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INSECT FLIGHT OBSER'JATION AT ZERO GRAVITY 

ABSTRACT 

T h e  f l i g h t  r e s p o n s e s  o f  common h o u s e f l i e s ,  v e l v e t b e a n  

c a t e r p i l l a r  m o t h s ,  a n d  w o r k e r  h o n e y b e e s  w e r e  o b s e r v e d  a n d  

f i l m e d  f o r  a p e r i o d  o f  a b o u t  25 m i n u t e s  i n  a z e r o - g  e n v i r o n m e n t  

d u r i n g  t h e  t h i r d  f l i g h t  o f  t h e  S p a c e  S h u t t l e  v e h i c l e  ( f l i g h t  

number STS-3; March 22-30,  1 9 8 2  1 .  T w e l v e  f l y  p u p a r i a ,  24 a d u l t  

m o t h s ,  24 moth  p u p a e ,  a n d  1 4  a d u l t  b e e s  w e r e  loaded i n t o  a n  

i n s e c t  f l i g h t  b o x ,  w h i c h  was  t h e n  stowed a b o a r d  t h e  S h u t t l e  

O r b i t e r ,  t h e  n i g h t  b e f o r e  t h e  STS-3 l a u n c h  a t  NASA's Kennedy 

S p a c e  C e n t e r  (KSC 1 .  

The  n a i n  p u r p o s e  o f  t h e  e x p e r i m e n t  was to  o b s e r v e  a n d  c o m p a r e  

th . .  f l i g h t  r e s p o n s e s  o f  t h e  t h r e e  s p e c i e s  o f  i n s e c t s ,  w h i c h  

h a v e  somewhat  d i f f e r e n t  f l i g h t  c o n t r o l  m e c h a n i s m s ,  u n d e r  z e r o - g  

c o n d i t i o n s .  A c o n t r o l  se t  o f  t h e  t h r e e  s p e c i e s  o f  i n s e c t s  

(draw11 f r o m  t h e  same l a b o r a t o r y  p o p u l a t i o n s  as t h e  set t h a t  

f l e w  o n  STS-3)  was o b s e r v e d  a n d  f i l m e d  u n d e r  n o r m a l  g r a v i t y  

c o n d i t i o n s  a t  NASA's J o h n s o n  S p a c e  C e n t e r  ( JSC ) t o  p r o v i d e  

c o m p a r i s o n s  b e t w e e n  z e r o - g  a n d  one-g  f l i g h t  b e h a v i o r .  

Ten  o f  1 2  f l i e s  a b o a r d  STS-3 w e r e  o b s e r v e d  t o  h a v e  e m e r g e d  f r o m  

p u p a r i a  by  t h e  t h i r d  d a y  o f  t h e  f l i g h t  ( a t  a b o u t  55 h o u r s  a f t e r  

l a u n c h  1 .  T h e i r  a c t i v i t y  i n  z e r o - g  c o n s i s t e d  p r i m a r i l y  o f  

w a l k i n g  o n  t h e  i n t e r i o r  s u r f a c e s  o f  t h e  f l i g h t  box.  When t h e y  

f l e w ,  t h e y  t e n d e d  t o  f l y  o n l y  b r i e f l y  ( w i t h  a maximum o b s e r v e d  

f l i g h t  d u r a t i o n  of  f o u r  s e c o n d s ) .  D u r i n g  t h e  f l i g h t  



o b s e r v a t i o n s ,  t h e  f l i e s  a p p e a r e d  a b l e  t c  c o n t r o l  t h e i r  m o t i o n  

i n  a l l  t h r e e  of  t h e i r  body a x e s  ( p i t c h ,  yaw a n d  r o l l )  and 

a p p e a r e d  to  h a v e  no  d i f f i c u l t y  f l y i n g  f r o m  p o i n t  t o  p i n t  i n  

t h e  box. 

Ry t h e  t h i r d  d a y  o f  t h e  f l i g h t  ( a t  a b o u t  55 h o u r s  a f t e r  

l a u n c h ) ,  18 o f  t h e  24 moth pupae  a b o a r d  STS-3 h a d  emerged. By 

t h e  e n d  o f  t h e  e i g h t - d a y  f l i g h t ,  22 of  t h e  24 h a d  emerged.  The 

"young a d u l t "  moths  which emerged f r o m  p u p a e  d u r i n g  t h e  f l i g h t  

were o f t e n  o b s e r v e d  to  f l o a t ,  w i t h o u t  w i n g b e a t ,  f o r  p e r i o d s  o f  

f i v e  s e c o n d s  t o  n e a r l y  t h r e e  m i n u t e s .  They a l s o  f l e w  f o r  s h o r t  

p e r i o d s  of  t i m e .  The moths  which were a t  t h e  a d u l t  s t a g e  p r i o r  

t o  l a u n c h  t e n d e d  t o  f l y  w i t h o u t  e n g a g i n g  i n  f l o a t i n g  b e h a v i o r .  

The d u r a t i o n  of  f l o a t i n g  of  t h e  "young a d u l t "  m o t h s  i n c r e a s e d  

w i t h  time d u r i n g  t h e  f i l m i n g  by t h e  STS-3 crew. The moths  

e x h i b i t e d  some l a c k  of  c o n t r o l  a b o u t  t h e i r  bod:{ p i t c h  axes a n d  

were s o m e t i m e s  o b s e r v e d  to t u m b l e  i n  p i t c h  w h i l e  f l o a t i n g  or 

f l y i n g .  However, t h e y  were a b l e  t o  c o n t r o l  t h e i r  body 

o r i e n t a t i o n s  t o  make " c o n t r o l l e d '  l a n d i n g s .  An i n c r e a s e  i n  

f l i g h t  v e l o c i t y  i n  t h e  z e r o - g  s i t u a t i o n ,  w i t h  a g i v e n  ra te  a n d  

a m p l i t u d e  o f  w i n g b e a t ,  may h a v e  c a u s e d  some f l i g h t  c o n t r o l  

p r o b J e m s  f o r  t h e  moths .  The moths ,  l i k e  t h e  f l i e s ,  a p p e a r e d  t o  

h a v e  no  d i f f i c u l t y  c l i n g i n g  to  a n y  of  t h e  i n t s r i o r  s u r f a c e s  o f  

t h e  f l i g h t  box.  

The 1 4  b e e s  a b o a r d  STS-3 w e r e  o b s e r v e d  t o  w a l k  o n l y  on t h e  

s c r e e n  s u r f a c e s  i n s i d e  t h e  f l i g h t  box. They a p p e a r e d  to  b e  

u n a b l e  to  c l i n g  t o  t h e  smooth  p l a s t i c  s u r f a c e s .  B r i e f  a t t e m p t s  



a t  f l i g h t  r e s u l t e d  I I u n s t a b l e  p a t h s ,  t u m b l i n g  a b o u t  t h e i r  body 

a x e s ,  and  J ' l o a t i n g  w ~ f  h  l i t t l e  or no w i n g b e a t .  F l o a t i n g  was 

o b s c r v c  for  l o n g  d u r a t i o n s  a n d  a p p e a r e d  t o  be  a r e s u l t  of 

i n a b i l i t y  to  c l i n g  to  a smooth  s u r f a c e  when t h e y  came i n t o  

c o n t a c t  w i t h  i t  ( w i t h  ~ i n g b e a t  c e a s i n g  a t  c o n t a c t ) .  The l a c k  o f  

r e l a t i v e - m o t i o n  v i s u a l  s t i m u l i  n e c e s s a r y  to m a i n t a i n  f l i g h t  may 

a l s o  h a v e  b e e n  r e s p o n s i b l e  f o r  t h e  f l o a t i n g  r e s p o n s e s  of t h e  

b e e s .  I n  a d d i t i o n ,  it may h a v e  been  t h a t  t h e  f o o d  s u p p l y  

p r o v i d e d  was i n a d e q u a t e  f o r  t h e  b e e s  a n d  t h i s  may h a v e  l e d  t o  

f a t i g u e  w i t h  r e s u l t i n g  p o o r  f l i g h t  c o n t r o l  r e s p o n s e s  a n d  

f l o a t i n g .  

Compar i sons  of t h e  z e r o - g  f l i g h t  r e s p o n s e s  of t h e  t h r e e  s p e c i e s  

of i n s e c t s  s u g g e s t  t h a t  t h e  f l i e s  were most a b l e  t o  c o n t r o l  

t h e i r  f l i g h t  a n d  body o r i e n t a t i o n s .  The moths  a p p e a r e d  to  b e  

somewhat p o o r e r  a t  c o n t r o l l i n g  t h e i r  f l i g h t  a n d  body 

o r i e n t a t i o n s  t h a n  t h e  f l i e s .  The b e e s  a p p e a r e d  t o  b e  u n a b l e  t o  

c o n t r o l  t h e i r  f l i g h t  i n  ze ro -g  c o n d i t i o n s  a n d  t h e y  were 

o b s e r v e d  t o  m o s t l y  f l o a t  a b o u t  r andomly  i n  t h e  f l i g h t  box. 

T h e i r  f l o a t i n g  b e h a v i o r  may h a v e  b e e n  d u e  t o  s e v e r a l  f a c t o r s  

c i t e d  p r e v i o u s l y .  

P o s t - f l i g h t  a n a l y s e s  of  t h e  i n s e c t s ,  a f t e r  r e t u r n  t o  E a r t h ,  

have  i n d i c a t e d  t h a t :  

The t o t a l  number of e g g s  l a i d  p e r  f e m a l e  f o r  t h e  f l i e s  

t h a t  f l e w  o n  STS-3 was l o w e r  t h a n  f o r  t h e  f l i e s  o b s e r v e d  i c  

t h e  one-g e n v i r o n m e n t  a t  JSC, 

- i v -  



The  m o t h s  d i d  n o t  mate i n  s p a c e  b u t  d i d  mate a f t e r  

r e t u r n  t o  E a r t h  a n d  e x h i b i t e d  no  a p p r e c i a b l e  decrease i n  

f e r t i l i t y  as c o m p a r e d  t o  t h e  one -g  c o n t r o l  g r o u p  o f  m o t h s  

o b ~ e r v e d  a t  JSC,  

0 A l l  1 4  o f  t h e  b e e s  t h a t  f l e w  o n  STS-3 w e r e  dead when t h e  

f l i g h t  b o x  was r e t u r n e d  t o  JSC f ab, a t  8 h o u r s  f o l l o w i n g  t h e  

STS-3 l a n d i n g ) .  S e v e n  o f  t h e  1 2  b e e s  o b s e r v e d  i n  t h e  one -g  

e n v i r o n m e n t  a t  JSC w e r e  a l a o  a3.1 dead a t  t h i s  t i m e .  

P o s t - f l i g h t  e x a m i n a t i o n s  a n d  e l e c t r o n  m i c r o s c o p e  a n a l y s e s  

o f  s e v e r a l  o f  t h e  bees t h a t  f l e w  o n  STS-3 i n d i c a t e d  n o  

disease or p h y s i c a l  i n j u r y  o f  t h e  bees. I t  a p p e a r s  t h a t  t h e  

bees died d u e  t o  l a c k  o f  f o o d .  
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INTRODUCTION 

This study was performed to obtain data on insect flight 

behavior during an extended period of zero-gravity on a Space 

Shuttle flight. 

The opportunity to conduct this study was made possible through 

the Shuttle Student Involvement Project (SSIP) which is a 

continuing effort of the National Aeronautics and Space 

Administration (NASA) and the National Science Teachers 

Association (NSTA) to enable high school students to propose 

experiments to be flown on the Space Shuttle. The Avionics 

Division of Honeywell, Incorporated served as the Corporate 

Sponsor for this experiment. The experiment was flown on the 

third Space Shuttle test flight (flight number STS-3) during 

the period 22-30 March, 1982. The "SSIP Experiment Integration 

Plan" for this experiment (reference 5 )  identifies the 

rsquirements for conduct of the experiment. 

Since, as noted by May, et a1 (19801, insect flight mechanisms 

are primarily adaptations for overcoming gravity (with most of 

the power output in flight comprising lift) it is of value to 

observe insect flight in the absence of gravity to better 

understand insect flight processes. The flight responses of 

flying insects in a continuous zero-gravity (zero-gl 

environment have not been studied previously because 

gravitational force cannot be eliminated (or even greatly 

reduced for an extended period) in such studies performed on 



Earth. 

Past experimentation on insect flight in zero-g  environment.^ 

has been limited to very short periods of weightlessness. May, 

et a1 (1980) conducted experiments on insect flight during 

short-term reduced (and increased) gravity ].evela by use of a 

Model 23 tear jet, flying parabolic paths to produce variations 

in gravity. Their abstract etates: 

"Abstract - The tethered and free flight of Manduca 
sexta were studied during period 1, 2, and 0 times 

normal gravity (g) produced in an aeroplane by flying 

through parabolic trajectories. Moths in tethered 

flight did not change their aerodynamic output in 

response to increases or decreases in gravity. Some 

moths in free flight at Og maintained a position in 

the box by flying against a surface, or into the 

a . , g l e  between two surfaces. In the absence of gravity 

as an orienting stimulus, the positive dorsophotis 

response to light was dominant. As the period of Og 

continued, moths were increasingly likely to 

periodically reduce the amplitude of their wingbeat 

and/or stop flying, for the equivalent of a few 

wingbeats. Only at Og, moths very occasionally spread 

their wings and floated freely for a few seconds. At 

Og moths retained control of rolling and yawing 

movements but stability in pitch was greatly reduced 

or absent. " 



The rerults of this atudy by May, et a1 helped t -  *!~pport and 

shape the hypotheses fcr this experiment by providing t h ~  only 

known previous data existing on insect flight i n  zero-9. 

Hypothesis I 

Insecte will encounter problems in pitch orientation in zero-g 

conditions, depending upon the type of flight control 

mechanisms present in the species of insect observed. 

Hypothesis I1 

In the absence of gravity, flying insects will be attracted to, 

crnd fly in, the area of the bri;dk,i,get illumination in the 

flight box. 



