.9h
€, 29,180 37,281 su.52l 55,800 36.891  a9.661 46,730 4o,31%
- 4.2 2,42 3.51 1.6¢ 2,80 2.79 2,26 6. 24
€,=<, 1,285 4,820 4,001 3,232 3.97%  6.1% 0 2,381 2.ml
1,29 3.09 2.64 1,69 0.55 2.7h 3.54 1.80
c,-¢, 0.024%  0.1061  0.0721  0.053% 0.106%  0.165%  0.0361  0.057%
3 0,051 0,069 0,044 0,02 0.018 0,074 0.065 0,042
1
Age in davs 10 16 26 39 10 17 27
Females  Flown €, 6274 50,991 68.1m1 48350 25.81%  39.96% 51,252
3.13 2.00 .11 5.12 3.93 3,07 0.9
c, 28,587 18.02% 20,15 14.96% 19.200  13.86%  29.132
L. 5.81 2.05 1,68 2,62 4.9z 2,87 5.71
€ =€, 3. 155 32,978 s0.47%  33.38% 5.43%  26,10% 22,13
5.33 3.19 6.30 6.78 3.06 2.18 6.2
¢)-c, 0.549%  0.6A3%  0.730L  o0.672% 0.280%  0,650%  0.427%
= 0.093 0,047  0.055 0,061 0.105 0,055  0.116
)
Unflown €, 37.98% 36,675 45.57% 47,90t 27.91% 36,405 45,172
4,20 1.98 3.8 3.57 1.83 2,08 4.39
c, 36,795 36.67%  45.391  46.45% 24,262 33.66% 43,751
2,52 1.19 2.17. 4,42 2.40 2,57 6.63
¢,-C, 3190 Lol 1.s7E 0 1.4st L35 2,731 1.4ef
2.71 1.56 1.30 1.53 1.10 0.63 5.77
c,~¢, 0.060% 0,036 o0.031% o0.071% 0.1581  0.079% 0.027%
3 0,062 0.045 0.027 0.06h 0.046 0,027 0.1h7




Fig.h3:

Fig.44:

The amouni of total carbohydrates depleted from
the hnemolymph and tﬁe increased amount of total
lipids fellowing flight, of the first laboratory
generation of crowded and isolated Mali males
(in mg/ml, Mean = S.E.M.).

O Crowded males

16} Isolated males

The percent decrease in total carbohydrates and
the percent increase in total lipids in the
haecmolymph following flight, in the first

laboratery generation of crowded and isolated
. . + -l ~ 3
adi males. {(Mean - S.E0ML).

O Crovded males

& Isolated males
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12.2.5

Section 2.7

(A)

(B)

N

p = 0.005 - 0J001, 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 secen in Fig. 45).

The percentage change in total carbohydrates following

flight in flown isolated females did not differ signiff;Antly
on any of the tested occasions, from those of flown

crowded females (Fig.406). Unflown isolated and crowded

females showed little change in total carbohydrates durinag

the experimental period.

Haemolymph total lipids

Haemolymph total lipids were determined as described in

and presented in mg/ml in the various Tables.

Laboratory crowded and isolated mnles

There were no significant differences in preflight lipid
levels between crowded and isolated males. The increase
in lipid levels and the percentage change in haemolymph
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.

Jedda locusts: First and second laboratory generations

The preflight lipid levels in {irst 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 L.

Preflight lipid levels of males of Group 1 were lower

u



P50, 06
Fig.ho:

The amouat of total carbohydrates depleted
from the haemolymph and the increased amount
of total lipids following flight, of the
first 1aboratory generation of crowided and
isolated Mali females (in mg/ml.Mean L S.E.M.).

a rowded females

B Isolated females

The percent decrease in total carbohydrates
and the percent incireasce in tolal lipids in
the haemolymph fellowing €light, in the
first laberatory generation of crowded and
isolated Mali females. (Mean = S.015.M. ).

] Crovded females

)] Isolated females
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Table h3a:

The changes in hacmolymph

isolated laboratory stock

total lipids of crowded and

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

Crowded Age in davs 10 16 23 32 (o) 47
Flown L 8.60% 7.13% 7,331 8,991 <7.39% g.os5t
0.77 ©0.05 0.26 0.02 0,87 1.40
L, 1635 14,561 14,742 15,261 16,678 15.23%
2.18 2,18 1,3k hL.25 2.97 2.21
LZ-L1‘5.95: 7.73% 7.15% 6.27% 9.3l 6.97%
1.67  1.77 1,43  1.82 2,64 1.54
L,-L, 0.642% 0,983% 1.040% 0.709% 1.305% o0.712% -
L 0,176 0,221 0,200 0.197 0.429 0.277
1
Unflovn L, 7.92% 7.67% 10,151 9.46% 9.09% 10.43%
0,65 0.6 1,16 1.56 1,24  1.h7
L, 8.76% 7.43% 10,18% 10.21% 9.832 11.71%
0.33 _O.h7 1,17 1.57 1.59 1.85
Lyl 0.79% 0.332 0.03% o0.01 I 1.:18% 1.261
0.82 0.51 0.35 0.45 0,60 1.00
L1-Lp 0.169% 0.026= 0.0h1% 0.016% 0.126% 0. 116%
LT 0,151 0.057 0.031 0.057 0.053 0.090
Isolated Age in days 9 14 21 30 38 46 52 59 66 _7h
Flown Ly 10.311 8.12% 9.07% 8.58% B.29% 6.07% G.4h1 6.69% B.261 6.56%
2,56 __0.73 1.36 .79 1.04 0.6 0.37 0.32 0,49 0.77
L, 17.59% 18,155 25,205 21,88 21.11% 17.92% 12,48% 13,855 i5.60% 14.54°
3.13 0,03 3.00 2,42 2,75 2.7h 2.38 1.2 1.37 0.80
L1y 7.31% 10.03% 16.21% 13.30% 12,828 11.86% G.031 7.16% 8.65% 7.98-
1.51 1,37 4,17 2,00 2.74 2.61 2,38 1.09 1.38 1.h5
L,-L 0.706% 1.344% 3,328 1,586% 1.686% 2.120% 0.962% 1.072% 1.2902 1.309%
—T~——l 0.161 0.227 0.68 0.236 0.408 0.480 0.34k 0,152 0,227 0.242
1
Unflown L 7.80% 8.25% 7.97% 11.35% 6.61%1 6.021 4,665 s5.08% 7.u4E 4,89k
1.27___0.50_ _0.77 _2.58 0.67 0.27 0.3% 0.50 0.74 0.54
L, 8.56% 8.76% 9.11% 10.505 7.74% 5.361 4.88% 5.4 7,621 5.20°
o 1,09 1.05 1.25 1.98 11,02 1.58 0.49 0.3% 1.10 0.67
Lyl 1.02% o.511 1,16% 0.85% 2.38% o0.321 o.212 0.36% o0.01% 0.39%
0,41 0.70 0.62 1l.47 0.69 0.68 0.5! 0,46 0.57 0.37
Ll 0.204% 0.051% 0.129% 0.068% 0.376% 0.049% 0.070% 0,116 0.008% 0.077%
~— 0,115 0.074 0.075 0.203 0.113 0.11k 0.120 0.114 0.071 0.066




Table 43b:

The changes jn hacmolymph total lipids of firat and

sccond laberatory gencrations of Jedda locusts. (Mean s

First laboratory generation

Second labsratory generation

Age in days 27-39 28-40 41-53 59-70 16 29
Flown L 34,731 43,528 31.478 20.15% 7.562 19.112
2.h4 1.85 6.70 2.58 0.99 3.95 —-
L, 40.68%  51.875  38.73%  27.20° 16,512 30,00%
" _h,05 3.96 7.20 3,64 1.38 2,55
Lyl 5.951  10.64%  8.60%  7.006% 8,955 10.30%
2.24 2.7 2,16 2,48 2,02 .08
L,-L, 0.1665  0.25i%  0.320%  0.369%  1.375  0.89%
0.063  0.070 0,096 0,110 0,40 0,47
Ly
Unflown L 40,685  36.31°  27.00% 18.691 8.67> 13.37:
__5.07 378 0.87 3.13 1,45 1.12
L,  47.901  43.60% 29,272 17.82 8.51% 15.00>
8.0S 5.41 3410 3.38 1.73 1,35
L-L 7.223  7.301 4670 1.528  -0.159% 1.632
21 5.12 2.01 1.23 0.38 0.658  0.35
L,-L, 0.2512  0.1901 0.1631  0.060% -0.0161 o0.121%
~+—-% 0,043 - 0,047  0.039  0.020 0.090 0.023
‘1

Table 43c: The chanyes in haemolymph total 1lpids of males and

females collected in Mali, (Mean X S,E.M,)

Males Females
Flown L 4,865 4,29
0.78 C.39
L., 8.95~ 8.00~
< 2.20 2,06
L,-L, 4,042 3,138
1.60 1.77
Ll 0.79% o.712%
L 0.23 0.573
Unflowm Ll 6.15% 4.80°%
048 0.56
L, 6.56% 4320
0,78 0.56
L1 0,009 -0.482%
0.018 0.162
L,-t, 0.083% -0.109%
T 0.145 0.036




(c)

(D)

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 chinges-:

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 mohilized by locusts cof the regular laboratory
stock hut as a coasequence of the higher preflight Jipid

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

lipids after flight was lower but not statistically

significant than that of Groups 3 and 4.

