
How fast dp insects disperse? Can we predict which way 
they'll go? When will they take off, and how far will they 
get? 

T h e s e ques t ions have e c o n o m i c as w e l l 

as a c a d e m i c interest. A l t h o u g h m o s t in­

sects have n o effect o n man ' s attempts to 

make a l i v ing f rom the land, m a n y spec ies 

d o . T h e ' g o o d i e s ' devour pest an imals and 

w e e d s and bury cattle d u n g ; the 'baddies ' 

a t tack c r o p s o r car ry d i s e a s e - c a u s i n g 

viruses . W e therefore n e e d to k n o w h o w 

insects spread f rom p lace to p lace . 

T w o scientists at the CSIRO D i v i s i o n o f 

E n t o m o l o g y , D r R o g e r Fa r row and D r 

Alis ta i r D r a k e , use var ious t echn iques to 

study insect migra t ion , ranging in c o m ­

plexi ty f rom nets to radar. 

Ecos 20 desc r ibed h o w D r Fa r row set u p 

radar units o n the Nor thern Terr i tory coast 

and o n an is land in the T o r r e s Strait in 

1 9 7 7 - 7 8 to scan the sky for insects , in­

c l u d i n g potent ial pests , c r o s s i n g the sea 

f rom Indones i a and Papua N e w G u i n e a . 

S i n c e then, he and D r Drake have b e e n 

u s ing radar to investigate the m o v e m e n t s 

o f insects w i th in Austral ia . 

T h e D i v i s i o n ' s radar uni t t ransmits 

s ignals w i th a wave leng th o f 3 c m , and 

p icks u p e c h o e s f rom insects the size o f a 

grasshopper or dragonf ly u p to 2 k m away. 

T h e e q u i p m e n t canno t detect very smal l 

insects individual ly , but even aphids , for 

e x a m p l e , d o p r o d u c e an i m a g e o n the 

radar sc reen i f they b e c o m e sufficiently 

concent ra ted . 

The Division of Entomology's radar 
caravan. 

The radar picks up echoes 
from insects the size of a 
grasshopper or dragonfly up 
to 2 km away. 

F r o m their radar wa tches , the scientists 

s o o n accumula t e large amoun t s o f infor­

ma t ion about insec t n u m b e r s and densi­

ties and about the speed, d i rec t ion , and 

t imes o f e a c h flight. D r Drake analyses all 

this by compu te r . 

Samples for identification 

A l t h o u g h the radar d o e s a g o o d j o b o f de ­

tect ing migra t ing insects , it is n o t so ef­

fect ive for identifying them. B y carefully 

e x a m i n i n g the pattern and behav iour o f 

the 'b l ips ' o n the screen , and by measur­

i n g the radar s ignals ref lected f rom indi­

vidual targets, D r Drake can usually assign 

insects to broad ca tegor ies : h e c a n distin­

g u i s h m o t h s f r o m g r a s s h o p p e r s , fo r 

ins tance . 

F o r the m o r e p r e c i s e i d e n t i f i c a t i o n 

essential in e n t o m o l o g i c a l s tudies, the re­

searchers try to ca t ch samples o f migrant 

insects dur ing all radar wa tches . A l ight 

trap makes a c o n v e n i e n t sampler . 

M a n y insects migrate by night . O b e y ­

ing an inst inct w h o s e b i o l o g i c a l causes 

scientists have no t so far identif ied, fly-by-

nights head for br ight l ights . A s w e all 

k n o w , they gather a round street l amps 

and i l luminated w i n d o w s . A l ight trap e x ­

ploi ts this inst inct , lur ing insects to a c o n ­

tainer o f preservative in w h i c h spec imens 

c o l l e c t , to be r e m o v e d for c o u n t i n g and 

ident i f icat ion the f o l l o w i n g day. 

T h i s s imple apparatus provides valu­

able in fo rmat ion about the k inds and rela­

tive n u m b e r s o f insects f lying at night . 

L i g h t traps that are operated all year round, 
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l i k e the D i v i s i o n o f E n t o m o l o g y ' s at 

T r a n g i e , N . S . W . , reveal a c lear seasonal 

p ic ture — m o s t insects fly o n l y du r ing the 

warmer m o n t h s o f the year, and part icu­

larly dur ing spel ls o f unset t led weather . 