INSEC'I' SUBJECTS 

' Ph ree  s p e c i e s  of f l y i n g  . ..sects were s e l e c t e d  to  o b s e r v e  a n d  

c o m p a r e  t h e i r  a b i l i t y  t o  o r i e n t  a n d  F l y  i n  z e r o  g r a v i t y  

( z e r o - g )  a s  w e l l  as o n e  g r a v i t y  ( o n e - g ) .  T h e  i n s e c t s  s e l e c t e d  

were: Worker  H o n e y b e e s  ( A p i s  m e l l i f e r a ) ,  V e l v e t b e a n  

C a t e r p i l l a r  Moths  ( A n t i c o r s i a  g e m n a t a l i s  1 ,  a n d  Common 

H o u v a l l i e s  (Muscn d o m e a t i c a  1 .  

T h e  b e e s  were a l l  i n  t h e i r  a d u l t  s t a g e  ( a b o u t  6 d a y s  o l d )  when 

t h e y  were l o a d e d  i n t o  t h e  e x p e r i m e n t a l  i n s e c t  f l i g h t  box  p r i o r  

t o  l a u n c l ~ .  B o t h  a d u l t s  a n d  p u p a e  of t h e  moch were l o a d e d  i n t o  

t h e  f l i g h t  b o x  ( w i t h  t h e  p u p a e  " s c h e d u l e d n  to  emerge o n  o r b i t  

prior t o  t h e  p l a n n e d  e x p e r i m e n t a l  o b s e r v a t i o n s ) .  T h e  a d u l t  

m o t h s  were 1 - 2  d a y s  o l d .  911 of t h e  f l i e s  w e r e  l o a d e d  i n t o  t h e  

f l i g h t  box as  p u p a r i a  ( a l so  * s c h e d u l e d "  to e m e r g e  p r i o r  to  t h e  

e x p e r i m e n t a l  o b s e r v a t i o n s ) .  

T h e  b e c -  had t h e i r  s t i n g e r s  " c l i p p e d "  t o  p r e v e n t  a n y  h a z a r d  t o  

t h e  f l i g h t  crew i n  t h e  e v e n t  t h a t  a n y  b e e s  e s c a p e d  f r o m  t h e  

i n s e c t  f l i g h t  box  a n d  got o u t  i n t o  t h e  O r b i t e r  c r e w  

c o m p a r t m e n t .  The  bee s u p p l i e r  c l i p p e d  s e v e r a l .  t h o u s a n d t h s  o f  a n  

i n c h  f r o m  t h e  t i p  o f  e a c h  b e e ' s  s t i n g e r  p r i o r  t o  d e l i v e r i n g  t h e  

b e e s  f o r  u s e  i n  t h e  e x p e r i m e n t .  

The  c r i t e r i a  f o r  s e l e c t i o n  of t h e  i n s e c t  s p e c i e s  t o  be s t u d i e d  

i n c l u d e d  s u c h  t h i n g s  as p h y s i c a l  s i z e ,  l i f e  s p a n ,  f o o d  

r e q u i r e m e n t s ,  a n d  t h e  a b i l i t y  to  f l y  w e l l  i n  t h e  v o l u m e  

p r o v i d e d  w i t h i n  t h e  i n s e c t  f l i g h t  box  u s e d  i n  the e x p e r i m e n t .  



Items considered were: 

The insects had to be available from a reliable source 

(i.e., a source that would provide healthy insects of 

controlled ages from colnrnon populations within apecien 1 .  

For purposes of data coll~cti~n, the size and wing epan of 

each lneect had to be large enough to show up clearly on 

recorded video and in photos for data analysis. 

The adult (active flying life span had to be greater than 

9 aays. This allowed data collection on any day of the 

planned Shuttle mission, in case the scheduled observation 

day was cha~ged. It also provided an allowance for a 

several-day postponement of the STS-3 launch. 

Species with similar food requirements were needed to 

simplify the feeding apparatus and food/water sourcea 

provided inside the insect flight box. 

e The species selected had to be compatible with each other 

( i .  e., would not attack each other 1 .  

The species selccted had to have flight characteristics 

that W O U L ~  allow them to fly normally within the constrained 

volume of the insect flight box. 

Since any single species of illsect could have died prior to 

data collection (e.g., may not have survived launch 

accelerations 1 ,  the success of the experiment was better 



c n s u r e d  by  u s i n g  more  t h a n  o n e  s p e c i e s .  T h e  u s e  of moth  p u p a e  

p r o v i d e d  a s u p p l y  o f  m o t h s  w h i c h  e m e r g e d  o n - o r b i t  to y i e l d  

"y3ung  adults" p r i o r  t o  data  c o l l e c t i o n .  S i n c e  a g e  c a n  h a v e  a n  

e f f e c t  on i n s e c t  f l i g h t  a c t i v i t y ,  a d u l t s  e m e r g i n g  f r o m  p u p a e  

p r o v i d e d  y o u n g e r  m o t h s  whose  f l i g h t  b e h a v i o r  c o u l d  be c o m p a r e d  

t o  t h a t  of t h e  o l d e r  a d u l t  mo the .  The  u s e  o f  moth p u p a e  ( a n d  

f l y  p u p a r i a )  a lso  p r o v i d e d  data o n  t h e  s u c c e s s  of  e m e r g e n c e  a n d  

w i n g  f o r m a t i o n  i n  z e r o  g r a v i t y .  

One o f  t h e  r e a s o n e  t h a t  common h o u s e f l i e s  w e r e  selected fc; 

o b s e r v a t i o n  i n  t h e  e x p e r i m e n t  was t h a t  t h e y  h a v e  h a l t e r e s .  

A p p a r e n t l y J  t h e s e  h a l t e r e s  act  s o m e t h i n g  l i k e  l ' g y r o s c o p e s "  or 

" g y r o s t a b i l i z e r s "  For f l i e s  t o  p r o v i d e  added f l i g h t  stability 

-- a t  least i n  t h e  one -g  e n v i r o n m e n t .  I t  was  f e l t  t h a t  t h e  

h a l t e r e s  m i g h t  a l s o  h e l p  p r o v i d e  b e t t e r  f l i g h t  s t a b i l i t y  a n d  

c o n t r o l  f o r  t h e  f l i e s  (as c o m p a r e d  t o  t h e  bees a n d  m o t h s )  i n  

t h e  z e r o - g  e n v i r o n n , e n t .  

T h e  i n s e c t s  u a e d  i n  t h e  e x p e r i m e n t  werc s u p p l i e d  by  t h e  

f o l l o w i n g  p e o p l e  a n d  i n s t i t u t i o n s :  

T h e  V e l v e t b e a n  C a t e r p i l l a r  Moths  ( a d u l t s  a n d  p u p a e  1 were 

s u p p l i e d  by D r .  Norman C. L e p p l a  o f  t h e  U. S. D e p a r t m e n t  or' 

A g r i c u l t u r e  I n s e c t  R e s e a r c h  L a b o r a t o r y  i n  G a i n e s v i l l e ,  

F l o r i d a .  

T h e  Worker  Honeybee  e 3 u l t s  w e r e  s u p p l i e d  b y  Mr. Me1 E. 

C o p l i n  o f  C o p l i n  Bee Fa rms  i n  A r c a d i a ,  T e x a s .  



The Common Housefly puparia were supplied by Dr. David 

Pimentel of the Department of Entomology, Cornell University 

in Ithaca, New York. 



The  p u r p o s e  o f  t h e  i n s e c t  f l i g h t  b o x ,  shown i n  f i g u r e  1, was t o  

c o n f i n e  t h e  f l i g h t  a c t i v i t y  of t h e  i n s e c t s  b o t h  f o r  crew 

c o m f o r t  a n d  f o r  d a t a  c o l l . e c t i o n .  W e i g h t  a n d  s i z e  c o n s t r a i n t s  

( s p e c i f i e d  i n  t h e  SSI? e x p e r i m e n t  i n t e g r a t i o n  g u i d e ,  r e f e r e n c e  

3 )  w e r e  f a c t o r s  t h a t  s h a p e d  t h e  d e s i g n .  A maximum o f  6 0  p o u n d s  

c a n  b e  s t o w e d  i n  t h e  t w o - c u b i c - f o o t  s t o r a g e  vo lume  o f  a 

s t a n d a r d  O r b i t e r  Mid-Deck s t o w a g e  l o c k e r .  The  c o m b i n e d  w e i g h t  

o f  t h e  e x p e r i m e n t  i n s e c t  f l i g h t  box  a n d  t h e  small s i z e  l o c k e r  

t r a y  i n  wh ich  t h e  box was carried (as shown i n  f i g u r e  2 )  was 6 

l b s ,  1 4  o z s .  T h e  maximum s i z e  o f  a box  t h a t  w i l l  f i t  i n t o  t h e  

NASA s t a n d a r d  small l o c k e r  t r a y  is 4.6 i n c h e s  by  19 .3  i n c h e s  b y  

1 4 . 7  i n c h e s .  The  box  u s e d  was 4 .5  i n c t , e s  t h i c k ,  1 8  i n c h e s  wide, 

a n d  1 4  i n c h e s  h i g h .  Velcro p a d s  on  t h e  b a c k  oE t h e  b o x  were 

u s e d  t o  s e c u r e  t h e  box t o  t h e  f o r w a r d  s u r f a c e  o f  t h e  A i r l o c k  

a b o v e  t h e  A i r l o c k  H a t c h .  F i g u r e  3 is a c u t a ~ a y  view o f  t h e  

S h u t t  - 3 r b i t e r  mid-deck  ( s h o w i n g  t h e  l o c a t i o n s  o f  t h e  s t o w a g e  

l o c k e r ,  a i r  l o c k  a n d  a i r  l o c k  h a t c h  1. NASA-approved L e x a n  was 

u s e d  f o r  t h e  f r o n t ,  t o p ,  b o t t o m ,  a n d  s i d e s  o f  t h e  box b e c a u s e  

o f  i t s  t r a n s p a r e n c y  a n d  s t r e n g t h .  

T h e  i n s e c t  f l i g h t  box  was d i v i d e d  i n t o  t w o  c h a m b e r s  (Chamber  A 

a n d  Chamber  B) b y  a s c r e e n e d  c e n t r a l  d iv ide r .  Each  c h a m b e r  was 

4 . 5  i n c h e s  d e e p ,  9 i n c h e s  wide, a n d  1 4  i n c h e s  h i g h  ( p r o v i d i n g  a 

v o l u m e  o f  567 c u b i c  i n c h e s  i n  e a c h  c h a m b e r ) .  S c r e e n s  i n  b o t h  

s i d e s  o f  t h e  b o x ,  a n d  i n  t h e  c e n t r a l  d i v i d e r ,  allowed a i r  to 



p a s s  f r e e l y  i n t o  ar,d t h r o u g h  t h e  box.  

The  b a c k  of t h e  f l i g h t  box  was a l u ~ i i n u m  s h e e t  metal h a v i n g  a 

c h r o m a t e  t r e a t m e n t  a n d  was p a i n t e d  w h i t e  w i t h  e p o x y  u r e t h a o e .  

R l a c k  g r i d  l i n e s ,  o n e  i n c h  a p a r t ,  were p a j  . s 1 8 ' ~  o n  t h e  w h i t e  

s u r f a c e  t o  p r o v i d e  a v i s u a l  r e f e r e n c e  Lor : .t:tsg p o s i t i o n s  

d u r i n g  d a t a  a n a l y s i s .  S t a i n l e s s  s teel screws were u s e d  to  

f a s t e n  t h e  box t o g e t h e r .  n i te ts  were u s e d  to  s e c u r e  t h e  

a l u m i n u m  s c r e e n  i n  p l a c e  on  t h e  s i d e s  a n d  c e n t r a l  d i v i d e r .  An 

i n s e c t  f e e d e r  was  l o c a t e d  i n  e a c h  c h a m b e r .  The  f e e d e r s  w e r e  

made f r o m  h o l l o w  tef l o n  t u b e s ,  o n e  i n c h  i n  diameter, h a v i n g  a 

0 .375 i n c h  o p e n i n g  t o  e x p o s e  a l i q u i d  a b s o r b i n g  c o t t o n  w i c k ,  

T h i s  w i c k  p r o v i d e d  t h e  s u r f a c e  area t o  d i s p e n s e  t h e  s u g a r  

s o l u t i o n  u s e d  as t h e  i n s e c t e '  f o o d / w a t e r  s o u r c e .  Each  f e e d e r  

held a p p r o x i m a t e l y  o n e  f l u i d  o u n c e  o f  l i q u i d  when f u l l .  

T i m e r s  ( o n e  i n  e a c h  c h a m b e r )  w e r e  u s e d  t o  p r o v i d e  a t i m e  

r e f e r e n c e  on t h e  35 mm p h o t o s  a n d  r e c o r d e d  v i d e o .  A N e l s o n i c  

Q u a r t z ,  o n e  i n c h  diameter, timer was f a s t e n e d  t o  t h e  rear wall 

of e a c h  chamber  u s i n g  a s t i c k - o n  p a d .  Nomex material was  u s e d  

t o  make f l e x i b l e  l o o p s ,  located a t  t h e  s i d e s  o f  t h e  b o x ,  t o  

assist t h e  r e m o v a l  o f  t h e  box  f r o m  t h e  l o c k e r  t r a y  b y  a n  

a s t r 9 n a u t  i n  space. The  Nomex material was f a s t e n e d  t o  t h e  box  

by  two s t a i n l e s s  s t e e l  screws. 

NASA p r o v i d e d  the o n - b o a r d  TV cameras, v i d e o t a p e  recorder, 

v i d e o  tape cassettes, a n d  t h e  o n - b o a r d  35 mm camera, l e n s e s  a n d  

f i l m  t h a t  were u s e d  t o  collect  data o n  i n s e c t  f l i g h t  b e h a v i o r .  
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PROCE OUHES 

Two s e p a r a t e  sets of tests or o b s e r v a t i o n s  o f  i n s e c t  f l i g h t  

b e h a v i o r  w e r e  p e r E o r m e d  d u r i n g  t h e  STS-3 f l i g h t .  One  se t ,  t h e  

z e r o - g  tests, w e r e  p e r f o r m e d  o n  o r b i t  b y  t h e  STS-3 f l i g h t  c r e w .  