Solitary males and females from Mali

Preflight or post-flight total lipid levels of flown
males and femwmales 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 followiag the time spent in the wiand tunnel.

First laboratory generation of Mali locustis

Males: There were no significant differences in preflight

lipid levels of flown isolated and flown crowded males
except on day 16, where crowded males showved 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. UnTlown
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 theic better flight

performance (Fig.39).

The amount of lipid mobilized into the hacmolymph

following flight (LZ—L inerecased in both isolated and

1
crowded males with a e ZFig.&B). 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 = 0.010 - 0.0605)

test days.

Females: Preflight total lipid levels did not change with
age in isolated females (Table 43d). In crowded fomales
there was an increase in preflight levels from day 10 io
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 crovded females, but no such differcnce 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 laryge 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



Table 43d:

The changes in hacmolymph total lipids of first laboratory

222

gencration of Mali crowded and isolated locusts. (Mean : S.E.M.)
Crowded Isolated
Aqe in days 10 16 26 19 7 14 21 30
Males Flown L, 4,885 8,715 6.7t 8.77% 3,555 6,27 6.36%  6.08%
0.16 0,48 0.73 0.72 0,29 0,64 0,45 an
L, 10,801 16.68> 19.80% 23.13% 1,928 9,89%  12,82%° 7 16,462
2,11 2,08 1.33 5.99 1.48 1.03 2,45 haaa
-1, 5.928 7,961  13.63% 14,578 - 0.06%  3.621 6.46% 10,332
“ 23 1.90 1.09 6.18 .27 1.10 2.09 4,12
L=, 1.230°  0,912%  2.310% 1,780 - 0,004~  0.6295 0.9731 1.1122
[ 0.60 0,219 0.291 0.9 0.077 .22, 0.258  0.592
1
Unflown L 12,975 13.14% .255  10.87% 3,985 6,66 7.95% 8,72k
1.78 1.1} 0.83 1.72 0.26 0.21 0.36 0,47
L, 12.97% 11.68%  9.231 n.16l 3.755 7,135 B.72f 9,562
1,90 1.27 0.85 1.91 0.19 0.36 0.58 0.85
Ly-lz L 1462 0,98 1.4t 0.04%  0.480 0.77%  neud
- 0. 84 0.11 0.31 0.03 0.37 0.50 1,16
L-l, - 0.1152  o0.1341  0.171% 0.018%  0.075%  0.100=  0.140%
Y 0.060 0.018 0.014 0,063 0.057 0.060 0,122
1
Age in days 10 16 26 39 10 17 27
Females  Flown L L.60>  7.75%  6.81%1  B.a7k 8.56  9.18%  7.86-
0.50 0.72 0.7h 033 1.03 0.58 0.66
L, 720 15,11 16,638 28,808 8,055 11,481 11,362
- 1.30 0,80 0.96 3.99 1,33 0.93 1.69
L=l 2.52%  7.361  9.83% 20.63% -0.51%  2.30% 3.50%
1.19 1.16 «26 3.93 0.12 0.66 1.8]
L-L, 0.562L  1,037%  1.563% 2,562 -0,0h9% 0,253 o0.435%
T - 0.257 0,258 0.341 0,49 0.109 0.074 0.245
2
Unf lown L, 9,77 11,428 7.33%  1,81% 8.31x 5.86X 5,761
1,99 0.82 1.59 1,23 1,08 0.48 0.77
L, 10,882 11,717 7,965 11.8ht 7.83%  6.05%  6.021
S 2,03 0.98 1.70 1.23 0.97 0.66 0.66
) L, L 1031 o0.291 0.631 o0.03 0.641  0.192 0.262
0.50 0.28 .21 0.85 0.77 0.39 . 26
Lo, O 1285 0.023%  0.104% o0.020% 0.0865 0.004% 0.060%
~[—= 0.072 0,02 0,043  0.080 0.100  0.060 0,052
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by crowded females were higher than thosce of isolated

females (Table 43d,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. N

Fat body drv weight

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

in first generation Jedda males (Table h&a), solitary males and fcemales

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

of Mali males and females (Table hhc).

(A) First laboratory gencration of Jedda males

(B)

(©)

The dry fat bedy weights of the first laboratoery generation

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

Table 15 in Chapter 4.).

Solitary males and females from Mali

Males showed significantly lower fat body dry weights
than females (p < 0.0001, Table 44b), but their total
body weight was also significantly lower (p < 0.0001,
Table 39c¢).

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 Iemales
p < 0.001 and for untreated males p < 0.001). 1Isolated
females have a smaller fat body although their total weight

was greater than that of crowded females, but it should be



Table bha:

I’at body dry weight of first laboratory

Table hhb:

generation of Jedda malcs (Mean L S.E.M.)

First Laberatory generation

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

I'Lown 1128 145t 1082 101t
L 14,6 18 10

Unflown 1298 137t 143d 1hot
20 20 25 15

Fat body dry weight of solitary males and females

collected in Mali. (Mean I s.E.M)

Males ~ Females

I*1own 5.0% 13.7%
(5) 1.1 : 0.6
Unflown 7. 4% 37.2%
(5) 3.0 13.3
+

Untreated 22,3~

(1) 4,0
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Table hhgi The wet body weijhit, dry body weight, fat body weight and
corpora allata volumes of first laboratory gencration of
Mali crowded and isolated locusts. (Mean L S.E.M.)
Sex Rearing Treatment Age No.of Fat body Wet body Dry body C.A. C.A.V,
condition animals  weight volume wet body
tested (mg) gm qm * weight
(1)
Male Crowded Flown 44 5 90.4% 1,05% o.k21r  0.78% 0,75
13.4 0.073 0.052 0.07
Unflown [ 5 89.k: 0.983= O.hh?: O.Bl:(u) 0.82
19.2 0.031 0.031 0.10
: (3)
Isolated  Flown 36 3 9.7% 0.814% 0.292% 0,461 0.56
2.0 0.015 0.003 0,04
(4}
Unflown 36 5 32l 0.825%. 0.3313  o.541  0.65
7.9 0.024 0.028 0.0h
. (5
Crowded Flown b4 5 a3t 1.4162 0.654%  o.72l 0.51
7.1 0,044 0,021 0,07
. 6)
Femal (
emale Unflown A 5 2502 1.331% 0.6255 0.81%  0.61
19.2 0,037 0.026 0.05
(7)
Isolated  Flowm 25 3 ) gh.2l 1.740% 0,663 1.04%  0.60
) 5.2 0.027 0.022 0.03
Unflown 35 3 ;
(8)
Isolated  Untreated 41 5 37.8% 0. 8323 0.333% 0.48% 0.58
} /
Male 4,4 0.018 0,009 0.0% -
Crowded Untreated 41 5 102.3% 0.995% 0.378 .63t V0,63
. 8.7 0.055 0.027 0.05

*Comparis

on of means:

1-3 p 0.001
N.S.
0.025
N.S.
0.001

2-4
6-7
8-9
4-7

P
P
P
p
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remembered that isolated females have been ovipositing
while crowded females showed marked oocyte resorption,

before being killed.

Corpora allata volumes

The volumes of the corpora allata were measured by the

method described in Section 2.12), in first laboratory generation

Jedgg males

locusts  of crowded and isolated males and females (Table 4ic).

(A)

(B)

{Table 45 ) and in first laboratory generation of Mali

Jedda locusts: TFirst laboratory gceneration males

The average values of corpora allata volumes of unflown

males of Groups 1, 2 and & 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 males.

First laboratory generation of Mali locusts - jisolated

and crowvded inales 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

(p € 0.001). The differences betwecen untreated

crovded males and untreated isolated males were not
stétistically significant. 7The 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 averaie 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% differences were minimized;

the only large difference remaining between crowded and

isolated males.

1))



Table 45: The corpora allata volumes of first laboratory

generation of Jedda males in arbitrary units.

(Mean % S.E.M.)

Age in days 27-39 28.40 L1-5% 59-70

Flown 0.620%  0.718% 0.706% o0.592%
0.091  0.025 0.062 0.08L
Unflown 0.794X  0.806% 0.708% 0.766%

0.078 0,094 0.075 0.082




J2.2.8 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.

(n)

(B)

12. 2. 9

Jedda locusts : First laboratory generation males

L.

Wet body weight:

There were small, statistically insignificant
differences in wet body wcight of the four tested
locust groups (Table 4G} The wet body weight of
Jedda stock males was slightly lower, but o
statistically not significant, than that of laboratory

stock locusts (compare Table &6 with Table 13).