Unfor tunate ly , l ight traps c a t c h o n l y 

low- f ly ing insec ts , m a n y o f t h e m probab ly 

m a k i n g l o c a l j ou rneys and n o t migra t ing 

at all. Radar has de tec ted s o m e insec ts 

f ly ing at alti tudes o f 2 0 0 0 or even 3 0 0 0 m 

a b o v e the g r o u n d , and m o s t noc tu rna l 

migrants c ru ise above 100 m . D o the sam­

ples c o l l e c t e d at l ight traps satisfactorily 

represent the high-fl iers? 

T o f ind ou t , the CSIRO e n t o m o l o g i s t s 

u s e a d e v i c e inven ted m o r e than 2 0 0 0 

years a g o — a kite. A net s lung benea th 

the kite samples insects at any he igh t u p 

to 3 0 0 m above the g round . 

A l t h o u g h the radar screen may display 

plentiful e c h o e s , ca tches i n the aerial net 

are general ly smal l even i f the kite has 

b e e n aloft for several hours . T h e smal l 

c a t c h e s e m p h a s i z e the e x t r e m e l y l o w 

densi t ies at w h i c h insects general ly o c c u r 

in the upper air — ' o n l y a few per m i l l i o n 

c u b i c metres of air', as D r F a r r o w puts it. 

T y p i c a l l y , the net filters abou t 30 c u m 

o f air in the t ime the radar takes to c o m ­

plete a s ing le scan o f 100 m i l l i o n c u m . 

E v e n w h e n radar e c h o e s c o a l e s c e o n the 

sc reen in to a s ing le large i m a g e , the in­

sects m a y still b e m u c h t o o far apart to 

const i tu te a swarm; e a c h individual is ap­

parently m a k i n g an independen t jou rney , 

o u t o f con tac t w i th its f e l lows . 

O n l y e x c e p t i o n a l l y d o insec t s r each 

s u c h h i g h densi t ies that the casual o b ­

server c a n n o t h e l p n o t i c i n g t h e m : i n a ter­

mi te flight, for instance, or a locus t swarm. 

Slung beneath a kite, the net can sample 
insects up to 300 m above the ground. 

A typical weather pattern bringing 
insects to Tasmania from the mainland 
in spring. 

How the radar 'saw' grasshoppers flying 
inland on the front of a sea breeze near 
Canberra. 

Enormous numbers of aphids 
take to the air in springy 
covering big distances both by 
day and by night. 

Weather patterns 

D r Fa r row and D r Drake take a particular 

interest in the in f luence o f weather o n in­

sect dispersal . H o w , for e x a m p l e , d o air 

temperature and w i n d strength affect the 

n u m b e r o f i n s e c t s t ak ing o f f and the 

height , speed, and di rect ion o f their flight? 

M o s t spec ies , espec ia l ly t iny o n e s l ike 

aphids , d o n o t behave l ike those migratory 

birds that every year beat the same aerial 

path be tween , say, a b reed ing g r o u n d and 

a win te r ing site. Sma l l insects l ack the 

strength to fly against the w i n d ; their ef­

forts mere ly keep t h e m i n the air w h i l e the 

w i n d carries t h e m in w h i c h e v e r d i rec t ion 

it happens to b e b l o w i n g . 

I f an aphid stops beat ing its w i n g s , it 

falls abou t 1 m a s e c o n d . I n still air it 

c ru ises at o n l y 1 k m an hour , but by s im­

ply keep ing i tself aloft it c a n c o v e r 500 k m 

in a s ing le n ight , g iven a g o o d w i n d . 

Grasshoppers and m o t h s , o n the o ther 

hand, c a n reach 1 0 - 2 0 k m per hour by 

their o w n efforts. Insec ts o f this size c a n 

therefore travel d o w n w i n d faster than the 

air m o v e s . T h e y also have e n o u g h strength 

for c r o s s w i n d f l ights: in T o r r e s Strait the 

CSIRO radar p i c k e d u p substantial south­

b o u n d traffic across the prevai l ing south­

easterly trade w i n d s and m o n s o o n north-

wester l ies . 

But m o s t insects rely for dispersal o n 

w i n d , and the scientists a lways try to re­

late their ca tches and radar observat ions 

to the weather pattern. 