T h e  o t h e r  set,  t h e  o n e - g  " c o n t r o l "  tests ,  w e r e  p e r f o r m e d  i n  t h e  

h i  - f i d e l i t y  Mid-Deck Mockup a t  J o h n s o n  S p a c e  C e n t e r  (JSC by 

t h e  a u t h o r  a n d  JSC p e r s o n n e l .  F o r  e a c h  species s t u d i e d ,  t h e  

z e r o - q  test a n d  o n e - g  test  g r o u p s  o f  i n s e c t s  u s e d  were d r a w n  

f r o m  t h e  s a m e  p a r e n t  p o p u l a t i o n s  ( t o  e l i m i n a t e  d i f f e r e n c e s  i n  

a g e ,  g e n e t i c  b a c k g r o u n d ,  p r i o r  t r e a t m e n t ,  etc. 1 .  

T h e  z e r o - q  tests  w e r e  p e r f o r m e d  t w i c e  o n - o r b i t .  T h e  f i r s t  tests 

were p e r f o r m e d ,  a s  p l a n n e d ,  o n  M a r c h  2 4 ,  1982 ( d u r i n g  f l i g h t  

d a y  t h r e e ,  a b o u t  55 h o u r s  a f t e r  l a u n c h : .  T h e  s e c o n d  t e s t s ,  

w h i c h  were n o t  i n i t i a l l y  p l a n n e d ,  w e r e  p e r f o r m e d  o n  M a r c h  2 7 ,  

1982 ( d u r i n g  f l i g h t  d a y  s i x ,  a b o u t  1 2 5 h o u r s  a f t e r  l a u n c h ) .  T h e  

o n e - g  t es t s  w e r e  p e r f o r m e d  a t  JSZ o n l y  o n c e ,  o n  M a r c h  2 4 ,  1 9 8 2 ,  

a t  the same time t h e  f i r s t  z e r o - g  tests  w e r e  p e r f o r m e d .  

F o r t y - e i g h t  V e l v e t b e a n  C a t e r p i l l a r  (VBC 1 m o t h  a d u l t s  a n d  p u p a e  

w e r e  u s e d  f o r  b o t h  t h e  z e r o - g  t es t s  a n d  t h e  o n e - g  tests. Of 

t h e s e  4 8 ,  2 4  w e r e  a d u l t  m o t h s  ( h a v i n g  e m e r g e d  f r o m  p u p a e  1 - 2  

d a y s  pr ior  t o  l a u n c h )  a n d  2 4  w e r e  p u p a e  w h i c h  w e r e  " s c h e d u l e d "  

t o  e m e r g e  i n  z e r o - 9 ,  a t  a b o u t  o n e  d a y  a f t e r  l a u n c h ,  s e v e r a l  

d a y s  p r ior  to  t h e  t i m e  f o r  t h e  s c h e d u l e d  tests. 

T w e l v e  Common H o u s e f l y  (CHF) p u p a r i a  w e r e  u s e d  f o r  b o t h  t h e  

z e r o - g  a n d  o n e - g  sets o f  tests. T h e  CHF p u p a r i a  t h a t  w e r e  u s e d  



were "scheduled" to  e m e r g e  s h o r t l y  a €  t e r  l a u n c h ,  p r i o r  to  

o b s e r v a t i o n  i n  r:!ace. 

Worker  Honeybee  ( W H U )  a d u l t s  w e r e  raised i n  a a p e c i a l  " n u r s e r y  

h i v e "  e n v i r o n m e n t  a n d  were f r o m  a c o l o n y  t h a t  was c e r t i f i ed  to  

b e  f r e e  froin d i s e a s e .  The  b e e s  were a b o u t  s i x  d a y s  o ld  a t  t h e  

time o f  t h e  STS-3 l a u n c h .  

Fo r  a l l  t h r e e  s p e c i e s  o f  i n s e c t s  u s e d ,  t h e  s u p p l i e r s  p r o v i d e d  

m u l t i p l e  s h i p m e n t s  o f  i n s e c t s ,  s p r e a d  o v e r  time, t o  e n s u r e  t h a t  

i n s e c t s  ( a d u l t s ,  p u p a e  a n d  p u p a r i a )  o f  t h e  p r o p e r  a g e s  were 

a v a i l a b l e  f o r  u s e  i n  t h e  e v e n t  o f  a p o s t p o n e m e n t  o f  t h e  SITS-3 

l a u n c h .  

The d i s t r i b u t i o n  o f  s p e c i e s  a n d  t h e  number of  i n s e c t s  loaded 

i n t o  Chambers  A a n d  B o f  t h e  f l i g h t  box w e r e  d e p e n d e n t  upon t h e  

vo lume  o f  t h e  c h a m b e r s  a n d  t h e  f o o d  a v a i l a b l e  t o  s u s t a i n  t h e  

i n s e c t s  f o r  t h e  p l a n n e d  s e v e n - d a y  S h u t t l e  m i s s i o n .  Also, f o r  

cornpar , , ive r e a s o n s ,  t h e  m o t h s  e m e r g i n g  f r o m  p u p a e  w e r e  

s e p a r a t e d  f r 7 m  t h e  a d u l t  mo ths  by  a s c r e e n  d i v i d e r .  A n e a r l y  

e q u a l  number of i n s e c t s  were p r e s e n t  i n  t h e  t w o  s e p a r a t e  

c h a m b e r s .  F l y  p u p a r i a  a n d  moth p u p a e  w e r e  n o t  p l a c e d  i n  t h e  

same c h a m b e r  t o g e t h e r  s i n c e  t h e y  may n o t  h a v e  e m e r g e d  i n  z e r o  

g r a v i t y ,  w h i c h  w o u l d  h a v e  r e s u l t e d  i n  n o  data on  f l i g h t  

a c t i v i t y  f r o m  o n e  h a l f  o f  t h e  f l i g h t  box .  



T h e  d i s t r i b u t i o n  or i n s e c t s  waer 

Z e r o - q  BOX ( F l o w n  o n  STS-31 

Chamber 3 

1 2  CHP P u p a r i a  

1 2  Male VBC A d u l t s  

1 2  F e m a l e  V&C A d u l t s  

1 4  WHU 

6 Male VBC P u p a e  

( g l u e d  d o w n ) *  

6 Male VBC P u p a e  

( f r e e )  

6 F e m a l e  VBC P u p a e  

( g l u e d  down)*  

6 F e m a l e  VBC P u p a e  

( f r e e )  

One-g Box (Used f o r  c o n t r o l  tests a t  J o h n s o n  S p a c e  C e n t e r  1 

Chamber A Chamber D 

1 2  CNF Puparia 

1 2  Male VBC A d u l t s  

1 2  wHn 

1 2  Male VBC Pupae** 

( a l l  f r e e )  

1 2  F e m a l e  VUC A d u l t s  1 2  F e m a l e  VBC Pupae** 

( a l l  f r e e )  

*NASA a p p r o v e d  "EPOXI-PATCH 608 CLEAR" e p o x y  was  u s e d  t o  g l u e  

p u p a e  t o  s c r e e n .  

**NOTE: A p p a r s n t l y  two e m p t y  p u p a l  cases ( r a t h e r  t h a n  l i v e  VBC 

p u p a e )  were a c c i d e n t l y  l o a d e d  i n t o  Chamber B of t h e  One-g Fox 

a t  J S C .  Uence, t h e  to ta l  number of  l i v e  p u p a e  i n  t h i s  Chamber 

w a s  22 r a t h e r  t h a n  24 .  



By p r o v i d i n g  p u p a e  of  m o t h s  ( t h a t  e m e r g e d  as a d u l t s  i n  z e r o  

g r a v i t y  p r i o r  to  d a t a  c o l l e c t i o n )  a n d  a d u l t  mnoths ( t h a t .  h a d  

e m e r g e d  p r i o r  to  t h e  f l i g h t  1 t h e  f l i g h t  a c t i v i t y  o f  a g r o u p  o f  

y o u n g e r  a d u l t  m o t l ~ s  t h a t  h a d  n e v e r  f l o w n  i n  one-g  c o u l d  b e  

c o m p a r e d  to  o l d e r  a d u l t  mo ths  t h a t  p r e v i o u s l y  e m e r g e d  a n d  h a d  

f l o w n  u n d e r  o n e  g r a v i t y .  The  u s e  o f  moth p u p a e  ( a n d  f l y  

p u p a r i a )  a l so  p r o v i d e d  i n f o r m a t i o n  as t o  how s u c c e s s f u l l y  t h e  

m o t h s  ( a n d  f l i e s  c o u l d  e m e r g e  u n d e r  z e r o - g  c o n d i t i o n s .  I n  t.he 

z e r o - g  b o x ,  h a l f  of t h e  moth p u p a e  were n g l u e d  downn o n  s c r e e n  

m d t e c i a l  t o  h e l p  e n s u r e  t h a t  a t  least  some moth e m e r g e n c e  w o u l d  

o c c u r .  I n i t i a l l y ,  t h e r e  was some q u e s t i o n  as t o  how 

s u c c e s s f u l l y  t h e y  c ~ u l d  e m e r g e  f r o m  t h e i r  p u p a l  cases w h i l e  

f r e e - f l o a t i n g  i n  z e r o - g .  

T w e l v e  h o u r s  p r i o r  t o  t h e  s c h e d u l e d  l a u n c h  tims of STS-3, t h e  

i n s e c t s  were l o a d e d  i n t o  t h e  i n s e c t  f l i g h t  box  a t  t h e  Kennedy 

S p a c e  C e n t e r .  The same l o a d i n g  p r o c e d u r e s  w e r e  f o l l o w e d  f o r  t h e  

c o n t z r u ~  g r o u p  o f  i n s e c t s  a t  t h e  J o h n s o n  S p a c e  C e n t e r .  

The f i n a l  p r e p a r a t i o n  of  t h e  f l i g h t  box  f o r  l a u n c h  b e g a n  by  

f i r s t  r e m o v i n g  t h e  two  s c r e e n e d  e n d  p i e c s s  to  a l l o w  access to 

the f e e d e r s .  N e x t ,  1 2  moth p u p a e  w e r e  7 l u e d  t o  t w o  small p i e c e s  

o f  s c r e e n  u s i n g  t h e  NASA a p p r o v e d  e p o x y  g l u e .  T h e s e  p i e c e s  o f  

s c r e e n  w e r e  t h e n  a t t a c h e d  t o  t h e  i n s i d e  o f  thle s c r e e n e d  p o r t i o n  

of t h e  end p i e c e  o f  Chamber B. The t e f l o n  f e e d e r s  w e r e  removed 

a n d  f i l l e d  w i t h  a p p r o x i m a t e l y  o n e  f l ~ i d  o u n c e  of a s u g a r / w a t e r  

s o l u t i o n  p r e p a r e d  b y  a d d i n g  6 t e a s p o o n s  o f  " P e r k y - P e t  I n s t a n t  

Nectar" g r a n u l e s  to  o n e  c u p  o f  water. The  t w o  f e e d e r s  were 



r e - i n s t a l l e d  o n  t h e  i n e i d v  o f  t h e  b a c k  p l a n e  o f  t h e  f l i g h t  box. 

T h e  t w o  d i g i t a l  t i m e r e  l o c a t e d  i n  t h e  box  were c h e c k e d  f o r  t h e  

p r o p e r  time a n d  d a t e  a n d  t h e  two  s c r e e n e d  e n d  p i e c e o  w e r e  

r e - a t t a c h e d  t o  close t h e  f l i g h t  box e n d a .  T h e n ,  t h e  a d u l t s ,  

f r e e  p u p a e ,  a n d  p u p e r i a  of  t h e  t h r e e  epeciee were p l a c e d  i n t o  

t h e  f l i g h t  b o x ,  t h r o u g h  t h e  o~re i n c h  d i a m e t e r  a c c e a s  h o l e s  

located a t  t h e  t o p  o f  t h e  box  ( F i g u r e  1) a n d  t h e  accees h o l e s  

were s c a l e d .  

The  f l i g h t  b o x  was p l a c e d  i n t o  a s t o w a g e  l o c k e r  t r a y  a n d  t h e  

box a n d  t r a y  w e r e  t h e n  w e i g h e d  o n  a scale. T h e i r  c o m b i n e d  

w e i g h t  was 6 l b s . ,  1 4  o z s .  ( t h e  i n s e c t  box  i t s e l f  w e i g h e d  a b o u t  

4 . 5  Ibs .  1 .  Two l a y e r s  o f  p l a s t i c  were s e c u r e d  a r o u n d  t t r e  box 

a n d  t r a y  f o r  t r a n s p o r t a t i o n  to  t h e  l a u n c h  p a d .  T h e  e x p e r i m e n t  

was s t o w e d  a b o a r d  t h e  S p a c e  S h u t t l e  C o l u m b i a  i n  Mid-Deck 

s t o w a g e  l o c k e r  number MA9L. 

STS-3 l a u n c h  o c c u r r e d  a t  10:OO AM. CS'S o n  March 2 2 ,  1 9 8 2 .  A t  

t h e  t i m e  of  l a u n c h  a t  Kennedy S p a c e  C e n t e r  (KSC) ,  t h e  one -g  

c o n t r o l  box ( w i t h  i n s e c t s  i n s i d e )  was s p u n  i n  a c e n t e r f u g e  a t  

J o h n s o n  S p a c e  C e n t e i  ( J S C )  t o  s i m u l a t e  t h e  e x t e n t .  a n d  d u r a t i o n  

o f  t h e  a c c e l e r a t i o n  f o r c e s  e x e r t e d  upon t h e  s p a c e  e x p e r i m e n t  

d u r i n g  l a u n c h .  T h i s  was d o n e  to  a v o i d  d i f f e r e n c e s  i n  t h e  f l i g h t  

a c t i v i t y  b e t w e e n  t h e  z e r o - g  a n d  one-g  test i n s e c t s  t h a t  may 

h a v e  b e e n  c a u s e d  m e r e l y  by  d i f f e r e n c e s  i n  p r e - t e s t  a c c e l e r a t i o n  

l e v e l s  p r e a e n t  i n  t h e  s p a c e  e x p e r i m e n t  d u r i n g  l a u n c h .  F i q u r e  4 

p r e s e n t s  p l o t s  o f  t h e  s i m u l a t e d  g - p r o f i l e  ( p r o v i d e d  a t  JSC a n d  

t h e  e x p e c t e d  n o m i n a l  9 - p r o f i l e  f o r  t h e  STS-3 l a u n c h / a s c e n t  



p h a s e .  