Dry body weight:

Flown males of group 3 show the highest value,
although differcnces were not statistically

significant,

First laboratory gencration of Mali locusts

wvet body weight and dry body weight

Isolated females showed a significantly higher wet

body weight (Table Akc)than crowded 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.

Morphological measurements of locusts used

in the various experiments

Measurements of the length of elytra (E), femur (I") 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 hG: The wet body weight and dry body weight
of first{ laboratory generation of
Jedda males. (Mean & S.E.M.)
Age in days 27-39  28-40  41-53  59-70
Wet - Flown 1.0295  1,052% 1.080% 1.o0%ol
2 . « 06/ .
body 0.03 0 037+ 0 06;+ 0 o&o+
vejane Unflown 1.052%  1,021% 1.067= 1.081%
ght 0.037 0,025 0.060 0.0h2
Dry Flown 0,490  0.505% o0.512% 0.469%
0. > 2 .O? °©
body 008+ 0.0 5+ 0 )74 0 021+
weidht Unflown 0.533- 0.480- 0.488~ 0.483~
9 0.025 0,017 ©0.026 0.030

N
AN,
O



are presented in Table 47 . Results obtained by Birsh (1951)

are presented in Table 47 for comparison,

Males taken from the laboratory stock showed the lowest
F/C ratios, similar to those obtained by Dirsh of gregarious

laboratory males.

Locusts originating from a Jedda population of the first
and sccond laboratory generation, showed similar F/C ratios and were
not significantly different from those obtained by Dirsh for a

solitariocus population. -

Locusts obtained from a field population in Mali, showed
F/C ratios similar to thosc 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 increasec in the average F/C ratios. The first laboratory
female locusts reared in isolation shawed a reduction in the F/C
ratio from thal of female parents. Since the samples were very small,

changes could only be described by trends.



Table hz: Morphometyic measurements and ratics of locusts originating from

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

Number Sex Elytra  Femur Frons Ratio
of locusts For M (cm) (cm) (cm)
tested E F [ F/C
Loboratory stock locusis 10 M 4,775 2.}51 0.76: 3,112
: 0.07 0.03 0,01 0.03
Tedda locusts
1. First laboratory 5 M 4,552 2,412 0.678 )  3.55
gencration 0,06 0.03 0,01 ) 0,04
5 M 4,60 2.m7%  o.mE ;
0.03 0.03  0.0L )
5 M h,55t  2.421  0.69% ) 3.58%
0.05 0.05 0.C2 ) 0.06
5 M 4,50% 2.4k~ 0.67 2
0.04 0.03  0.001 ;
2, Second laboratory 5 M 4,685 2.43%  0.67- 3.60%
generation 0.05 0,04 0.0} 0.06
9 M 4,51 2.39%  0.65% 3.67%
0.03 0.03 0.0l 0.05
5 F s.358 2,728 0.762 3.59%
0,02 0.04 0.0l 0.09
Mali locusts
1. Ficld locusts 5 N 3,798 2,111 o0.58% 3.65%
0.12 0.06 0.01 0.05
5 F L1t 2,98 o0,78% 3.83%
0.19 0.26 0.05 0.26
2. Firﬁt laboratory
generation R . . .
a. Crowded 6 M L, 77~ 2.41~ 0.69~ 3.53-
0.06 0,04 0.02 0.10
b. Solitary 6 M Lt 2,450 o.62% 3.952
0.07 0,04 0.01 0.09
5 M 432t 20380 0.64% 3.76%
0,04 0.03 0.01 0.04
5 F 456 2,980  0.85% 3.51%
0.09 0,04 0.01 0.02
Laboratory stock locusis
Dirsh (1951)
a. gregarious M 2.981
0,008
F 2.862
0.007
b. so)itarious M 3.6h:
0.010
F 3,49~

0.011

N
8}
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CHAPTER 13

GENERAL DISCUSSION AND CONCLUSIONS

13.1 The effect of allatectomy on flight behaviour

Allatectomized males of L.m.migratorioides show lower

flight performance than controls, when flown on a roundabout (Wajc
19695 Wajc and Pener,1971). Michel (1972) has shown that allatectomy
affects mostly poor flyers of S. gregaria and claims that the corpora
allata do not control flight. However, Goldsworthy, Johnson and Morduc
(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)19?3); in a wiad tunnel. Each locust
was suspended from the lower end of a sensitive vertical penduluun,
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 1ift" (Weis-Fogh,1956). Relative lift was mecasured
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 1lift 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 suspaeaded

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 deterumining
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the wind speed at which thg extra wind drag equalied the thrust and
this was the flying speed éf 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 movemant of the suspension
arm indicated accurately the 1lift force. In the flight bslance used in
the course of the work described here, such precautions were not taken.
The suspension arm may have been displaced from its veriical position
by a combination of wind velocity and the flight performance of the
locust. Therefore, 1lift 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 hamperiay weight
may have a resonance component influencing performance (Pctcrs,lQ?l;

Cosens and Callow,1973).

Locusts flown on a roundaboul experience centripetal forces
and other forms of sensory inputs, not associated with the more natural
form of free flight. All the experiments reported by Waje (1969),

Wajc and Pener (1971), Michel (1972) Goldsworthy, Johnson and Mordue
(1972), were carried out on locusis suspended from roumdabouts. 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
roundabont were high, thus the wind velocity experienced by the locusts
suspended on the roundabout was high. If the locust (or locusts)
suspended on the rouhdabout 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 (1963). 1In
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 seriss of experiments (Series 2), only one locust was

— —
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suspended firom the roundaboui at any time. Results of the two
experimental series showed that differences between allatectomized

and couitrol locusts were significant in experiments of Scries 2

but not in experiments of Series 1. 1In Secries 1 the four locusts
suspended at the same tiue 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 revoluticns recorded by
the roundabout. This made interpretation of results difficult. -
In Series 2 the rouandabout contiaues to rotate so long as the locust
suspended on it, was flying; although itis 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 ¢f 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, 1966¢c; Strong, 1968; Walker and
Bailey,l971a). 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, 197la; Hill, 1972), so that lipid

o
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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. gregaria. 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 Odhianbo 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. migratoricides. 1t has been shown by

Pener and Wajec (1966), Wajc and Pener (1969) using quantitative
observations and recording methods, 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 allatcctomy affects sexual behaviour in L.m. migratoriocides

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 proposced by Pejer
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 (1999) 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 thau unflown coutrol allatectomized males. Flight did not
affect the longevity of sham operated coatrols, Strong (1968)showed
that enforced locomotor activity of allatectomized males can prevent

a certain amount of fat accumulation. If longevity depends on the



fat accumulated, this may explain the shorter life span of flown
allatectomized locusts reerted by Wajc (1969) and Wajc and Peuner
(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 (1903) 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 Tlight performance of
allatectomized and countrol 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 scrves both as a stimulator (Weis-Fogyh, 1950; Cambi,
1969) and a component in the aerodynamic forces. Lift was shown to

depend on the wind on the surface of the wings. (Weis—Fth, 1956).

. s A -1
Three wiid velocities were tested initially; 2.0 wms 7,

3.1 ms_l and 3.9 msnl.

Since the relative lift was recorded as a percentage
change in weight, it was of importance to mecasure the preflight and
post-flight weight al the three differeat wiad velocities. Weight loss
during the experimental flight period was not affected by wind velocity.
This weight loss was probably maianly due to dehydration as younger
locusts tended to lose more weight than older ones, although their
flight performance was not higher. Some wcight was losi by
production of faeces, but liltle could be atiributed 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_l and 3.9 ms—l) as locusts were more reluctant

to fly at the lowvest wind velocity (2.0 ms—l).

Analysis of the various experimental series lead to the

following counclusions:



1)

2)

3)

l)

The rclative lift produced by a flying allatectomized locust
does not differ significantly from that produced by a flying
sham operated locust. On most occasions values were less
than 100% relative 1ift.

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
Jocusts on most occasinas, indicating that variation between
treatments was as large as variation in performance of locusts
within each treatment group.

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_l. Locusts of the two treatment groups produced
higher average 1ift values whea flown at 3.9 ms_l than

wvhen flown at 3.1 ms_l.

Allatectomized males flowy at 3.1 ms—1 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 e

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_l spend slightly more time in

flight than those flown at 3.1 ms~l.

Flying the same locusts at the two wind velocities (3.1 ms-l
and 3.9 ms-l) enabled individual comparisons of performance

(Chapter 3).

Sham operated locusts tend to produce higher 1ift values

-1 . .
when flown at 3.9 ms 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



ratios, This laryge indifﬁdual variation was also mentioned by

Waje (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 tihz other. It is thereforec 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 experimantal results that

may not apply to many biological or behavioural svents.