T h e  STS-3 f l i g h t  c r e w  (Commander J a c k  R. Lousma a n d  P i l o t  C. 

G o r d o n  F u l l e r t o n  1 o b s e r v e d  t h e  i n s e c t s  and p e r f o r m e d  t h e  

c o l l a c t i o n  o f  v i d e o t a p e d  a n d  p h o t o q r a p h i c  d a t a  i n  space. The  

a u t h o r  a n d  JSC p e r s o n n e l  o b e e r v e d  r h e  i n r s e c t s  a n d  p e r f o r m e d  

d a t a  c o l l e c t i o n  i n  t h e  one -g  e n v i r o n m e n t  a t  JSC. T h e  f o l l o w i n g  

p r o c e d u r e  ( d e s c r i b e d  i n  t h e  STS-3 Photo/TV C h e c k l i s t ,  r e f e r e n c e  

4 a n d  t h e  STS-3 F l i g h t  R e q u i r e m e n t s  Document ,  r e f e r e n c e  2 )  

was u s e d :  

P r e p a r e  v i d e o  cameras, v i d e o  t a p e  recorder, a n d  35 mm 

camera t o  v i e w  and r e c o r d  t h e  s e t - u p  a n d  c o n d u c t  o f  t h e  

e x p e r i m e n t  a n d  to  g a t h e r  d a t a .  

Remove t h e  i n s e c t  f l i g h t  box frotn Mid-Deck s t o w a g e  l o c k e r  

MA9L a n d  i n s t a l l  i t  on t h e  a i r l o c k ,  a b o v e  t h e  a i r l o c k  h a t c h ,  

O b t a i n  a minimurn o f  1 5  m i n u t e s  o f  t a p e d  v i d e o  a n d  5-10,  35 

mm p h o t o g r a p h s  o f  i n s e c t  f l i g h t  a c t i v i t y .  

Remove t h e  i n s e c t  f l i g h t  box  froin t h e  a i r lor ;?  a n d  re-stow 

i t  i n  L o c k e r  M 9 L .  

The S h u t t l e  O r b i t e r  l a n d e d  a t  a b o u t  1O:OS AM, CS'F on  March  30,  

1 9 8 2  ( 1 9 2  h o u r s  a f t e r  l a u n c h )  a t  N o r t h r u p  S t r i p ,  W h i t e  S a n d s ,  

New Mexico.  T h e  z e r o - g  i n s e c t  f l i g h t  b o x  was t a k e n  o f f  t h e  

S h u t t l e  O r b i t e r  w i t h i n  o n e  h o u r  a f t e r  l a n d i n g  a n d  t h e n  

t r a n s p o r t e d ,  i n  a n  a i r - t i g h t  c o n t a i n e r ,  t o  t h e  J o h n s o n  S p a c e  

C e n t e r  o n  a T-38 a i r c r a f t  ( i n  a c c o r d a n c e  w i t h  S p a c e  S h u t t l e  



P r o g r a m  R e q u i r e m e n t s  C o n t r o l  B o a r d  D i r e c t  i v e  No. S20757A,  s h o w n  

i n  A p p e n d i x  A ) .  I t  a r r i v e d  a t  J o h n s o n  S p a c e  C e n t e r  a b o u t  e i g h t  

h o u r s  a f t e r  t h e  C r b i t e r  l a n d i n g  o n  M a r c h  30 ,  1 9 8 2 .  

T h e  n e x t  clay ( M a r c h  3 1 ,  1 9 8 2  1 ,  b o t h  t h e  c o n t r o l  a n d  fspRce 

e x p e r i m e n t  i n s e c t  f l i g h t  b o x e s  were t a k e n  to  t h e  b r l i v e r e i t y  o f  

H o u s t o n ,  B i o l o g y  D e p a r t m e n t  t o  o b t a i n  p o s t - e x p e r  i m e n t  data on 

t h e  c o n d i t i o n  o f  t h e  i n s e c t s .  T a b l e  1 p r o v i d e s  a eummary o f  t h e  

c o n d i p  i 1s o f  t h e  i n s e c t o  o b s e r v e d  a n d  recorded a t  t h a t  time. 

T h e  f l i e s  w e r e  k e p t  a l i v e  a n d  o b s e r v e d  a t  t h e  U n i v e r s i t y  o f  

H o u s t o n  Department of B i o l o g y  u n t i l  t h e i r  d e a t h u .  T h e  m o t h s  

w e r e  s h i p p e d  t o  Dr. Norman C. L e p p l a  a t  t h e  U S U A  I n s e c t  

R e s e a r c h  L a b o r a t o r y  i n  G a i n e e v i l l e ,  F l o r i d a  f o r  p o s t - f l i g h t  

e x a i n i n a t i o n  a n d  a n a l y s i s .  T h e  1 4  d e a d  bees f r o m  t h e  z e r o - g  b o x  

w e r e  f r o z e n  f o r  p r e s e r v a t i o n .  T h e  1 2  bees f r o m  t h e  o n e - g  b o x  

w e r e  g i v e n  t o  Mr. Me1 C o p l i n  o f  C o p l i n  B e e  F a r m s .  

Of t h e  1 4  d e a d  b e e s  f r o i n  t h e  z e r o - g  bow, s e v e n  w e r e  l a t e r  g i v e n  

t o  Mr. Me1 C o p l i n .  M r .  C o p l i n  l a t e r  s e n t  t w o  o f  t h e s e  ( p l u s  t w o  

of t h e  d e a d  bees f r o m  t h e  o n e - g  b o x )  t o  DL H. S h i m a n u k i  a t  t h e  

USDA B i o e n v i r o n m e n t a l  B e e  L a b o r a t o r y  i n  B e l t s v i l l e ,  M a r y l a n d  

f o r  p o s t - f l i g h t  e x a m i n a t i o n  a n d  a n a l y s i s .  O f  t h e  r e m a i n i n g  

seven bees f r o m  t h e  z e r o - a  b o x ,  t h r e e  w e r e  l a t e r  s e n t  to  

s c i e n t i s t s  i n  t h e  B i o m e d i c a l  L a v i s i o n  a t  N A S A ' s  A m e s  R e s e a r c h  

C e n t e r  a t  M o f f e t t  F i e l d ,  C a l i f o r n i a  f o r  e l e c t r o n  m i c r o s c o p e  

e x a m i n a t i o n s  o f  t h e  p h y s i c a l  c o n d i t i o n  o f  t h e  bees' w i n g s ,  l e g s  

a n d  bodies ( t o  assess t h e  l e v e l  o f  d a m a g e ,  i f  a n y ,  t h a t  



o c c ~ ~ r r e d  d u r i n g  t h e  STS-3 f l r g h t  1 .  

The r e s u l t s  of t h e  p o s t - f  1 i g h t  a n a l y s e s ,  exarninat ions ,  and 

o b s e r v a t i o n s  o f  t h e  i n s e c t s  t h a t  were performed a t  v a r i o u s  

l a b o r a t o r i e s  a r e  r e s e n t e d  i n  the HResu l tsw s e c t i o n  o f  t h i s  

r e p o r t  i n  t h e  " P o s t - F l i g h t  Laboratory O b s e r v a t i o n s w  

s u b - s e c t  i o n .  



Fb. 4 Nominal rocant omnoad accalmratbn congarad to the control axpr. 



TABLE 1 

ZERO-G 

BOX 

ONE-G 

BOX 

NO. OF F L Y  PUPARIA  EMERGED 

NO. OF L I V E  F L I E S  (ADULTS) 

NO. OF MOTH PUPAE EMERGED 

I NO. OF L I V E  MOTHS (ADULTS) 

NO. OF L I V E  BEES (ADULTS) 

NO. OF F L Y  PUPARIA EMERGED 

NO. OF L I V E  F L I E S  (ADULTS) 

NO. OF MOTH PUPAE EMERGED 

NO. OF L I V E  MOTHS (ADULTS) 

NO. OF LIVE BEES (ADULTS) 

COl4D I T  I Ot4S OF I r4SECTS AS OBSERVED 
AT THE DEPkKTflENT OF BIOLOGY, UNIVERSITY OF HOUSTON 

014 MARCH 31, 1982 

" I T  APPEARS THAT TWO OF THE "PUPAEt1 LOADED I N T O  CHAMBER B OF THE ONE-G BOX AT JSC 
WERE, I N  FACT, EMPTY PUPAL CASES. AS A RESULT, 2 2  (RATHER THAL' THE PLANNED 24) 
MOTH PUPAE I N  THAT CHAMBER WERE " L I V E "  PUPAE. 

CHAMBER A 

1 0  OF 1 2  

1 0  OF 1 0  

-- 

2 0  OF 2 4  
- - 

-- 

1 2  OF 1 2  

1 2  OF 1 2  

-- 

16  OF 2 4  

-- 

CHAMBER B 

-- 

-- 

2 2  OF 2 4  

1 5  OF 2 2  

0 OF 1 4  

-- 

-- 

11 OF 22:: 

6 OF 11 

5 OF 1 2  



RESULTS 

D a t a  O b t a i n e d  f r o m  NASA 

A f t e r  t h e  STS-3 f l i g h t ,  NASA p r o v i d e d  t h e  a u t h o r  w i t h  t h e  

f o l l o w i n g  d a t a  items r e l a t e d  t o  t h e  e x p e r i m e n t :  

A p p r o x i m a t e l y  27 m i n u t e s  of v i d e o t a p e d  v i e w s  o f  t h e  i n s e c t  

f l i g h t  box a n d  i n s e c t  f l i g h t  a c t i v i t y  f r o m  t h e  c o m b i n e d  

z e r o - g  t es t s  a n d  one-g  tes ts .  O f  t h i s ,  a b o u t  1 8  m i n u t e s  o f  

t h e  z e r o - g  t a p e  a n d  a b o u t  two  m i n u t e s  o f  t h e  one-g  t a p e  

p r o v i d e d  u s e f u l  d a t a  r e g a r d i n g  i n s e c t  f l i g h t  b e h a v i o r .  

B e c a u s e  of t h i s ,  t h e  r e s u l t s  d i s c u s s e d  h e r e  deal p r i m a r i l y  

w i t h  z e r o - g  test o b s e r v a t i o n s .  

E i g h t  35mm p h o t o g r a p h s  ( 8  x 1 0  p r i n t s )  t a k e n  d u r i n g  t h e  

z e r o - g  tests ( n o  p h o t o s  were o b t a i n e d  f r o m  t h e  one -g  tests) .  

O f  t h e  e i g h t  z e r o - g  p h o t o s ,  f i v e  p r o v i d e d  u s e f u l  d a t a  

r e g a r d i n g  i n s e c t  f l i g h t  b e h a v i o r .  

F l i g h t  C r e w  r e s p o n s e s  to  q u e s t i o n s  s u b m i t t e d  by  t h e  a u t h o r  

a n d  t h e  C o r p o r a t e  S p o n s o r  t o  b e  a s k e d  a t  t h e  STS-3 Crew 

D e b r i e f i n g  o n  A p r i l  8 ,  1 9 8 2 .  A t o t a l  o f  1 5  q u e s t i o n s  were 

s u b m i t t e d .  Answers  to  f o u r  o f  t h e s e  q u e s t i o n s  were o b t a i n e d  

f r o m  t h e  Crew D e b r i e f i n g .  The q u e s t i o n s  s u b m i t t e d ,  a n d  t h e  

Crew r e s p o n s e s  o b t a i n e d  are p r e s e n t e d  i n  A p p e n d i x  0.  



H y p o t h e s e s  

The o v e r a l l  r e s u l t s  of t h e  expc ' t r iment  t h a t  relate t o  t h e  t w o  

s tate, i  h y p o t h e s e s  c a n  b e  s u m m t r i z e d  as f o l l o w s :  

H y p o t h e s i s  I: " I n s e c t s  w i l l  e n c o u n t e r  p r o b l e m s  i n  

p i t c h i n g  o r i e n t a t i o n  i n  z e r o - g  c o n d i t i o n s ,  d e p e n d i n g  upon t h e  

t y p e  of  f l i g h t  c o n t r o l  mechan i sms  p r e s e n t  i n  t h e  s p e c i e s  of  

i n s e c t  o b s e r v e d . "  

T h e r e  is a r e l a t i o n s h i p  b e t w e e n  e a c h  i n s e c t ' s  a b i l i t y  t o  

c o n t r o l  i ts  p i t c h  a t t i t u d e  d u r i n g  f l i g h t  a n d  t h e  t y p e  o f  

f l i g h t  c o n t r o l  mechan i sms  t h e  i n s e c t  h a s .  The f l i g h t  a c t i v i t y  

o f  t h e  i n s e c t s ,  as o b s e r v e d  on v i d e o  tape by t h e  a u t h o r ,  

v a r i e d  c o n s i d e r a b l y  i n  d u r a t i o n  a n d  i n  a b i l i t y  o f  t h e  i n s e c t s  

t o  c o n t r o l  t h e i r  m o t i o n  i n  z e r o  g r a v i t y .  

The  f l i g h t  a c t i v i t y  of  t h e  f l y  i n  z e r o - g  was v e r y  b r i e f  i n  

d u r a t i o n ;  u s u a l l y  less t h a n  o n e  s e c o n d  f o r  e a c h  f l y  a n d  i n  

o n e  case a b o u t  f o u r  s e c o n d s .  The f l i e s  a p p e a r e d  to  b e  c a p a b l e  

o f  c o n t r o l l i n g  t h e i r  p i t c h  a t t i t u d e  a n d  f l i g h t  p a t h  v e r y  well 

d u r i n g  f l i g h t  t h r o u g h o u t  t h e  o b s e r v a t i o n  p e r i o d  i n  s p a c e .  