From the above analysis of flight,it is evident that
allatectomized males are capzble of flight performance siwilar to
that of coatrols in certain conditio.s. This may indicate that
the functional system in allatectomized males is not fully affected,
and the differences in behaviosur revealed under fine analysis may
lie in the general behaviour controlled by higher nervous centres.
The inter-relationships between the corpora allata and newosecretory
cells in the brain has been pointed out by Highnaom and Haskell (1964),
Michel claims (1972) that the median neurosecretory cells of the brain
control flight in S. gregaria. This view was coutzsted by Goldsworthy,

Johnson and Mordue (1972).

13.2 The Deveclopment of implanted, allatectcmized

and conlrol locusts:

The rate of development in locusts is influenced by several
factors, among others foond, temperature and crowding conditions
(Uvarov, 1966). 1In L. migratoria and S. gregaria, the presence of
mature males will affect the rate of development of females

"(Norris,1964).

It was also reported that allatectomy and implantation of
extra corpora allata may affect the rate of growth (Walker and
Bailey,l971; Poels and Bcenakkers)l969; Hill)l972), although
Strong (1968) reported no éffect in allatectomized locusts. It was
therefore decided to follow the rate of development of locusts under
the experimental conditions used ia the cowrse of the present
work. Sexes were usually kept in separate cages and temperatures

were lower than those employed in the general laboratory breeding cages.

A
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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 femules
the effect may be due to the enhanced rate of development of ococytes

in implanted females or absence of oocyte development in allatectomized
females. Maturation of females is also associated with increased

water content (Strong)l966) 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.
(Poels and Beenakkers, 1969 ; Johnson; 1972?Ddhiambo (19G66¢) reported
that implaniation 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 ococyte development as the weight of the
fat body is reduced once the cocytes start to develop (11ill; Luntz and

Steele, 1568).

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 accumuldtion in nllatectomizedlk:ﬂy migratorioides. Wajc and
Pener (1959) challen;jed Stroug's conclusions and showed that the
assunption madeé by Strong were not accurate., Wyjc and Pener (1971) and
in the present work, it was shown that, at least under certain
experimental conditions, flight performance of allatectomize.l 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 wutilization, 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

¥a)



leading to lipid accuwmulationg

(1) Allatectomy of S. gregaria 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
irtensive feeding, no accumulation occurs in the fat body.
(2) The fal body of allatectemized 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 becane active in adult locusts
towards the cuad of the somatic growth period and J.H.
can be detected when the period of intensive feeding
begins {to decline which is also associated wiih a decreasc
in the capacity of the fat body for lipogenesis,
(4) Direct suppression of lipogenesis may result from
addition of homogenates of C.A. Lo in vitro incubaﬁions

of the fat body.

In addition, indirect evidence on the control of the J.ll.
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 probhably
due to an adipokinetic hormone present in the glandular lobes of
the corpera cardiaca (Goldsworthy, Mordue aud 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 locusts,(Goldsworthy, Johnson and Mordue, 1972;

and the present work).

In the present work it was shown that on most occasions,
repecated flight experiments may cause somc reduction in the fat body

dry weiglht.

240
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The corpora allate volumes were measured in implanted
and control locusts in addition to the other parameters already

discussed.

The size of the corpora allata depeuds on the proper
nervous conuections with the brain in S. gregaria (Highnam 1964),
in S. paranensis (Strong, 19065a). Cautery of the ncurosecretory
cells prevents normal cnlargement of the corpora allata (llighnam, and
19643 Strong, 1965a). The activily of corpora allata in
L. migratoria depends on the median neurosccretory 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

Lem.migratorioides. Sectioning of the NCALl causes a reduction in

C.A. volume, but the activity of the smaller glands did not differ
from that of the contrel glands. This supports the clain of many
workers (see the lﬂiﬁoduction) that the size of the corpora allata
does not always correlate with its activity. On the other hand,
sectioniag of the NCC did not affecl the C.A. size. Staal (1961)
suggests that neurosecrction from the brain may reach the corposra
cardiaca via other nerves i.e. the hypocerebral ganglion. However,
Goldsworthy, Johnson and Mordue (1972), have shown that secctioning

of the NCC1l and NCC2 causes a reduction in the size of the cotpora

allata in S. gregaria.

Implantatlion of extra corpora allata 24-48 hours after
the moult to the adult, inhibits the norimal enlargecment 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 egys
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 onvsexual 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.ll. directly controls the

synthesis of the femnales specific protein. Thomsen and Mgller (1963)
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have shown a dircct contrgl of the corpora allata en protease

activity in the gut of Cafliphgtg. In locusts (Hill,1972) the problen
has not been yet resolved. The neurosecretory system of the brain

may be activated by relecase 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 ncurosecretion and J.H. However, the host C.A. need not be

switched on by this increase in activity, since it may well be that the
C.A. activation factor (if oue 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 enlacyging due

to the presence of a high J.H. titre, produced by the implanted glands,
As the activity of the implanted glands gradually decreases (Peneor

and Broza, 1971), the activity of the host glands increases and their
volume increases. Alternately, it was shown by Johnson and ill

(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.l. titre in the haemolymph, and not
only on the proper nervous connections with the corpora cardiaca or
the neurosccretory cells of the brain. This m2y apply oaly if C.A.
are implanted a short time after the adult moult, since Johnson

(1972) has shown that at least in males ol Lem. migratorioides, the

size of the glands increases throughout the adult life.

13.3 Flight performance and the changes in haemolvmph

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.

Blicher and Klingenberg (1958) have found that the
concentration of trehalose, glucose and glyceogen fell considerably

during a two hour flight period. Beenakkers {1965) found that the



concentration ol fatty acids increas

flight muscles after six

reported that the incirease in total

after flight was associated with an

also Gilbert,1967), Flight muscles

hours of {iight.

el in the hacmolywmph and in the
Mayer and Candy {19067)
fatly acids {(TFA) in the hoecaolymph

increase in diglycerides (sce

utilize palmitic and oleic acid

during flight, since their increased coucentratien mainly contributed

to the increase in TFA of the haemolymplh (Beenakkers,i965). Mayer
and Candy (19G9) reperied changes in levels of ammonia and various

amino acids in hacmolymph following flight, Kirsten et al (1963)

found that proline levels in {light muscles fell during a two heur
filight period. levels of glucese,glycogen and irchalose were also

1969). Tietz (1962) reported that fat

affected (Mayer and Candy,

body in vitro would release glycerides into the media and the amount

of glycerides releascd was rclated to the amount of haemolymph added

to the media. This may bo due to the addition of proetein recoplors

or to the prescnhnee of o hunoral factor.

it i= known that fal stores in the flight muscles ave small
(Beenalders ,1965).  Fat is stored in lhe fat body mainly as

triglycerides, which arce troeleasced into the hn mulyuuﬂlcuﬁlig15curiﬂns

in the form of lipoproteins (Pcled and Tietz,1973). Gilbert (1967)

postulates that hacmolymph diglycerides are senparated from their

protein carriers as they move intact into the Tlhight muscle, whereupon
the fatty acid is cleaved from the glycerel ester and oxidized in the

flight muscle sacrosomes.

The main component of anthrone positive total carbohydrates

in hacmolymph is Lreohalose (Goldsworthy, 1969). The coacentration

of trchalose in hasmolymph is greatly reduced after flight (Mayer and

Candy)l969; Goldsworthy Johnson and Mordue 1972).

The hacwmolymph serves as a transport media from the fat body

to the flight muscles, bowever;changes in the haemolymph during or

following flight may not reflect all the events taking nlace in the

flight muscles or the fat body.

The changes in total carbohydrates and total lipids in

haemolymph following flight, were stuadied in meles and females,
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The inter-relaticnship between flight

> and development in the adult
locusts was followed by testing locusts at various periods tlhnoughout
life. Usually the same locusts were tested on successive experimental
days. The effects of nllatectomy and extra corpora allata
implantation on Llight ondd the changes in total haemolymph carbohydrates
and lipids was followed in locusts of varisus ages. Results reported
in the literature, werc usually based on limited age groups and usually
locusts were tested only ohcee

Locusts were flown in a wind tunnel with the wind velocity at
3.1 msnl and their flight performance, scores recorded by constant

observation metheds (sce Chapier 2, Section 2.3).

Prefiight totsl carbohydrate levels in hacmolymph remained

quite steady throughoul life}cxcopt that they were lower in very young
locusts (6 days old),ov licher in very old onez.  The levels found in

the course of thiis work showad large variations and sometimes were double
the levels reported by Goldsworthy (1959) and Goldsworthy and Mordue
(1969). This may Le due ito differcuces in foed (Hlansen, 19064) and/or
rearing methods. Large wvooriabions wore aiso found between different
series of experiments. Thilavels off total carbohvdrates in femaies

were similar to those of uwnles and were not affected by age-

Preflight tolal lipid Jevels were found Lo be higher than
those reported by Beenakkers (1965), but this may be related to the
different methods employed in the lipid determinations. Results were
similar to those reported Ly Goldswoithy, Johnson and Mordue (1972).