The  " a c t i v e "  f l i g h t  a c t i v i t y  o f  t h e  b e e s  i n  z e r o - g  was a lso  

v e r y  b r i e f  i n  d u r a t i o n  a n d  u s u a l l y  r e s u l t e d  i n  f l o a t i n g ,  

w i t h o u t  w i n g b e a t ,  w i t h  n o  c o n t r o l  o f  a t t i t u d e  i n  a n y  axis .  I n  

o n e  case, t w o  b e e s  were o b s e r v e d  on t h e  s c r e e n  t o g e t h e r .  Bo th  

b e e s  l e f t  t h e  s c r e e n ,  "hooked"  t o g e t h e r  a n d  s p i n n i n g  r a p i d l y ,  

w h i c h  lasted f o r  a b o u t  25 s e c o n d s .  A f t e r  s e p a r a t i n g ,  b o t h  



b e e s  wen t  o f f  s p i n n i n g  i n  d i f f e r e n t  d i r e c t i o n s .  

The  f l i g h t  a c t i v i t y  of  t h e  m o t h s  i n  s p a c e  was also  b r i e f ,  

l a s t i n g  less t h a n  t e n  s e c o n d s  d u r i n g  e a c h  a t t e m p t  b y  a moth.  

D u r i n g  f l i g h t ,  t h e  body  a x i s  m i g h t  b e  o r i e n t e d  i n  a n y  

d i r e c t i o n .  T h e  m o t h s  ' f l i g h t  p a t t e r n s  were v e r y  u n c o n t r o l l e d  

a n d  w o u l d  o f t e n  " l e v e l  o f f "  to  j u s t  m a i n t a i n i n g  p o s i t i o n  

a g a i n s t  t h e  s u r f a c e  of t h e  f l i g h t  c h a m b e r .  

I n  summary ,  t h i s  h y p o t h e s i s  was s u p p o r t e d  by  t h e  r e s u l t s  

o b t a i n e d .  T h e  f l i e s  ( w h o s e  f l i g h t  c o n t r o l  m e c h a n i s m s  i n c l u d e  

h a l t e r e s )  d i d  a p p e a r  a b l e  t o  c o n t r o l  t h e i r  o r i e n t a t i o n s  a n d  

f l i g h t  p a t h s  b e t t e r  t h a n  t h e  m o t h s  or bees. 

a H y p o t h e s i s  11: " I n  t h e  a b s e n c e  o f  g r a v i t y ,  f l y i n g  i n s e c t s  

w i l l  be a t t racted to ,  a n d  f l y  i n ,  t h e  area o f  t h e  b r i g h t e s t  

i l l u m i n a t i o n  i n  t h e  f l i g h t  box . "  

T h i s  h y p o t h e s i s  was d i f f i c u l t  t o  c o n f i r m  s i n c e  n e i t h e r  

d i r e c t i o n  o f  t h e  l i g h t  s o u r c e  n o r  i n t e n s i t y  o f  l i g h t i n g  o f  

t h e  i n s e c t  f l i g h t  b o x  were s y s t e m a t i c a l l y  v a r i e d  as part  of  

t h e  e x p e r i m e n t .  

O n  t h e  f i r s t  t e s t  d a y  i n  s p a c e  ( b l i g h t  d a y  3 1 ,  t h e  l i g h t i n g  

c o n d i t i o n s  w e r e  u n i f o r m  t h r o u g h o u t  t h e  f l i g h t  box .  T h e  f l i g h t  

a c t i v i t y  o f  a l l  i n s e c t s  was a l so  o b s e r v e d  t h r o u g h o u t  t h e  

f l i g h t  box ,  w i t h  n o  a p p a r e n t  p r e f e r e n c e  f o r  a n y  area. T h e  

m o t h s  wou ld  o f t e n  rest o n  t h e  f r o n t  p l a n e  o f  t h e  box .  

T h e  l i g h t i n g  c o n d i t i o n s  were d i f f e r e n t  d u r i n g  t h e  s e c o n d  test 



d a y  i n  s p a c e  ( o n  f l i g h t  d a y  6 ) .  T h e  l i g h t  i n t e n s i t y  was  

g r e a t e s t  i n  t h e  u p p e r  t h i r d  o f  t h e  f l i g h t  c h a m b e r .  A l l  m o t h s  

e x h i b i t i n g  f l i g h t  a c t . i v i t y  d i d  so i n  t h e  r e g i o n  of  t h e  

b r i g h t e s t  i l l u m i n a t i o n .  H o w e v e r ,  w l t h o u t  s y s t e m a t i c  v a r i a t i o n  

o f  t h e  L l g h t i n g ,  t h e  d e g r e e  o f  a t t r a c t i o n  c a n n o t  b e  

d e t e r m i n e d .  On t h e  s e c o n d  tsst d a y  i n  s p a c e ,  no  m o t h s  w e r e  

s e e n  r e s t i n g  or) t h e  f r o n t  p l a n e  o f  t h e  box. 

T h e  a t t r a c t i o n  t o w a r d s  L i g h t  among t h e  b e e s  a n d  f l i e s  c a n n o t  

be d e t e r m i n e d  a t  t h i s  p o i n t  s i n c e  t h e  b e e s  m o s t l y  f l o a t e d  

a b o u t  a n d  t h e  f l i e s  t e n d e d  to  f l y  i n  a l l  a r eas  o f  t h e  b o x  

d u r i n y  b o t h  p e r i o d s  o f  o b s e r v a t i o n  i n  s p a c e .  

I n  surmnary,  t h i s  h y p o t h e s i s  was  s u p p o r t e d  t o  some e x t e n t  b y  

t h e  r e s u l t s  Eor t h e  m o t h s  b u t  n o t  f o r  t h e  bees a n d  f l i e s .  

O t h e r  O b s e r v a t i o n s  

One r e l a t i o n s h i p  o b s e r v e d  was  t h a t  a g i t a t i o n  ( i . e . ,  t a p p i n g ,  

s h a k i n g ,  r o t a t i n g ,  etc. o f  t h e  f l i g h t  b o x  b y  t h e  a s t r o n a u t s  

c a u s e d  a n  i n c r e a s e  i n  f l i g h t  a c t i v i t y  f o r  a l l  t h r e e  i n s e c t  

s p e c i e s .  One i n s t a n c e  o f  t h i s  o c c u r r e d  when o n e  o f  t h e  

a s t r o n a u t s  bumped t h e  b o x  when it was m o u n t e d  o n  t h e  a i r l o c k .  

I n o t h e r  i n s t a n c e  was  d u r i n g  a s t r o n a u t  m a n i p u l a t i o n ,  when t h e  

b o x  w a s  r e m o v e d  f r o i n  t h e  a i t l o c k .  When t h e  v e l c r o  p a d  h o o k  a n d  

p i l e  s u r f a c e s  were p u l l e d  a p a r t ,  w h i c h  n o r m a l l y  c a u s e s  some 

v i b r a t i o n s  ( a n d  a " r i p p i n g "  s o u n d ) ,  a g a i n  t h e  E l i g h t  a c t i v i t y  

i n c r e a s e d  (most n o t a b l y  i n  t h e  m o t h s  1 .  F i g u r e  5 s h o w s  t h e  

i n c r e a s e  i n  f l i g h t  a c t i v i t y  of t h e  m o t h s  i n  r e s p o n s e  t o  t w o  



v i b r a t i o n s  o f  t h e  box  by t h e  a s t r o n a u t s .  

I n s e c t s  g r e a t l y  s t i m u l a t e d  o n e  a n o t h e r  t o  f l y  t h r o u g h o u t  t h e  

o b s e r v a t i o n  i n  s p a c e .  T h i s  was l a r g e l y  c a u s e d  by  the m o t h s  a n d  

t h e  bees i n a b i l i t y  t o  c o n t r o l  t h e i r  d i r e c t i o n  o f  t r a v e l  when i n  

f l i g h t  a n d  t h e i r  r e s u l t a n t  c o l l i s i o n s  (or  n e a r  c o l l i s i o n s  1 w i t h  

o t h e r ,  " r e s t i n g " ,  i n s e c t s .  

Also, a i r  d i s t u r b a n c e s  ( c r e a t e d  by t h e  m o t h s  a n d  bees 

e s p e c i a l l y  w o u l d  s t i m u l a t e  a d d i t i o n a l  f l i g h t  among a l l  t h r e e  

s p e c i e s  o f  t h e  i n s e c t s  when t h e y  were a t  rest i n  z e r o  g r a v i t y .  

Emergence  o f  b o t h  f l y  p u p a r i a  a n d  moth  p u p a e  i n  s p a c e  was  

s u c c e s s f u l .  P o s t - f l i g h t  a n a l y s i s ,  as shown i n  T a b l e  1, 

i n d i c a t e d  t h a t  1 0  o f  t h e  1 2  f l y  p u p a r i a  a n d  22 o f  t h e  24 moth 

p u p a e  e m e r g e d  d u r i n g  t h e  STS-3 f l i g h t .  A l a r g e  number h a d  

e m e r g e d  p r l o r  t o  t h e  f i r s t  o b s e r v a t i o n  ( a t  a b o u t  55 h o u r s  a f t e r  

t h e  l a u n c h  o f  t h e  S p a c e  S h u t t l e  o n  f l i g h t  d a y  3 ) .  T h i s  

o b s e r v a t i o n  is s u p p o r t e d  by v i d e o t a p e d  d a t a  a n d  35 mm p h o t o s  

t a k e n  a t  t h a t  t i m e .  E i g h t e e n  a d u l t  m o t h s  w e r e  c o u n t e d  i n  

Chamber B i n  o n e  p h o t o .  S i n c e  1 2  p u p a e  were g l u e d  down a n d  1 2  

p u p a e  w e r e  f r e e l y  f l o a t i n g  i n  Chamber 0 ,  t h e r e  m u s t  h a v e  b e e n  

l i t t l e  d i f f e r e n c e  i n  t h e  moths  a b i l i t y  to  e m e r g e  f r o m  p u p a e  

t h a t  w e r e  e i t h e r  g l u e d  down or f r e e l y  f l o a t i n g  i n  space. 

No major d i f f e r e n c e s  i n  f l i g h t  a c t i v i t y  w e r e  o b s e r v e d  b e t w e e n  

t h e  y o u n g e r  a d u l t  m o t h s  w h i c h  e m e r g e d  f r o m  p u p a e  a n d  d e v e l o p e d  

t h e i r  w i n g s  i n  zera-g a n d  t h e  o l d e r  a d u l t  m o t h s  t h a t  h a d  



emerged  on E a r t h .  

A moth i n  ze ro -g  h a v i n g  d i f f i c u l t y  making f i r m  c r ~ n t a c t  w i t h  a 

s u r f a c e  r e s p o n d e d  by b r i e f l y  f l a p p i n g  i ts w i n g s  u n t i l  c o n t a c t  

was c o m p l e t e .  The legs and  f e e t  of  t h e  moth c o u l d  t h e n  b e  u s e d  

f o r  a n c h o r a g e .  Most moths  i n  one-g p r e f e r r e d  to  s t a y  on t h e  

b o t t o m  or f l o o r  of t h e  f l i g h t  box,  p e r h a p s  d u e  to  e n e r g y  

e x p e n d e d  overcoming  g r a v i t y  when f l y i n g .  

Moths i n  Chamber B ("young a d u l t n  motha 1 of  t h e  z e r o - g  box were 

o c c a s i o n a l l y  s e e n  f l o a t i n g  w i t h  t h e  w i n g s  f l a t  open.  No more 

t h a n  a s i n g l e  moth was e v e r  [:sen f l o a t i n g  a t  a n y  g i v e n  moment 

d u r i n g  o b s e r v a t i o n .  N o  moths  i n  Chamber A (wo ld  a d u l t n  m o t h s )  

o f  t h e  z e r o - g  box were o b s e r v e d  to  f l o a t  a t  a n y  time i n  s p a c e .  

A t y p i c a l  f l o a t  p e r i o d  s t a r t e d  w i t h  a moth f l y i n g  a n d  t h e n  

s t o p p i n g  i ts  w i n g b e a t  to  f l o a t  a n d  t h e n  la te r  r e s u m i n g  

w i n g b e a t .  The d u r a t i o n  of f l o a t i n g  i n c r e a s e d  d u r i n g  t h e  f i r s t  

( f l i g h t  day 3 )  o b s e r v a t i o n s  i n  s p a c e .  Ten s e p a r a t e  p e r i o d s  of 

f l o a t i n g  b e h a v i o r  were noted d u r i n g  t h e s e  o b s e r v a t i o n s .  Nine oE 

t h e s e  p e r i o d s  l a s t e d  5-25 s e c o n d s .  The greatest p e r i o d  o b s e r v e d  

i n  s p a c e  was n e a r l y  t h r e e  m i n u t e s  l o n g .  However, o n  f l i g h t  d a y  

6 i n  s p a c e ,  t w o  moths  were s e e n  f l o a t i n g  t h r o u g h o u t  t h e  

t e s t i n g .  S i n c e  no w i n g b e a t  was s e e n  f o r  t h e s e  moths ,  t h e y  may 

h a v e  b e e n  dead .  Also, t h e i r  w i n g s  were c l o s e d  compared to  wings  

F u l l y  opened  d u r i n g  f l o a t i n g  b e h a v i o r  o b a e r v e d  o n  f l i g h t  d a y  3. 

I n  t h e  one-g c o n t r o l  tests, t h e  moths  n e v e r  f l e w  h e a d  down or 

u p s i d e  down. Changes  i n  v e l o c i t y  d u r i n g  z e r o - g  f l i g h t  o c c u r r e d  



a s  a r e s u l t  o f  a p a u s e  or r e d u c t i o n  i n  a m p l i t u d e  o f  t h e  

w i n g b e a t ,  l e a d i n g  to  v a r i a b l e  p i t c h i n g  r o t a t i o n  a n d  loss o f  

s p e e d .  As t h e  moth  a g a i n  b e g a n  t o  best  i ts  w i n g s  m o r e  s t r o n g l y ,  

i t  m i g h t  m o v e  o f f  i n  a d i f f e r e n t  d i r e c t i o n  d e t e r m i n e d  b y  t h e  

new p i t c h  a n g l e .  

F i v e  35 mm p h o t o g r a p h s  w e r e  a n t l y z e d  t o  d e t e r m i n e  t h e  

o r i e n t a t i o n  o f  t h e  l o n g  b o d y  a x i s  o f  m o t h s  o n  t h e  f r o n t  p lane  

i n  z e r o  g r a v i t y .  R e s u l t s  a r e  s h o w n  i n  T a b l e  2. An i n t e r e s t i n g  

f e a t u r e  o f  t h e  b e h a v i o r  o f  m o t h s  a t  z e r o - 9 ,  b o t h  w h i l e  a t  rest 

and i n  f l i g h t ,  was t h a t  t h e  l o n g  a x i s  o f  t h e  b o d y  m i g h t  he 

o r i e n t e d  i n  a n y  d i r e c t i o n  w i t h  respect t o  t h e  b o x  f r a m e  o f  

r e f e r e n c e .  T h e  b o d y  a x i s  when a t  res t  s e e m e d  to  be s o l e l y  

d e t e r m i n e d  b y  t h e  d i r e c t i o n  o f  f l i g h t  p r i o r  t o  l a n d i n 3  o n  a 

s u r f a c e .  

T h e  f l i e s  o b s e r v e d  i n  s p a c e  s p e n t  m o r e  time w a l k i n g  a b o u t  i n  

r a n d o m  d i r e c t i o n s  t h a n  f l y i n g .  A g r o u p  o f  s i x  f l i e s  w a l ~ i n g  o n  

t h e  f r o n t  p l a n e  c o u l d  b e  s e e n  b r i e f l y  f l y i n g  a f e w  i n c h e s  a t  a 

t i m e .  No f l o a t i n g  o c c u r r e d  f o r  a n y  f l i e s  d u r i n g  a n y  time of t h e  

o b s e r v a t i o n .  T h e  f l i e s  l e g s  a n d  f e e t  e n a b l e d  t h e m  t o  c l i n g  to  

a l l  i n t e r i o r  s u r f a c e s  o f  t h e  f l i g h t  b o x .  

T h e  b e e s  i n  s p a c e  p r e f e r r e d  to  s t a y  o n  t h e  s c r e e n e d  s u r f a c e s .  

~t o n e  time, s e v e n  bees c o u l d  b e  s e e n  w a l k i n g  o n  t h e  s c r e e n e d  

c e n t r a l  d i v i d e r .  4 s imi lar  r e s p o n s e  o c c u r r e d  i n  b o t h  t h e  zero--g 

a n d  o n e - g  tests  when a b e e  w a s  o b s e r v e d  w a l k i n g  o n  t h e  s s r e e n  

s u r f a c e  u n t i l  c o m i n g  i n  c o n t a c t  w i t h  t h e  s m o o t h  h e x a n  s u r f a c e .  



An immediate r e s p o n s e  to  f l y  was t h e n  o b s e r v e d .  One bee was 

o b s e r v e d  f l y i n g  a g a i n s t  t h e  f r o n t  Lexan s u r f a c e ,  g r a d u a l l y  

c h a n g i n g  h i s  d i r e c t i o n  o f  m o t i o n  u n t i l  he  came i n t o  c o n t a c t  

w i t h  the s c r e e n .  He t h e n  g r a s p e d  t h e  s c r e e n ,  ceased w i n g b e a t ,  

a n d  rested. 

When a bee was f l o a t i n g  i n  space, i t s  l e g 8  would  be moving (as 

o b s e r v e d  i n  t h e  v i d e o  data a n d  c o n f i r m e d  by t h e  a s t r o n a u t s ) .  

More bees were s e e n  t.o be f l o a t i n g  on  f l i g h t  day 6 t h a n  on 

f l i g h t  day 3. T h i s  may be a r e s u l t  J €  a n  i n c r e a s e  i n  t h e  number 

o f  dead b e e s  o b s e r v e d  on f l i g h t  d a y  6. 

A p h o t o g r a p h  of t h e  f l i g h t  chamber  f r o m  s p a c e  r e v e a l s  t h e  f e c e s  

deposits on  t h e  i n n e r  s u r f a c e s  of  t h e  box.  Marks l e f t  by bees 

a n d  moths  were t h e  mout n o t i c e a b l e .  P a t t e r n s  of f e c e s  

d i s t r i b u t i o n  i n  t h e  z e r o - g  box d i f f e r e d  g r e a t l y  f r o m  t h o s e  i n  

t h e  one-g  box.  I n  t h e  one-g  box, t h e  m o t h s  f e c e s  c o v e r e d  a n  

a r e a  a r o u n d  t h e  p e r i m e t e r  o f  t h e  box,  w i t h  t h e  h e a v i e s t  

c o v e r a g e  by t h e  f e e d e r .  I n  t h e  z e r o - g  box ,  a n  e v e n  c o v e r a g e  of  

f e c e s  was p r e s e n t  t h r o u g h o u t  t h e  box. 

P o s t - F l i g h t  L a b o r a t o r y  O b s e r v a t i o n s  

The r e s u l t s  o f  t h e  p o s t - f l i g h t  o b s e r v a t i o n s  o f  t h e  i n s e c t s  a t  

v a r i o u s  laboratories ( t h a t  were m e n t i o n e d  ear l ie r  a t  t h e  e n d  o f  

t h e  N P r o c e d u r e s n  s e c t i o n  1 are sumnar i z e d  below. F o r  r e f e r e n c e ,  

T a b l e  1 p r e s e n t s  t h e  c o u n t s  o f  t h e  numbers  of  , n s e c t s  i n  t h e  

z e r o - g  and  one-g  f l i g h t  b o x e s  when t h e y  w e r e  i n i t i a l l y  examined  

a t  t h e  U n i v e r s i t y  o f  Hous ton  B i o l o g y  D e p a r t m e n t  on March 31, 



1 9 8 2  ( t h e  d a y  a f t e r  t h e  STS-3  l a n d i n g  1 .  

I n  a n  i n f o r m a l  c o m m u n i c a t i o n ,  D r .  R i c k  L e e  ( w h o  is now a t  Miami 

U n i v e r s i t y  i n  H a m i l t o n ,  O h i o )  p r o v i d e d  t h e  i n f o r m a t i o n  

p r e s e n t e d  i n  T a b l e  3 f o r  the f l i e s  t h a t  w e r e  r e t a i n e d  a n d  

o b s e r v e d  a t  t h e  U n i v e r s i t y  of H o u s t o n .  T h e  da ta  i n  T a b l e  3 

i n d i c a t e s  a decrease i n  t h e  r e p r o d u c t i v e  p e r f o r m a n c e  f o r  t h e  

f e m a l e  f l i e s  t h a t  f l e w  o n  t h e  Space S h u t t l e  as  c o m p a r e d  t o  

t h o s e  t h a t  r e n a i n e d  i n  t h e  n o r m a l  o n e - q  e n v i r o n m e n t .  T h e s e  

o b s e r v a t i o n s  ( a n d  o t h e r s !  w i l l  b e  t h e  s u b j e c t s  o f  a F u t u r e  

p a p e r  (now i n  p r e p a r a t i o n )  b y  D r .  L e e ,  Dr .  Edwin  B r y a n t ,  a n d  

D r .  J o h n  B a u s t .  

I n  o t h e r  i n f o r m a l  c o m m u n i c a t i o f i s ,  M r .  M e 1  C o p l i n  a n d  D r .  R i c k  

L e e  p r o v i d e d  t h e  r e s u l t s  o f  a n  a n a l y s i s  o f  t h e  s u g a r  c o n t e n t  o f  

t h e  r e m a i n i n g  s u g a r - w a t e r  s c l u t i o n  i n  o n e  o f  t h e  i n s e c t  f e e d e r s  

f r o m  t h e  z e r o - g  box .  T h i s  a n a l y s i s  w a s  p e r f o r m e d  a t  t h e  

U n i v e r s i t y  o f  H o u s t o n  ( u s i n g  h i g h  p e r f o r m a n c e  l i q u i d  

c h r o m a t o g r a p h y  1 o n  M a r c h  3 1 ,  1982 .  T h e  sugar c o n t e n t  f o u n d  i n  

t h e  s o l u t i o n  w a s :  

S u c r o s e  1 2 . 1 %  

F r u c t o s e  0 . 9 %  

G l u c o s e  8 .0% 

TOTAL 21.0% 

I n  o t h e r  i n f o r m a l  c o m m u n i c a t i o n s ,  D r .  D e l b e r t  P h i l p o t t  a n d  D r .  

Jaime M i q u e l  o f  NASA's Ames R e s e a r c h  C e n t e r  p r o v i d e d  t h e  

r e s u l t s  o f  e l e c t r o n  m i c r o s c o p e  e x a m i n a t i o n  o f  t h r e e  o f  t h e  bees 



t h a t  f l e w  o n  STS-3. Thia work was c a r r i e d  on a t  N A S A / A m e s  a n d  

may a lso  r e s u l t  i n  a s u b s e q u e n t  p a p e r  or r e p o r t  by Ameo 

scientists. I n  summary, no damage to  t h e  b e e s '  w i n g s ,  l e g s ,  or 

b o d i e s  was o b s e r v e d .  

I n  a d d i t i o n ,  D r .  Shim Sh imanuk i  of  t h e  USDA B i o e n v i r o n w n t a l  

Bee L a b  i n  B e l t s v i l l c ,  Mary land  p r o v i d e d  t h e  f o l l o w i n g  eunanary 

f r o m  h i s  e x a m i n a t i o n  of  t h e  f o u r  b e e s  ( 2  f r o m  t h e  z e r o - g  box 

a n d  2 from t h e  one-g b o x )  s e n t  to him by Mr. Me1 C o p l i n r  

The z e r o - g  b e e s  were f r e e  of  a n y  known b e e  d i s e a s e s  

C l i p p i n g  o f  the t i p s  of  t h e  b e e s '  s t i n g e r s  d i d  n o t  

r e d u c e  t h e  l i f e o p a n  of  t h e  b e e s  

The s u g a r  s o l u t i o n  u s e d  f o r  f e e d i n g  t h e  i n s e c t s  was ntoo 

d i l u t e H  to  s u s t a i n  t h e  b e e s  o v e r  a 9-day p e r i o d  

The u s e  of epoxy  g l u e  ( t o  g l u e  moth p u p a e  down i n  

Cha~nbar B of t h e  z e r o - g  b o x )  d i d  n o t  seem t o  harm t h e  b e e s  

The p r o b l e m  o f  b e e  s u r v i v a l  was p r o b a b l y  w i t h  t h e  s u g a r  

s o l u t i o n  a n d  f e e d i n g  s y s t e m  ( i .e . ,  t h e  b e e s  c o u l d  n o t  g e t  

s u f f i c i e n t  f o o d ) .  

Dr. Norman C. L e p p l a  of t h e  USDA I n s e c t  R e s e a r c h  L a b o r a t o r y  i n  

G a i n e s v i l l e ,  F l o r i d a  p r o v i d e d  i n f o r m a t i o n  b a s e d  upon h i s  

p o s t - f  l i g h t  o b s e r v a t i o n s  o f  t h e  moths  u s e d  i n  t h e  e x p e r i m e n t  

a n d  t h e  p r o g e n y  o f  t h e s e  moths .  Dr. L e p p l a ' s  o b s e r v a t i o n s  w i l l  

a l s o  b e  t h e  s u b j e c t  of  a s u b ~ e q u e n t  p a p e r  or j o u r n a l  article.  



I n  summary, t h e  o b s e r v a t i o n s  i n d i c a t e d 8  

a The VBC r n o t t ~ s  t h a t  f l e w  on  STS-3 d i d  n o t  ma te  w h i l e  i n  

t h e  z e r o - g  e n v i r o n m e n t .  They d i d  mate a f t e r  b e i n g  r e t u r n e d  

t o  t h e  l a b o r a t o r y  and  showed no a p p r e c i a b l e  d e c r e a s e  i n  

f e r t i l i t y  as compared to  t h e  one-g c o n t r o l  g r o u p  o f  moths  

o b s e r v e d  a t  JSC. 

a The ra te  of  o v i p o s i t i o n  and  t h e  d e v e l o p m e n t  of r e s u l t i n g  

p r o g e n y  was e q u i v a l e n t  f o r  t h e  two g r o u p s  f o r  two 

g e n e r a t i o n s  o f  t h e  moths  i n  t h e  l a b o r a t o r y .  

T a b l e  4 p r e s e n t s  a sumnary  of  t h e  l o n g e v i t y  of t h e  moths  

f o l l o w i n g  t h e  STS-3 f l i g h t  ( a n d  r e t u r n  of t h e  moths  to  D r .  

L a p p l a ' s  L a b o r a t o r y ) .  F i g u r e  6 p r e s e n t s  p l o t s  of  t h e  d a t a  

i n  T a b l e  4 (Note: I n  F i g u r e  6 ,  Day 1 0  is March 31, 1982  1 .  



~ b .  6 The Reeult of Aotronaut lndueed Vlbrrtlono on Fllght Aotlvhy of Moth@ in 8prce 



TABLE 2 

NOTES : 

(1) FOR BODY ORIENTATION:  

NUMBERS OF MOTHS AT VARIO l lS  BODY ORIENTATIONS ON THE 
FRONT PLANE OF THE ;NSECT F L I G H T  BOX 

"HEAD UP" I N D I C A T E S  BODY A X I S  >30° AGOVE HORIZONTAL 
"HEAD DOWN" I N D I C A T E S  BODY A X I S > 3 0 °  BELOW HORIZONTAL 
"HEAD RIGHT"  AND "HEAD LEFT"  I N D I C A T E S  BODY A X I S  L 3 0 °  
FROM HORIZONTAL 

GRAV I TY 
LEVEL ( 2 )  

ZERO-G 

ONE-G 

( 2 )  THE DATA WERE CBTAINED AS FOLLOWS: 

FOR ZERO-G: COUNTING NUMBER OF MOTHS AT EACH 
ORIENTATION I N  5 PHOTOS TAKEN DURING 
ZERO-G TESTS. COUNTS ARE SUMS FOR THE 
5 PHOTOS. 