In males, preflight levels 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 closcly corralated wilh the state of sexual maturation
and flight performance in Loth sexcs. In fewales and males a gradual
increase in flight perforiiznce scores was noled with the onset of
sexual maturation. In wmalas, improvemsut in £flight performance could
be correlated wilh the ond of the somntic growth period and the
development of the yellow colouration, while in females flight
performance scorcs increased from the end of the somatic period until

the first egyg pod was laid.

A
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Michel (19069) ppinted out that in 3. gregaria females
laying cggs wore reluctnu% to £ly inmmediafely before and afier
egg laying. In addilion, on most occasions, fenales flew for
longer periods than males. These observations were confitmed for

Locusta in the experimncuts reported here,

lepeated testing of the sawe locusts did not affect
thei~ performance, as locusts tested only cnee in their lifetime
had similar experimental results. It is known that the amount of
lipids in the fat body is depleted durinyg oceyte developmount {§1ill,
Luntz and 3tcele, 19068). As meuntioned carlier, diglycerides are
transported from the fat bLody to the flight muscles following
Llight. It is not known whether the same lipids or the same sites
are involved in these prucesseé, malkiing them competitive. It may
also be possible that following fTlight, the flight muscles may be
capable of #drawing” upon the "pools' of lipids present alrendy in
the haemolymph so thal addibionni lipid ia ovof transferred iroem the
Tat body into the haewmelymph after a short pevriod,foliowing flight,
It was noted that larger increasces in amcunts of lLipids.in ifhe

hacemolymph fellowing flight occur in males.
y 9

Care should be taker in the interpretation of resulis
presented as a percentage change, since the percentage decreose in
total carbobydrates as the percentage incrcease in total lipids
depends ou the preflight levels, which may vary wilth age as shown
in the present work. The actuai amounts mobilized or depleted

arc on most occasions, little ailected by age.

The percentage change in total carbohydrotes in the
hacmolymph, follewing tTiight was found to be similar to the
values reporiced by Goldsworthy, Johuson and Mordue (1972). The
highest percentage chanue in total haemolymph lipids in males was
fouad to be higher (2382 44.5) than that reported by Goldsworthy,
Johnson and Mordue (lSB.Zi 33.5). Tlight performance cannot be

N

compared dircctly, in the two cases, due to the different methods

employed in flying the locusts,

In the experinents reported here and by Goldsworthy,

P

Johnson and tlordue (1972), a large individual variation is noticed.



This has also been reported previously (Waje and Pener, 1971) where
it was also notaed that the performance of the same locusts may vary

significantly from one experimental day to the cother.

It should be posinted out that the volume of the hacmolymph

increases with age in locusts (11i11, Luntz and Stecele, 1968; Johnsou,

1972). Although small changes in Lotal carbohydrates werre noticed
before and after {light at the different ages, the total carbohiydrate
"pool" increases with age. Tn o similar way, the actual amounts
available of total lipids to the flight muscles, were much higher
than thosc indicated by an increcasc in their concentration.
Determinatisns of haemolymph tetal carbohydrates and total
lipids were carried out on Tive locusts [lown o time, within a wind

. . . -1 < .
tunncl at a wind velocity of 3.1 s ~. The flight performance of

the locusts was scored by itwe methods.  Tho two methods of scoring are

-

based on thc time the locusl flown spent flying during the 30 minate
flight period., No direccit moasurcenments of cenergy expediture

werc taken of the flying locusts. All locusls that Lflapped their
wings werce given equal scores, whether they spent more energy in
flight (such as producing higher 1ifi values) or not. These methods
werc capable of showing tuce flight tendency of the locusts. Young
locusts usually showed low scores, wvhile sexually mature ones showed
high scores. Resulls may be mislending in old locusts. Older
(usually over 40 days old) locusts do pol exhibit 1he quick, sharp
and agile movemant characleristic of young sexual mature locusts.

It was noticed that cnce old locusts start flying and are "locked!
in flight positioang, they keep flapping thelr wings sometimes at low
wing beat frequencies. Such performancee will still score highly in
the methods employed, although the actual energy output of the
fl&ing locuét may be low. The two methods, though, were adequate
for quick and casy assessment of thoe individual flight performance
of a few locusts flown at the samc time; thus enabling individual
determinations of the changes taking »iace in haemolymph total
carbohydrates and total lipidé following flight. The measurements
made on filown lecasts were compared o those wade on similavly

treated unflown locusts.
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13:3.2 7The correlation between total carbeohydrates

and total 1lipids and Tlight periormance

A multiple regression was carried out on the pooled
results of various experimenis of males and femiles ol 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 hacuwolymph following flight and the decrease in
the amount of total carbohydrates in the baemolymph Tollowing flinht,
were significantly related to cach other in males. In females,
no statistical significant relatiounship was found between the
increased amount of total lipids and the decrcascd amount of toial
carbohydrates following f{light., This may be related to the Tacl that
the preflight levels in females were affected by age, In males no
such effecct of age was noticed. This suggests that the encrgy
utilized by the flight muscles determines the changes ialking place
in the haemolymph of total carbohydrates and total lipids. 7This ig
in accordance with the recent report by louben and Beenakkes: {1073)
that the increasze in tetal lipids in the haemolyvmph Tollowong Tiiahl
depends on the haemolymph trechalose levels. Although ivn Lhe resont
work, no correiation was found between preflight total cartabylvic.e

levels and post-filight lipid levels in the hacmolymph.

13.2.3 The changes in_hacmolymph at variocus

periods after flight

Mayer and Candy (1909a) showed that injections of corpora

cardiaca increases the lipid levels in the haemolymph uvp te 2 hours

247

after the injection was made. A mcre pronounced effect was demonstrated

by Goldsworthy, Mordue and Guthkelch (1972) who injoétud oxtracts of
the glandular lobes of the corpora cardiaca. The effccl they

o

reported lasted for 4~5 hours. Since it was proposcd (Mayer :nd
Candy, 1969a) that flight facilitates the reclease of the adipokinetic
hormone from the corpora cardiaca, it was of interest to follow the

changes taking place in the hacmolymph aftcer flight has =stop:ed.
It was found (Chnp@gr 9) that the lipid levels in the
haemolymph were still significantly above the preflight levels,

three hours-after the termination of flight. I1If a hérmone is relcoased
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during flight, the =low r%turn of the post~flight levels to the
preflight ones may be attributed to the slow breakdown or oxcretion
of the hormone involved as sugjested by Goldsworthy, Mordua and
Guthkcleh (1972). This slow process may also contribute to the

restoration of [at stores in the flight muscles.

he total carbohydrate levels in Lhe haemolymph were
affected for only a briefl period after flight and no effccet of

flight was noticed 30 minutes after light has stopped.

13.3.4 The effcct of allatectomy

The flight performance of allatectowmizoed males may be
indistinguishable from that of controls umder the appropriate
stimulatory conditions. This has been discus=ed in an earlier scction,
Determinations of haemolymph total carbohydrates and total lipids
were carried out on allatectomized and sham operated locusts flown in
a wind tunnel at a wind velocity of 7.1 ms . Five locusis wore

flown at the same time and their flight performance was recorded by

two methods (see discussion in Section 13.3.1). In these oxporvimental

conditions, the flight performance of allateclomized locwsts did not
differ significantly from that of sham opercated conirols. In the first
experimental scries, where flight experiments comeenced on days 7 or

9 after the moult in allatectomized and shoam operated locusts,
respectively, a large increcase in the flight scores was observed in

the older locusts of the two groups. In the sccond experimental series,

~s

vhere flight experiments commenced at the aje of 38 days, flight scores
of allatectomized and sham operated locusts were relatively high
(97-132 out of 180) and fluctuated slightly with age., The higher
scores in older locusts may be attributed to zome extent (o slowness

or lethargy of ageing locusts (sec discussion in Scction 13.3.1.).

Allatectomy did not affect preflight Lotal carbohydirate
levels, the amount of total carbohydrates depleled from the
haemolymph or the percentage change in total corbohydrate levels,

following flight.

o
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Allatectomized %alcs showed a gradual increase in their
preflight haemolymph ftotal 1ipid levels upon ageing. The changes
taking place in the haemolymph total lipids following flight were
usunrlly 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 scems then, that allatectomy does not interfere with the
lipid release from the fat body following flight. Similar
conclusions werc 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 sligiatly higher than that of controls. In addition, these

workers showed that the amount of lipid mobilized by allatectomizerd

‘e at which allatectomy 1is performed,

Se gregaria depends on the a
The percentage change in blood lipids was low in 20 day old males,

if allatectomy was performed 4 days alter the moult, but was high

and if males were allatectomized when they were 17 days old., These
resulis are probably related to the fact, that flight performance wvas
low in 20 day old males if they were allatectowized 4 days aflter 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 shewn, 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 Hordue (1972), may suggest that allatectomized locusts are

more sensitive to corpora cardiaca adipokinetic hormone.

Recently, it was reported (Goldsworthy, Mordue and Johnson,
1975) that the amount of the adipokinetic hormone in the glandular

lobes of the corpora cardiaca, was not affected by allatectonmy.