4 FOR ONE-G: COUNTING NUMBER OF MOTHS AT  EACH 
O R I E h T A T I O N  DURING A ONE-MINUTE V IEWING 
OF VIDEOTAPE FROP THE ZERO-G TESTS. 

0 0  
- 3  

BODY O R I E N T A T I O N  < I )  

HEAD 
LEFT 

- 
3 

0 

* 

HEAD 
UP 

1 7  

8 

HEAD 
GOWN 

2 0 

0 

HEAD 
R I G H T  

18 

0 



TABLE 3 

POST-FLIGHT OBSERVATlOHS OF FLIES AT THE UW IVERSITY OF HOUSTON 

PERCENT OF FEMALES L A Y I N G  
EGGS A T  F I R S T  OPPORT'JNITY 
CN=7 FOR EACH BOX) 

NUMBER OF EGG CLUTCHES 
L A I D  PER FEMALE OVER THE 
L I V E S  OF THE FEMALES 
- 
X 5 SEM:: 

TOTAL NO. OF EGGS L A I D  PER 
FEMALE DURING F I R S T  35 DAYS 
- 
X 5 SEM 

LONGEVITY 
(DAY 1 = 3/23/82) 
- 
X 5 SEM 
(RANGE) 

ZERO-G BOX 
VS. 

ONE-G BOX 

-57.1% 

-27.4% 

-26.5% 

-0.6% 

+47.7% 

I 

1 
ONE-G BOX 

FEMALES 

MALE 

85.7% 

6.2 5 0.7 

531.6 2 50.3 

34.4 5 2.6 DAYS 

(28 - 43) 

17.6 2 2.6 DAYS 

(11 - 25) 
I 

28.6% 

4.5 +- 1.3 

390.5 2 99.9 

34.2 5 4.3 DAYS 

(23 - 45) 

26.0 5 2.0 DAYS 

(22 - 28) 



TABLE 4 

NUr1BER OF L I V E  IOTHS ON GIVEN DATES 
(AT THE USDA INSECT RESEARCH LAB IN GAINESVILLE, FLORIDA) 

I I DATE:: I 

::REFERENCE DATES 

3 / 2 1 / 8 2 :  MOTHS LOADED INTO FL IGHT BOXES (AS PUPAE I N  CHAMBERS B) 
3 / 2 2 / 8 2 :  STS-3 LAUNCH 
3 / 3 0 / 8 2 :  STS-3 LANDING 
3 / 3 1 / 8 2 :  F I R S T  POST-FLIGHT COUNT OF INSECTS (AT UNIVERSITY OF HOUSTON) 
4 / 2 / 8 2 :  REMAINING L I V E  MOTHS RECEIVED AT USDA LAB I N  GAINESVILLE,  FLORIDA 
4 / 2 8 / 8 2 :  LAST REMAINlNG MOTH (MALE FROM CHAMSER A OF ONE-G BOX) WAS "TERMINATED" 





DISCUSSION 

C o n d u c t  of t h i s  e x p e r i m e n t  a b o a r d  a S p a c e  S h u t t l e  f l i g h t  

e n a b l e d  s t u d y  of t h e  a c t i v i t y  of i n s e c t s  a t  z e r o - g  f o r  a l o n g e r  

t i m e  p e r i o d  t h a n  p r e v i o u s l y  h a s  been  p o s s i b l e .  The STS-3 f l i g h t  

was a n  e i g h t - d a y  m i s s i o n  i n  s p a c e  f o r  74 * ' i n s e c t r o n a u t s ~ .  The 

e x p e r i m e n t  was s t o w e d  i n  d a r k n e s s  i n  a s t o w a g e  l o c k e r ,  w i t h  a i r  

c i r c u l a t i o n  p r e s e n t ,  f o r  n e a r l y  t h e  e n t i r e  m i s s i o n ,  e x c e p t  f o r  

t h e  a p p r o x i m a t e l y  30 m i n u t e s  of  e x p o s u r e  t o  l i g h t  d u r i n g  d a t a  

c o l l e c t i o n .  T h i s  may h a v e  m o d i f i e d  t h e  o v e r a l l  n a t u r a l  

r e s p o n s e s  o f  t h e  i n s e c t s  when i n i t i a l l y  e x p o s e d  to l i g h t  f o r  

t h e  data c o l l e c t i o n .  

I t  w c ~ u l d  h a v e  been  d e s i r a b l e  to  o b s e r v e  t h e  i n s e c t s '  r e a c t i o n s  

d u r i n g  t h e i r  v e r y  f i r s t  e x p o s u r e  t o  w e i g h t l e s s n e s s  a f t e r  

l a u n c h .  However, a n  a u t o m a t e d  d a t a  c o l l e c t i o n  s y s t e m  would  h a v e  

been needed  f o r  t h i s  i n i t i a l  o b s e r v a t i o n  i n  s p a c e ,  s i n c e  no 

crew i n v o l v e m e n t  c o u l d  b e  e x p e c t e d  a t  s u c h  a c r i t i ca l  p h a s e  i n  

t h e  m i s s i o n .  

S p e c i e s  were c a r r i e d  t o g e t h e r  i n  t h e  f l i g h t  box.  P e r h a p s  t h e  

p r e s e n c e  of o t h e r  i n s e c t  species a l so  r e s u l t e d  i n  m 3 i f  i e d  

r e s p o n s e s .  I n s e c t s  may h a v e  r e a c t e d  d i f f e r e n t l y  i f  e a c h  species 

were  a l o n e  i n  t h e  f l i g h t  box. 

O t h e r  a r t i f i c i a l  s t i m u l i  were t h e  v i b r a t i o n s  i n d u c e d  by t h e  

a s t r o n a u t s '  m a n i p u l a t i o n  of  t h e  box. The m o t h s ,  which  r e s p o n d e d  

t h e  g r e a t e s t  d u r i n g  v i b r a t i o n ,  may h a v e  n o t  e v e n  a t t e m p t e d  to  

f l y  a t  a l l  d u r i n g  o b s e r v a t i o n  h a d  t h e  a s t r o n a u t s  n o t  



m a n i p u l a t e d  t h e  box ( b y  t a p p i n g ,  s h a k i n g ,  a n d  r o t a t i n g  i t ) .  

The f l i g h t  box i t s e l f  r e p r e s e n t e d  a n  o b v i o u s l y  a r t i f i c i a l  

s i t u a t i o n  f o r  a l l  o f  t h e  i n s e c t s  f l i g h t  a c t i v i t y ,  s i n c e  i t  

c o n s t r a i n e d  t h e i r  f l i g h t  to a r e l a t i v e l y  small area. 

The t e x t u r e s  o f  t h e  i n n e r  s u r f a c e s  v a r i e d  f rom s c r e e n  to  smooth  

Lexan  p l a s t i c .  S i n c e  t h e  t h r e e  s p e c i e e  s t u d i e d  h a v e  

s t r u c t u r a l l y  d i f f e r e n t  f e e t  and  l e g s ,  t h e i r  a b i l i t y  t o  c l i n g  to  

a n y  s u r f a c e  was n o t  t h e  same. T h i s  may h a v e  had a n  e f f e c t  on 

t h e  l o c a t i o n  of a n  i n s e c t  when st rest s i n c e ,  i n  s p a c e ,  

c l i n g i n g  to  a s u r f a c e  was n e c e s s a r y  t o  s e r v e  as a n  " a n c h o r n  to  

p r e v e n t  d r i f t i n g  when n o t  f l y i n g .  

Of t h e  i n s e c t s  o b s e r v e d ,  t h e  b e e s  seemed t o  b e  l imited to  t h e  

u r e a t e s t  e x t e n t .  The b e e s  were o b s e r v e d  r e s t i n g  a n d  w a l k i n g  

o n l y  on  t h e  s c r e e n  s u r f a c e s  o f  t h e  box  i n  z e r o  g r a v i t y .  The 

b e e s  a l so  a p p e a r e d  to  e x p e r i e n c e  g r e a t  d i f f i c u l t y  i n  

c o n t r o l l i n g  t h e i r  o r i e n t a t i o n s  f o r  l a n d i n g  a n d  f o r  p r o p e r l y  

con tap':^^ a s u r f a c e  to  grasp it p r i o r  t o  a rest p e r i o d .  Only  

o n e  b e e  was e v e r  o b s e r v e d  t o  l a n d  on a smooth  Lexan s u r f a c e  i n  

zero-g. T h i s  b e e  t h e n  f l e w  a g a i n ,  s o o n  a f t e r w a r d s ,  upon b e i n g  

c o n t a c t e d  by a moth. Bees  i n  t h e  c o n t r o l  ( o n e - g )  tests, 

h o w e v e r ,  were c a p a b l e  of  l a n d i n g  on Lexan.  The b e e s  i n  z e r o - g  

were p r o b a b l y  n o t  a b l e  t o  make t h e  p r o p e r  c o n t a c t  f o r  g r a s p i n g  

t h e  L e x a n  due to  t h e i r  u n s t a b l e  f l i g h t  p a t t e r n s .  D u r i n g  t h e  

z e s o - g  tests, b e e s  were o f t e n  s e e n  f l o a t i n g  a n d  e p i n n i n g  a b o u t  

t h e i r  c e n t e r  o f  m a s .  T h i s  i n d i c a t e s  t h a t  t h e  r e s u l t a n t  o f  t h e  



t o t a l  a e r o d y n a ~ n i c  f o r c e s  d i d  n o t  pass t h r o u g h  t h e  c e n t e r  of  

mass. Moasurernents  o f  t h e  s t r o k e  a n g l e  a n d  w i n g b c a t  a m p l i t u d e  

a t  z e r o - g r a v i t y  would  b e  o f  v a l u e .  I n  epace, t h e  t e n d a n c y  f o r  a 

bee t o  c o n t i n u e  to  f l o a t  may b e  d u e  to  l a c k  o f  f u r t h e r  s t i m u l i  

n e c e s s a r y  to  c o n t i n u e  t h e  f l i g h t  a c t i v i t y  (e.g., "expected" 

m o t i o n  of t h e  v i s u a l  f i e l d ,  s e n s a t i o n  o f  r e l a t i v e  wind o n  t h e i r  

b o d i e s ,  etc. t h a t  u s u a l l y  a c c o m p a n i e s  f l i g h t ) .  Beas i n  z e r o - g  

were o b s e r v e d  f l y i n g  i n t o  Lexan,  c o n t i n u i n g  b o d i l y  c o n t a c t  w i t h  

t h e  Lexan,  b u t  a p p a r e n t l y  u n a b l e  to  c l i n g  to  it. Both  i n  t h e  

o n e - g  a n d  z e r o - g  tests, when a b e e  was s e e n  w a l k i n g  f r o m  a 

s c r e e n  s u r f a c e  t o  a s m o o t h e r  Lexan s u r f a c e ,  t h e  r e s p o n s e  to  

c o n t a c t  w i t h  t h e  Lexan was i m m e d i a t e  f l i g h t .  

Moths  i n  z e r o - g  also a p p e a r e d  to  h a v e  some d i f f i c u l t y  o r i e n t i n g  

t h e m s e l v e s  f o r  l a n d i n g  on  a  s u r f a c e  o f  t h e  box. T h i s  d i f f i c u l t y  

i n  l a n d i n g  o r i e n t a t i o n  was p r o b a b l y  d u e  to  t h e  random 

o r i e n t a t i o n  o f  t h e  m o t h s '  body a x e s  d u r i n g  f l i g h t .  N o r m a l l y ,  

u n d e r  one-g ,  t h e  moth w i l l  m a i n t a i n  i ts l o n g  body a x i s  a t  a n  

a n g l e  which  a l l o w s  i t s  p r o i e g s  ( w h i c h  a c t  as  b u f f e r s  f o r  

l a n d i n g )  t o  c o n t a c t  t h e  s u r f a c e .  I n  t h e  z e r o - g  tests, t h i s  

d e g r e e  o f  c o n t r o l  a p p e a r e d  to  b e  a b s e n t .  Moths o n  f l i g h t  d a y  

s i x  e x p e r i e n c e d  " u n e x p e c t e d "  d r i f t i n g  i n  a t t e m p t i n g  to l a n d  on 

a s u r f a c e  when t h e y  f a i l e d  t o  make good i n i t i a l  c o n t a c t  w i t h  

it .  T h i s  may h a v e  t h e n  c a u s e d  f l o a t i n g  r e s p o n s e s .  

F l i g h t  of a n  i n s e c t  i n  one-g r e q u i r e s  d e v e l o p m e n t  of  a f o r c e  to  

c o u n t e r a c t  g r a v i t y .  An i n s e c t  is p r o p e l l e d  i n  a d i r e c t i o n  a n d  

a t  a v e l o c i t y  d e t e r m i n e d  by t h e  r e s u l t a n t  of t h r e e  f o r c e s :  



1) reaction to thrust generated by wingbeats, 2 )  resistance 

offered by the air to the passage of the insect through it 

(drag 1 ,  and 3 )  the downward pull of gravity. 

In space, the downward pull of a gravity is absent, and insect 

flight velocities will increase unless the insect reduces its 

aerodynamic output ( frequency and/or amplitude of wingbeat 1. 

Moths rnay have encountered difficulties in controlling their 

flight due to unexpected increases in flight velocity with 

"norcnalm wingbeat output. May, et a1 (1980) state: ''As the 

period of Og continued, moths were increasingly likely to 

periodically reduce the ainpli tude of their winqbeat and/or stop 

flying, for the equivalent of a few wingbeats. Only at Og, 

moths very occasionally spread their wings and floated freely 

for a few seconds. " Perhaps an adaptation may result over time 

in the form of reduced aerodynamic output. If so, measurement 

of wing beat and flight velocities over a more extended period 

would tell so. 

On the sensory side, flight is initiated in most insects by a 

loss of contact by the feet with some surface. In 'era-g, an 

insect will float after loss of contact with a surface unless 

wingbeat activity is resumed. 