15,%3.5 The effect off implantation of extra corpora allats
\

implantation of twe pairss of corpgorn allata 24-48 hours
after fledging, cnhances the onset of sexual axtnration in males and
females. Implanted males show an enhanced rate of onsei of yeliow
colour, while females start to lay cags at an earlier age. Somatic
growth is not affected by implontation. The life span of implanted
males is shorter than that of sham opcrated controls (Pener and Wajc,
unpublished results). Michel (1972) has reporied that injection of

juvenile hormone mimics increases the

(%

extracts of corpora allata or

}

flight duration of S. gregaria for a limited period of 4 to 12 days

after treatment.

In the experiments carried out in the course of the present
wvork it was shown that 5 day old implanted males show higher flight
performance scorcs than operated oncs and this may be associated with
the phenomena of enlianced sexual mutufﬁtiou. Preflight lipid levels in
implanted females increase at an carlier age than in controls and
variations in these levels begin with the onsel o egglaying. These

effects of the cerpora allata are long term in comparvison (o

reported for corpora cardiaca adipokinetic or hyperglycacaic
(Mayer and Candy, 1969a; Goldsworthy, 1970; and Goldsworihy, Morduc 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 coasequently an enhancement of those phenounna
that are associated with naturation, such as the increase in {light
performance; the increase in preflight lipid levels in the baemolymph
of females; the increase in the amount of lipid mobilized; which occur
at an earlier age than in coatrol locusts., The effect of ithe

implanted corpora allala may be a dirccl one on the target organs,

such as ovaries, testes, fatl body, cuticle, Fiight muscles etec. or

an indirect one, by activating the hosts neurosccretory sysiem (sce

discussion in Section 13.2).

13.4 The effect of implantation of corpora allata

allatectomy and winid velocity on wing heat Ircquency

Kutsch (1971, 1973) reported that the wing beat frequancy



of flying locusts increasgs during the first few weeks of adult life
‘ .

in L. migrateria and S. gregaria.  Lecusts reared at higher

toemperature  that showed faster rate of development also showed faster

achievoment of maximum rate of wing beat frequency.

The corpara allata are of great importance in sekual
matutration. Males and females implanted with C.A. show enhanced onseot
of sexual maturation and achieve higher flight performance scores at
an carlier ayge than the control locusts. On the other hand,
allatectomized males do not show any sexual maturation and their near
normal f{light performance is certainly due to the effects of external

stimuli dwring the flight performance.

It was found that allateectomized, implanted and contral
locusts achiceved similar wing beat frequencies, but there was no

effect of wing velocity on the wing beat {requency.

The increase in wing beat frequency occurs duriag the
somatic growth period of the locust, where the corpora allata may have
little offcct (11ill, 1972). Johnson and 11ill (1973a) reported that
although J.. was detected in the haemolymph of the adult immediately
after the final wmoult, no hormone could be detected until two doys
prior to onsel of sexual maturation. Implantation of extra corpora
allata enhances sexual development but does not affcct the somatic
growth peried, allhough direct cffects of the corpora allata on the
development of flight muscles were rcported by Minks (1907) for
allatectomized locusts and by Poels and Beenakkers (1969) in implanted
locusts. Tt 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.



The action of the cercbral neuroseccretory 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 haemolymph.
Various other biological factors were isolated from the glandular
and storage lobes of the corpora cardiaca. (Mordue and Goldsworthy,
1969). A hyperglycacmic 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 bedy, the glandular lobe heing twice as potent as the slorage
lobe. A diuretic hormone was found to be present in the storage
lobes of the corpord cardiaca and an anti diuretic one in the
glandular lobes. Corpora cardiaca extracts incrcase the heart beaf in
locusts. Extracts from the storage lobes producing an increasce in
frequency and in amplitude, while the glandular lobe extracts increasec
the heart beat frequency but decrease the amplitude. At the present it
is not known whether the same corpora cardiaca extract fraclions have
multiple functions, or whether each function is controlled by onec
fraction. It has been shown (Mordue and Goldsworthy, 1969) that a
region of eluantes from Sephadex gel filtration containing the didretic
hormone, also affecls the rate of beating of isclated hear pfeparations.
In a similar manner, the anti-diurctic fractiens affect the heart beat.
- Both fractions have an effect on lipid mobiliration. The doses involved
in bringing about the various functiouns vary greatly. Injections varying
in conceatration between 3§ to 1 gland-pair per aniwal will affect fat
body phospharylase, incirease excretion, increase haemolymph total
carbohydrates and increase heart beat frequeQCy. In comparisort, only
0.01 of a gland-pai~ is needed for elevating blooﬁ iipids. The mode
of relecase of these hormones in vivo is yet unknown. lMordue (1972)
suggests that the diuretic hormone is released by the feeding stimuli.

It has been suggested (Mayer and Candy, 1969) that the adipokinetic
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hormone 1is released during flight, since fractions eguivalent to those

of the corpora cardiaca are found in haemolymph 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 (light. 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 Guithkelch, 1972). Long term
effects are achieved by cauterization of the neurosecretory cells of

the brain, scverance of nerves and implantation of corpora cardiaca or

corpora allata glandds,

Although it is thought that the neurosceretion in the corpora
cardiaca.is wholly or partly synthesized within the nceurosccretory cells
of the pars intercerebralis, and therefore some iclogical dctivitj
expected from extraéts of the brain, little or no biological sctivity
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 ncurosccrctory 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 neurosccretory cells of the brain impairs
flight in S. gregaria. It has been shown by Geldsworthy, Johnson and
Morduc (1972) and Goldsworthy, Mordue and Jolmson (1973) that the
diuretic hormone relecase 15 controlled by the neuarosecretory cells of
fhe brain. Severance of the NCCl and NCC2 reduces excretion through
the Malpighian tubules for 2-4 days until regencration and formation of
"de novo'" corpora cardiaca glands arc foimed. It was also found that
the diwretic 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. migratoria
(Goldsworthy, Coupland and Mordue, 1973) and does not affect the
adipokinetic hormone content of the glandular lobes of the cotrpora
cardiaca (Goldsworthy, Mordue and Johnsorn,1973). Severance of the
NCC1l and NCC2 or removal of the glandular lobes of the corpora cardiaca

will impair flight. Thus, Goldsworthy, Coupland and Mordus (1973)
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showed that the glandular lobies are of ulmost importance in flight
and adipckinetic bormone veleasc Lrom the glandular lobes and not the

neurosecretory hormoites is ol primary importance duriuvg flight.

It is not known yet how the adipokinetic hormone is
released during or after flight. Mayer and Candy (1909) showed that
a few minutes of flight are sufficient for clevating haemolymph
total lipid levels. This occurred while haemolympit fotal carbohydrates
were not completely depleted | (sce alsc the experiments reporied in
the work presented hcre), 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 hacmolymph total carbobydrates utilized
duriﬁg flight. This suggests that the activity of the rlight muscles
controls to some cxtent, the amount of liplils mobilircd Irom Lha fat
body into the haemolymphs It is most probable thal the reteusc of the
hormone is brought about by a combination of the two mechanisms.  The
initial release of the hormoune may be due to sensory inpul occuiriiug
at the onset of flight, and the maintaining of the release by Lo

energy consumed during flight by the muscles.

Implantations of corpora cardiaca were carricd cut by
Michel (1972). Small amounts of corpora cardiaca hneurohaemal
lobes (storage lobes) taken from good flyers will promote susiained
flight behaviour. Large amounts from good or poor [lyers will
inhibit flight. JImplantation of corpora cardiaca which have been
without nervous conncctions te the brain for 15 days, has no effect,
Glandular lobe implantatiois have no effect, and so are neurohacomal
lobes taken Trom animals afﬁcr a long flight period of 135 hours.
Allatectomized males react in a similar manner to coatrols, after
implantation of corpnra cardiaca neurohacual lobes. Isolated locusts
scarcely react. The differences between Michelis workk and that of
Goldsworﬁhy, Johnson and Mordue (1972) and Goldswoirthy, Coupland

and Mordue (1973) is unexplainable at the present.



Implantation of corpora allata enhances sexual maturation
in the locusts and the onsel 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 fer about 12 days after implantation. Injections of J.l.
has a shorter time effect of about 4 days. In the prescnf 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 onc via the neurosccretory cells of the brain (see

discussion in Scctioal 13.2).

Allateclomy prevents full sexual maturation in males and
females. Flight pevformance was not affected in allalectomized
locusts tested for their haemolymph lipids and carbohydrates, under
the certain experimeantal conditions employed, It was confirmed
that allatectomy does not interfere with adipokinetic hormone release

after flight. (sce also discussion in Section 13.3.70«

Neither allatectomy nor implantation affected the wing

beat frequency. This and results discussced 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 cenires could be
affected. If the higher brain centres arce affected by hormones to a
varying exteat, hormones may affect general behaviour patterns such
as duration of flight and response to various external stimulatory

coriditions.’

13.5 Isolated and crowded locusts of various cultures

and populations

Michel (1970) compared the flight behaviour of crowded and
isolated laboratory locusts of S. gregaria. He showed that the

largest reduction in flight duration cf isolated locusts was obtained

N

[l

~e

e



within one generation. 1Isolation in subsequoent generations added
little to the effect of the first generation. Similar trends werce
reported for other phenomena such as aggregation and marching

behaviour of lhoppers (Ellis, 1962); ovariole number (Albreclhit, Verdier
and Blackith, 1959); adult morphometrics (llunter-Jones, quoted by
Uvarov 1966}; weight and fat body weight (Cheu, 1952); and oxygen

consunption (Pener, 1963).

P, Joly (1949} postulated a hypotihesis of hormonal control
of phase characters, involving the titres of juvenile hormone.
Implantation of corpera 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 morphomctric ratios. Staal (1961) supports this theory, although
he found that the effect of the corpora allata was not always as
definile and consistent as the effects of isolation. It was regovded
that the striking morphological differences ioted by isolation also
reflected differences in physiology, endocrinology and behaviour of
locusis (Uvarov, 196G)., Swarms consisting of locusts exhibiling
solitarious morphology have been reported (Z., Waloff, 1960). lrggregate
behaviowr 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 coasidered to

demonstrate lower activity.

The morphological differences in various geographical

populations cf Locusta migratoria have been discussed by Uvarov (1966)

and their physidlogical aspects by Verdier (1970). Laberatory 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 cclour of solitary locusts, but are bound to be of
the transjent form (Uvarov, 1966) and not as solitary as the ficld

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
§. gzggggigjhowcvcr)the differences in technique must be emphasized,
If the differcnces between the two phases lies in the threshold of
their reaction to external stimuli, as suggested by Uvarov (1966 ) then,
in the experiments reporied here, the locusts were flown in a wind
tunnel at a coustant velocity of 3.1 msnl, the wind stimulus nay have
been above the critical threshold and therefore thé 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 (light of isolated locusts (Schacfer, 1970) and the

forimation of swarms consisting of morphological solitarious locusts.

Isolation did not affect the preflight total lipid or
total carbohydrate levels in the hacmolymph. In iseolated locusts,
larger amounis of total carbohydrates were deplceted from the haemolymph.
The average increase in the amount of total lipids in the hacinalymph
following flight was greater in isclated locusts. A similar phenowons

wvas reported in allatectomized locusts, where the average increase in

total lipids is higher than in controls (see Discussion in Section 13.35.4.).
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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 fait content of the flight muscle is also smaller,
this may cause an increase in the dependence of the flight
muzcles on hacmolymph "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 fai body is greater than

its utilization by the flight muscles larger amounts of
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lipids will be dptected in the haemolymph. As will be

seen in the foll%wing parts of the discussion, Mali field

locusts show little change in total lipid levels followiiyg

flight and exhibit swall fat bodies. This does not exclude

the pessibility that the fat body of isolated laboratory

locusts may be more scnsitive to the adipokinetic

hormone, than crowded locusts.

The life span of isolated locusts was longer than that of
crowded ones {(prescnt work and Pener and Wajc,unpublished resultsb

although directly contradictory results have been reported by Uvarov

(1966).

Crowded locusts bred in the laboratory from locustis collected
in Jedda, differcd 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 locuuts were
bred in crowded conditions (Antoniou, personal communications). Large
individual variation was noticed in the flight performance of males
taken frowm the same breeding cage. Similor results were obtainad and

reported in previous scctions, for the laboratury stocik 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 Xdda 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 individuoal variation. Great

fluctuations were noticed in flown and unflown males followiiny the
experimental rlight period, indicating no significant effect of rlight
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,

1
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The dry fat body weight of Jedda males wos generally

higher than that of the laboratory males and they showcd less

individual variation,

The coarpora allata volumes of Jedda males were not

significantly different from those of ithe laboratory stock males,
Small differences were feund between the first and second

laboratory gencration of Jedda males,

Males and females collected from o field solitary population
in Mali were tested in the laboratory after being kept in crovded
conditions. Thesc locusts manifested extrems solitary morphological
characteristics and extrese sexual demoiphosm in their total body
weight; the malss being conspicuously smaller (about 1 gm) than the
females (about 3 gm). Their colour was varicd hetween green and
beige in females wilh slinbit yellow irn malas. Since their age wars

not known and since rearing condilions in the field were more variable
¥ .

and greatly different from theso in the laboratory, it was difficult to

campare these locusts to the laboratory locusts of any particular age.

It was noted that their flight performance was comnarable to
the better records achieved from laboratory locusts. Preflight levels
of total carbohydrates in males and females were similar ito those of
the laboratory stock. Females shewed a higher preflight level and
mobilized larger amsunts following flight although no differcnces were
noticed in the flight performance sceres. Dreflight total lipid levels
wvere lower than thosc observed in the laboratory stock. Flight
increased the level of total lipids but not significanily so.
Laboratory locusts show similar tirends at a young age or when ihe fat
body was small. Tihe fat body weight of Mali locustis was swaller in males than
that of fewaxles and in both considerably smaller than that of the

laboratory stock, (sce discussion in previous paragraphs).

The first laboratory generation (Fl) was raised in crowided

or isolated conditiens.

Isolated males weigh less thon crowded ones, but higher than
males of the field genervation (pareat generation, -P). Isolated females
weight more than thae crowded ones and within the range of the field

generation.



Crowded males and females show higher averages of flight
performance scores on all occasions tested, than those of isolated
males and feumnles. Under both rearing conditiens, flight performance
scores increase with age. Since individual variation was very large,

enly on some occasions were the differcences statistically significant,

Preflight and post-flight total carbohydrates werc similar
in isolated and crowded males, but differ in crowded females from

those of isolated Temales.

Most of the differences noted between crowvded and isclated
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 femalag (Norris 1950; Highnam and Haskel?, 1964k; Uvaror, 19606).
This was confirmed in the experiments reported here. In addition
isolated males start to show sexual behaviour sliubtly befove crowded

males (Pencr, personal communication).

Isolated lecusts have a lower fat body dry weight Uhan
crovded 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 prescnted were.

The corpora allata volumes of isolated males wére much smaller
than those of crowded males, while thosc of isolated females was
larger than those of crowded females. Highnam and llaskell (1964)
have shown that flown female crowded locusts have smaller corpora
allata glands than unflown crowded females., In isolated locusts,
Tlight did not have any effect on the corpora alinta volumes. In the
experiments icported here, no effecl was noticed of flight on the
corpora allata volume of isolated or crowded males or in isolated or
crouded femnjens The vate of growth of the corpora allata of isolated
females was slower than that of the crowded femalzs; size differences
were smaller at the end of the first gonotropic cycle. The
differences iv the C.A.volumes between isolated and crowded locusts
(males and fesiles) reported here, may have been related to the

general lavge differernces in body weight between isolated and crowded

260
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locusts anl belween males and femnles. I this was taken into
account by dividing tie C.A. volume by the body weight, it was found
that the volume of the corpora allata of crovded malas (flown or

unflown) was greater thoan that of isolated ones (flown o1 unflown).

The differences in flight performance scores of isolated
laboratory locusts and isolated locusis of the parent generation,
collected in the fTield, may indicate the effects of intensive
laboratory birecding on the physiology of the locusts. The variation
in results frem those of Michel's (1970) mentioned above, mry then be
partly attributed to laboratory rcaring conditicns and/or differences
between behaviour of laboratory stock Locusta 1e laboratory stock
Schistocerca. Since field locusts were kept in crovded conditions until
tested in the laboratory, this may have affected their flight

performance scores.

Isolated locusts showved some of the phenomena characteristics
Tound i implanted locustiss smaller corpora allata volumes, smaller
fat bodies, cnhanced scexual matuvation and green pigmentation of
cuticle and hoemolymph. [Flight performance of isolated locusts voried

between the locust stocks.

Morphometric measurenants showed that the F/C ratios of the
crowded laboratory locusts inclincd to be more of a solitarious form
than those reported by Dirsh (1951). Crowded male lecusts rcared from
a population originating in Jedda and crowded locusts (males and females)
reared from a population originating in Mali, showed F/C ratios
comparagble 1o the ones reported by Dirsh for solitarious locusts. Field
locusts brought frow Mali showed F/C ratios of solitarious character and
were similay to those of their descondants raised in the laboratory
under crowded conditions. Isolated locusts raised in the laboratory
Iroﬁ ficld 16custs collected in Mali, showed extreucly solitarious
F/C ratios, greater than their Tield solitary parents, It ithen secms
that morphometiric characters arre not always dependent on the rearing

conditions of the locusts, but may be partly inherited,

o
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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 shoawving higher weights. Flight affected to some extent the

differcnces 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 betwcen

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 Goldsworihy, 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 peicentage 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 reclatively a higher change in total

lipids in the haewolymph, following the "flight" period.