Flies were a b - e  to orient their bodies properly for landing 

upon any surEace in the box. The flies were not limited to 

landing and resting on any single surface, due to the ability 

inherent in their feet to cling to any of the surfaces 



p r o v i d e d .  No f l o a t i n g  was o b s e r v e d  among t h e  f l i e s .  T h i s  may be 

so b e c a u s e  o f  t h e  f l y ' s  a d a p t a b i l i t y  to  t h e  e n v i r o n m e n t  to  

w h i c h  i t  was e x p o s e d  a n d  b e c a u s e  t h e y  h a v e  h a l t e r e s  ( w h i c h  

a p p a r e n t l y  ac t  as  g y r o s c o p e s  t h a t  p r o v i d e  f l i g h t  s t a b i l i t y  f o r  

t h e  f l y ) .  

T h e  real  p r o b l e m  f a c e d  among i n s e c t s  i n  s p a c e  is f l i g h t  c o n t r o l  

d u r i n g  l o c o m o t i o n  a n d ,  as  o b s e r v e d ,  t h e  f l i e s ,  b e e s ,  a n d  m o t h s  

accomplished t h i s  by d i f f e r e n t  c o m b i n a t i o n s  02 f l y i n g ,  

f l o a t i n g ,  a n d  w a l k i n g  on  a s u r f a c e .  

The  i n s e c t s  i n  s p a c e  w e r e  p r o v i d e d  w i t h  a f e e d e r ,  i n  e a c h  

c h a m b e r ,  h a v i n g  a c i r c u l a r  s u r f a c e  area o f  0.375 i n c h  i n  

d i a m e t e r .  T h e  p r o b l e m  o f  d i s p e n s i n g  a l i q u i d  i n  s p a c e  t h a t  a l l  

t h e  i n s e c t s  c a n  u s e  as f o o d  is p e r h a p s  u n n e c e s s a r y .  Rather, 

s e v e r a l  s e p a r a t e  t y p e s  of f o o d  s h o u l d  p r o b a b l y  b e  p r o v i d e d  to  

meet t h e  i n d i v i d u a l  n e e d s  o f  e a c h  s p e c i e s .  A s u g a r  s o l u t i o n  is 

n o t  the best f o o d  f o r  young b e e s  removed f r o m  a c o l o n y .  

The  c h a n c e s  o f  t h e  b e e s  g e t t i n g  t o  t h e  f e e d e r  were r e d u c e d  i n  

z e r o  g r a v i t y ,  s i n c e  t h e y  w e r e  n o t  f l y i n g  w e l l  a n d  c o u l d  n o t  

e a s i l y  w a l k  t o  t h e  f e e d e r  w h i c h  was located away f r o m  t h e  

s c r e e n .  I t  is a lso p o s s i b l e  t h a t  t h e  s u g a r  s o l u t i o n  may h a v e  

g r a n u l a t e d  i n  s p a c e ,  s t o p p i n g  or r e d u c i n g  t h e  f l o w  o f  l i q u i d  to  

t h e  e x p o s e d  s u r f a c e  o f  t h e  f e e d e r  w ick .  B e e s  w i l l  n o t  l i v e  

w i t h o u t  f o o d .  The  most l i k e l y  r e a s o n  f o r  d e a t h  among a l l  1 4  

b e e s  was  a l a c k  o f  f o o d  i n  s p a c e .  

B o t h  moth p u p a e  a n d  f l y  p u p a r i a  e m e r g e d  i n  s p a c e .  Twenty- two o f  



the 24 mot11 pupae and 10 oC the 12 fly puparia in the zero-g 

space experiment emerged during the flisht. The use of pupae, 

which will emerge as adult* in space at a specific time for 

observation, turned out to be practical since there were no 

problems in emergence and wing format.iorr in zero gravity for 

 ice ;?;* pi~prliria or the moth pupae. Also, by providing pupae of 

insects, an additional assurance of surviving the launch 

accelerations (3-9's maximum) is provided by the inherent 

protection provided by the pupal casing. 

Nhen storage volume is critical, by usinq pupae of insects, the 

amount of space food required and the build-up oE Eeces in the 

exper irnent box are a133 reduced. 



CONCLUSIONS 

The r e s u l t s  f r o m  t h i s  i n s e c t  f l i g h t  m o t i o n  s t u d y  may h a v s  

raised more q u e s t i o n s  t h a n  t h e y  h a v e  a n s w e r e d .  T h i s  h a s  o p e n e d  

u p  new arrd e x c i t i n g  areas f o r  f u t u r e  r e s e a r c h ,  w h i c h  c a n  add to 

what  is a l r e a d y  known a b o u t  i n s e c t  m o t i o n  i n  z e r o - q r a v i t y .  

Some t h i n g s  w e r e  l e a r n e d  f r o m  t h i s  e x p e r i m e n t  w i t h  r e g a r d  to 

t h e  d e s i g n  o f  ir~sect h a b i t a t s  f o r  u s e  i n  t h e  z e r o - g  e n v i r o n m e n t  

o f  s p a c e .  The  d e s i g n  o f  s u c h  a h a b i t a t  s h o u l d  p r o v i d e  s u c h  

t h i n g s  as: 

A f o o d / w a t e t  s o u r c e  t h a t  c a n  b e  e a s i l y  accessed b y ,  a n d  

t h a t  w i l l  p r o v i d e  f o r  t h e  n u t r i t i o n a l  n e e d s  o f ,  e a c h  o f  t h e  

i n s e c t  s p e c i e s  t o  b e  c a r r i e d .  The  f o o d / w a t e r  material 

s h o u l d  be " c o n f i n e d "  t o  p r e v e n t  f l o a t i n g  p a r t i c l e s  f r o m  

i n t e r f e r i n g  w i t h  n o r m a l  a c t i v i t i e s .  

T e x t u r e s  o f  m a t e r i a l s  i n s i d e  t h e  h a b i t a t  t h a t  w i l l  a l l o w  

a l l  s p e c i e s  o f  t h e  i n s e c t s  to  e a s i l y  m a i n t a i n  r e s t i n g  

p o s i t i o n s  o n  (or  move a b o u t  o n )  t h e  s u r f a c e s  i n  z e r o - g .  T h e  

n a t u r e  of t h e  i n s e c t s '  f e e t  mus t  b e  c o n s i d e r e d  i n  t h e  

s e l e c t i o n  o f  t h e s e  materials. 

S u i t a b l e  e n v i r o n m e n t a l  c o n d i t i o n s  ( o f  l i g h t i n g ,  

t e m p e r a t u r e ,  h u m i d i t y ,  v o l u m e ,  a i r  p r e s s u r e ,  o x y s e n ,  e tc . )  

t o  m a i n t a i n  t h e  v a r i o u s  species to  b e  h o u s e d  i n  t h e  

h a b i t a t .  

Some waste c o l l e c t i o n  s y s t e m  t o  p r e v e n t  f l o a t i n g  d e b r i s  



and deposits on surfaces teopecially if  clear viewing 

and/or recording of insect activity is required). 

The dift'icultieo encountered by tlre insects in zero-g in this 

exper iment appeared to include: reduced control of body 

attitudes and flight, failure to adjust aerodynamic outputn for 

zero-q conditions, failure to orient their bodies for proper 

landings on surfaces, inability to cling to some surfaces, 

failure to maintain wingbsat after lose of contact with a 

surface (which led to floating), accessing the food/water 

source, and (possibly mating. Some of these dif f icultiee could 

have been avoided by modification of the design of the insect 

habitat that was uoed (including the feeder system and food 

material used). Others were apparently caused by the effects of 

weightlessness itself. 

Other results of interest from this experiment include: 

The three species of insects used in this experiment 

apparently were not harmed by the launch/ascent 

accelerations, the zero-g conditions, or the re-entry and 

landing accelerations that occur in Space Shuttle flights. 

Presumably, this would also be true for a number of other 

species. 

Zero-g conditions are compatible with emergence of 

insects from pupal stages, whether wglued downw or free 

floating (at least for the moths and flies used in this 



experiment 1 .  

Data collection for expe~!ments of thio type can be 

improved by obtaining m r o  close-up recorded viewe of the 

insects in Plight and the uae of fixed camera locations, 

orientations, and fields of view.  
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APPENDIX B 

Questions Submitted for the 

STS-3 Crew Debriefing on 

~ p r i l  8, 1982 

and C r e w  Responses 



Q u e s t i o n s  s u b m i t t e d  f o r  t h e  Todd N e l s o n ' s  S t u d e n t  E x p e r i m e n t  on  

Sf1'S - 3 

1. das t h e  i n s e c t  box e a s y  t o  h a n d l e ?  

2 .  When y o u  f i r s t  removed t h e  box  wha t  k i n d  of i n s e c t  a c t i v i t y  

d i d  y o u  o b s e r v e ?  

3 .  ';ow much v i d e o  d i d  you  t a k e ?  

4 .  How many 35mm s h o t s  d i d  y o u  t a k e ?  

5. H o w  much t i m e  d i d  you  o b s e r v e  t h e  i n s e c t s  t h a t  was n o t  

recorded on TV or p h o t o g r a p h e d ?  

6 .  w h a t  p r o p o r t i o n  of e a c h  s p e c i e s  was a l i v e  a t  t h e  t i m e  o f  

t h e  two tests? 

7 .  What is t h e  number of  b o t h  t h e  f r e e  a n d  a t t a c h e d  p u p a e  i n  

Chamber B t h a t  emerged? 

8. Of t h e  new e m e r g e d  m o t h s  I n  Chamber B w h a t  was t h e  

c o n d i t i o n  of  t h e i r  w i n g s  ( w e l l  f o r m e d  or m i s s h a p e n  I ?  

9. D i d  you n o t e  a n y  " b a d w  i n t e r a c t i o n s  b e t w e e n  t h e  m o t h s  a n d  

b e e s  i n  Chamber B ( a g r e s s i v e  or bumping  d u r i n g  f l i g h t ) ?  

1 0 .  D i d  you  see a n y  i n s e c t s  t h a t  were, or a p p e a r e d  to  b e ,  d e a d  

b u t  w e r e  moved by o t h e r  i n s e c t s ?  

11. How w e l l  c o o r d i n a t e d  were t h e  i n s e c t s  when w a l k i n g  or 

l a n d i n g ?  



12.  Was it  c o m f o r t i n g  t o  h a v e  some o t h e r  l i v i n g  a n i m a l s  a b o a r d  

b e s i d e  y o u r s e l v e s ?  

13.  How would you d e s c r i b e  t h e  f l i g h t  b e h a v i o r  of  t h e  i n s e c t s  

( b e e s ,  moths ,  a n d  f l i e s ) ?  

14 .  What c o u l d  b e  d o n e  to  i m p r o v e  t h e  e x p e r i m e n t  i n  y o u r  

o p i n i o n ?  

15. How many b e e s  were a l i v e  when you  l a s t  o b s e r v e d  them? 



R e s p o n s e s  of t h e  STS-3 Crew 

T o  Q u e s t i o n s  About  the S t u d e n t  E x p e r i m e n t  -- 
I n s e c t  Mot ion  S t u d y  

1. Q. Was t h e  i n s o c t  box e a s y  t o  h a n d l e ?  

A. They i n d i c a t e d  t h a t  i t  was v e r y  w e l l  c o n o t r u c t e d  

for t h e  r e q u i r e d  u s e  a n 3  d a t a  g a t h e r i n g .  

5.  Q. HOW much time d i d  you  o b s e r v e  t h e  i n s e c t s  t h a t  was 

n o t  r e c o r d e d  o n  TV or p h o t o g r a p h e d ?  

A. I t  was  i n d i c a t e d  t h a t  t h e  e x p e r i m e n t  was t a k e n  o u t  

o f  t h e  l o c k e r  twice. The f i r s t  t.ime was s c h e d u l e d  

i n  t h e  CAP t h e  s e c o n d  time was  n o t .  B o t h  W a n d  

p i c t u r e s  were t a k e n .  

13 .  Q. How w o u l d  y o u  d e s c r i b e  t h e  f l i g h t  b e h a v i o r  o f  the 

i n s e c t b .  (bees, m o t h s  a n d  f l i e s  I ?  

A. The b e e s  d i d  n o t  f l a p  t h e i r  w i n g s .  They  j u s t  

f l o a t e d  a r o u n d  i n  t h e  box  k i c k i n g  t h e i r  f e e t .  The  

m o t h s  f l a p p e d  t h e i r  w i n g s  b u t  w o u l d  bump i n t o  t h e  

w a l l s  o f  t h e  box.  The  f l i e s  j u s t  crawled a r o u n d .  

14 .  Q. What c o u l d  b e  d o n e  t o  i m p r o v e  t h e  e x p e r i m e n t  i n  y o u r  

o p i n i o n ?  

A. Gordon  F u l l e r t o n  was  v e r y  direct i n  s a y i n g  t h a t  t h e  

c o n t e n t s  o f  t h e  e x p e r i m e n t  b o x  was  n o t  as it was 

d e f i n e d  t o  h im p r e f l i g h t .  He i n d i c a t e d  t h a t  n o  o n e  



had mentioned that flies would be part of the 

experiment. He also indicated that he thought the 

bees and the moths would be in separate compartments 

of the box but instead they were all mixed up. It waa 

suggested by both crew members that a written de- 

scription of the experiment be supplied to them 

preflight. Suggested *.hat no changes be made to 

the experiment without notification of the crew. 

COMMEN'I' 

Crew appreciated the experiment it was fun - not so serious. 



APPENDIX C 

Photograplbs A v a i l a b l e  from NASA o f  

I n s e c t  F l i q h t  O b s e r v a t i o n  

NASA H e a d q u a r t e r s  

p h o t o  N o .  82-HC-232 (color) 
82-H-251 ( b  6 W )  

Onboard ,  J a c k  Lousma w i  t h  
f l i o h t  chamher  

C l o s e u p  v i e w  o f  f l i g h t  
chamber  

JSC M i s s i o n  O p e r a t i o n s  
C o n t r o l  R o o m  w i t h  t e l e v i s i o n  
t r a n s m i s s i o n  of e x p e r i m e n t  

P h o t o  N o .  STS-3-23-173 ( c o l o r )  Onboard ,  J a c k  Lousma w i t h  
f l i g h t  chamber  

STS-3-23-175 Closeup of fliqht chamber  

STS-3-23-176 C l o s e u p  o f  f l i g h t  chamber  

Emptv f l i g h t  chamber  a f t e r  
f l i g h t  
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