Starvation causes the accunulation of neurosecretion in the
neurosecretory system of the brain and the corpora cardiaca. (Highnam,
Hill and Mordue, 1966; Johnson,1972;and McCafferey, 1972). These
effeclts are interpretated as an inactivation of the nheurosecretory
system. lighnam and laskell (196%4) have shown that flight would
cause Lhec releasc 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,

Surrcy, England.

Details of tne Non-scquential Interval Histogram Programme.

In the non-sequential Interval Histogram cach time
interval between consecutive pulses in a single pulse train is
measured and represented graphically as a probability density

function.

MIETHOD

The Biomac accesses cach of its store locations in turn
at a rate determinod by the SWEEP TIME control, until a pulse is
detected at the EVENT input. In order to record the pulse the
conttent of the current store location is incremanted by a count
of 1 and the sweep automwatically restarted {o measure the time

interval to the next pulse.

Should an event pulse not occur before the end of the sweed,
the wmachine enters a reset condition wntil a pulse occurs to restart
the wrocess. ‘his prevents undesirable foverlap! effceccls and allows
histograms to be obtained of signals arriving in fast bursts

interspoersed with poriods of inactivity.

PROCEDURE

PROGRAM Set Program Sclector to TH and SEQ/NON SEQ
swiltch to NON SEQ. and No. of CIIANNELS to 1.

FNDUT ' Signal Input to EVENT socket.

TRIGGER Trigger mode automatically goes to internal.

SVBEER -RATE Tn this program each time interval is measured

in terms of the addvance 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 signel pulses

lies within the value selected.



G0

>

[

C3

B
4

Mon-G

istogr

Interval

{>

<

<& 3
SIWARZLNG 20 O

L

Lo

INTERVRL, T

THRESHOLD LEVEL ez

EVENT RIGZS
PRODOCET

et G remeenine By o

it g i
/
-
//

r.

7
.

i

H ~ Y

& ~ y .«// A" e

: N

Y e v o -

e AN -

3 ¢ o ¢

r =— T
(<]

4 < TS N |




266

THRESHOLD By viewing outputs E and PM of the HISTCGORAM
INPUT section on an external CRT, slopo, 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 resect

condition,

DELAYS © Delay After is meaningless and is not operative
in this program. Delay Before may De uscd; an
evenl occurring dwring the delay period
immediately terminates the delay and is yvecordod

in the first location of the store.

PROCESS COUNTIIR  In this program the SWEEP CCOUNT control
predeternines the nuuber of counts in ANY siore
location, the program being terminated whan

this count 1s reached.

START Ensure the store is clear of any data, then with
the machine in a resct condilion the progrom will

start when the ANALYSE buiton is presqsod.

MULTI-CHANNEL A number of histograms may be serially

OPERATION accunulated in the memory for direct visual
comparison by accumulating cach 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 he used. Note that the
SWEEPING remains constant for each setting,
irrespective of the number of channels in use;
therefore, the interpoint time becomes cither
a half or a quarter of that in single chaennel

mode.
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AUPERULE D

Tnhl‘(;-__ﬁf;: The average relative 1ift per flight period of allatectomized
nnd sham operated locusts flown at the three winl velocities
in ten age groups. Five locuits were flown in each treatment

group at the three wind velocities.

Group 1 2 3
Age in days 14 11 12
~ Treatment A S A S A 5
Y
a 1 0.18  o0.42 0 0.23 0.23 0.18
& 2 0 0 0,11 .22 0.13 G.11
© 3 0.46 o] 0.19  0.17 0.03 0.23
2 h 0.03 0 0.10 0,05 0.08 o
5 0.10 0 0.10  0.006 o] 0.16
Age in davs 16 15 15
N fPreoatment A s A S
=
3 1 0.2}  0.45 0.12  0.25 0.25 0,35
] 2 0,18 0 0.20 ©.12 0.27 0.26
o 3 0.49 0 .31 0.20 0.22 0.07
g 4 0,30 0,18 0,35 (¢} 0.04 0.22
5 0.10  0.%0 0,35 0.1C 0,50 -
Ange in duays 19 18 19
" Treatment A 5 A S A [
3 : 0.56  0.13 0 0.0% 0.4 0.15
fg 2 0.30 o] 0.27 0,07 0.25 .26
o 3 0,41 0.05 0,11 0.2 .12 0.49
9 4 0.11 0 0.35 0,03 o .22
5 0,16 0.16 0. %0 ¢} 0.03 0,39
Age_in days 23 o2 22
& Treatment A S A S A )
=9
3 1 0.30 0©.ho 0.05 0.17 0.58 0,36
5 2 0.09 o Q.55 0.22 0.46 0.26
@ 3 0,12 0.20 0,26  0.57 0.52 0.31
] L 0.02 2k .47 0.08 0.C4 0.35
5 Q.10  0.12 0.36 0.0} Ja] 0,32
Age _in days 26 o5 27
[T .
£ Treatmant A S A S A )
)
e 1 0.4h  0.30 0.0L  C.1C 0.51 0.16
o 2 0.41 o] 0.16 0.07 .22 .18
Q 3 0.03 0.18 0.2% 0.33 0.4l 0, bk
< 4 0,25 0.69 0.34 c 0.06 0.51
5 0,03 0.29 0.15 0.03 0,14 0.45




Tablo sa: (Contd)

ROUP 6

(3]

o
[#}

Al

AGE GROLP 7

AGE GHOUP 9 ASE GROUP B

AGE GROUP 10

\
Group 1 2 . 3
Ane in davs 31 30 30
Treatoont A S A 5 A 5
¥ ¢ 0.37 [} 0,27 0,46 0.09
2 0.10 0 Q.40 0,20 0.548 0.10
3 [¢] 0,24 0.37 0.19 0.hh 040
i (4} 4,20 o.47 [} 0,05 8.59
5 0.06  0.14% 0.351 0,10 ¢} 0.40 -
Ane in davs 3h 35 34
Treatment, A S A S A S5
1 049 [ ] ©0.18 0,44
2 0,29 o a.h0 0.13 0,31 0.25
3 0 0.55 0,37 0.10 0.10 0.33
[ 0.086 0,32 0.%7  ©0.09 0.07 347
5 0.17 - 0.31  0.09 [1 0.53%
Age in days %9 38 39
Treatment A S A 5 A 3
1 0,37 o0.18 0,05 .07 .54 c.08
2 .20 0.09 0. 23 0.17 0.37 «23
3 0.03 0.2 0.30 0.13% 0.h1
h o 0.44 0.19 0.09 0.64
. 5 0.37 - c.hu 0.1y 0.0 0.39 -
Age_in davs h2 42 g
Treatment A b A 5 A N .
J 0.08 0. 46 0.67 .51 G.35
2 o4z 0.01 .17 Q.52 v, 38
3 - o .50 0.20 0.35
4 .25 0,03 0.19 0,12 0.62
S - 0, 19 4] 023
foe in davs Ly k9 50
Treatment : 5 LA s A 5 o
1 0.h9  C.2Z 0 - .46 Ga?
2 0.2 [s] 0.5 6.25 &8 0.450
3 0.1% 0.0 0.%h 0.32 0. G 0.40
4 0.13  0.18 .60 [ 0.0y c.52
5 0.08 - 0.12 o.08 [} 0.38

—
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Table hb:

Anslysis of varionce of tha ten age groups presented

Age groeup S. S, d. f Mo S o P
Swrs Square Dogrees of Mean squares Ratie ‘Probabllity
__freedom
H Total 0, hzh1 29 0.01406
Treatment 0.0529 & 0.0106 . N.S,.
Error o.3721 oh 0.0155
2 Total 0.5724 28 0.020%4
Treatment 0.0573 5 0.0112 N.S.
Freur 0.5151 23 g.G2240
b4 Tatal 0.6891 29 0.0238
Treatrnoent 0.2876 5 0.0575 3h% 0,01 - 0.005
Srrar 04014 24 0.0167
4 Total C.9745 29 0.0336
Treatmend 0.18496 5 0.0379 N.S,
Frror 0, 7849 o4 0.0327
5 Tatal 0.7747 29 0.0267
Trealeent 0.1751 5 0.0350 1.40 NS,
Error 00,5996 ol 0.0250
6 Totel DQ.9EGE 29 0.6340
Treatnent 0.35117 5 0.0523 2,00 %, S,
Error 0.6751 2h 0.4281 -
7 Total .64t <1 €.0556
Treatront 0. 8047 s 0.1759 N.S.
Lrrer 0.7274 23 C. U203
8 Total 0.83522 28 G 0294
Treatmant 0.1874 5 Q.0375 1.3% N.5.
— Errov 0.6_(:’. 3] 23 0.0277
9 Total 0.9273 27 0.9320
Treatment 0.3253 5 00551 2.59 N.S.
e Brree BG020 2z 00251
19 Total 0.9777 27 00337
Treatment 0.3137 5 0.6627 2.31 NeS.
Frros 0.6640 22 ¢.0272
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