D r F a r r o w is c o m p i l i n g a card i n d e x o f 

weather maps o f the k ind y o u see printed 

in m a n y newspapers , g r o u p i n g t h e m in to 

the m a i n ca tegor ies o f recurrent weather 

patterns. O n each card h e wri tes the n u m ­

ber o f insects trapped that day at the T r a n ­

gie l ight trap. 

D r Drake tackles the p r o b l e m another 

w a y : h e measures the w i n d s above the 

radar site by re leas ing a he l ium-f i l l ed bal­

l o o n and tracking it by theodol i t e . H e uses 

his measurements to interpret the insec t 

traces h e observes o n the radar screen . 

Moth invasion. 

A striking example o f the ro le that weather 

plays i n spreading insects o c c u r r e d in the 

spring o f 1980 . South-eastern Austra l ia 

was e x p e r i e n c i n g o n e o f the largest m o t h 

invas ions o n record . 

B o g o n g m o t h s , w h i c h n o r m a l l y 

migrate in late spr ing f r o m the western 

pla ins o f N e w S o u t h W a l e s to spend the 

s u m m e r o n the T a b l e l a n d s , reached the 

coas t i n h u g e n u m b e r s ; m a n y c a m e d o w n 

i n the o c e a n and w e r e w a s h e d u p o n 

beaches . 

A t T r a n g i e in Sep tember o f that year, 

D r F a r r o w e x a m i n e d samples o f the in­

sects o n passage b o t h near the g round , 

u s i n g a ne t m o u n t e d o n a car , and at 

heights o f 100 -300 m , us ing the kite-borne 

net . T h e aerial net c a u g h t e igh t m o t h 

spec ies , i n c l u d i n g s ix indiv iduals o f o n e 

spec ies no t p rev ious ly f o u n d dur ing the 3 

years o f dai ly trapping at T r a n g i e . N e a r 

the g r o u n d D r Fa r row c a u g h t 23 spec ies 

o f m o t h at densi t ies abou t 6 0 t imes those 

at the level o f the kite. 

A t this t ime (Sep tember 1 7 - 2 5 ) a h igh -

p res su re z o n e m o v e d east ac ross A u s ­

tralia, pass ing no r th o f T r a n g i e . W e l l -

marked fronts p receded and f o l l o w e d the 

' h igh ' . T h e scientists n o t i c e d that m o t h s 
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Some of the insect migration routes 
studied with the help of radar. 

were m o r e abundant at T r a n g i e in the 
wester ly air f l ows f o l l o w i n g the t w o fronts 
than i n the wa rm northerl ies ahead o f the 
fronts that m i g h t have b e e n e x p e c t e d to 
carry plenty o f insects . F r o m this they in­
ferred that m o r e m o t h s were arriving f rom 
the south-west than f rom other d i rec t ions . 

T h i s fits w i th another observa t ion : the 
River ina district o f N e w S o u t h W a l e s , to 
the south-west o f T r a n g i e , suffered w i d e ­
spread d a m a g e to pas tures f r o m h u g e 
n u m b e r s o f caterpillars in early spring, 
whereas the nor th o f the State exper i ­
e n c e d a dry spell that mus t have r educed 
the m o t h s ' b reed ing succes s there. T h e 
scientists c o m m e n t that the sca le o f this 

m o t h i n v a s i o n and its u n u s u a l o r i g i n 
( these m o t h s usual ly c o m e to T r a n g i e 
f rom the north) emphas ize h o w valuable 
it c o u l d be to k n o w e n o u g h about the 
migratory behav iour o f the m o s t impor ­
tant pest spec ies to b e able to predict out­
breaks and to identify the affected r eg ions . 

T h e kite-net ca tches at T r a n g i e dur ing 
the pe r iod o f this m o t h outbreak i n c l u d e d 
large number s o f tiny insects , o f w h i c h 
aphids m a d e u p two-thirds by n igh t and 
m o r e than four-fifths by day. T h e aphid 
densities averaged 35 000 per m i l l i on c u m 
o f air in the dayt ime, fal l ing to 4 3 0 0 at 
n ight . Evident ly e n o r m o u s n u m b e r s o f 
aphids take to the air i n spring, c o v e r i n g 
b i g dis tances b o t h by day and, to a lesser 
extent , by night . 

Sea breeze 

T h e Sou the rn T a b l e l a n d s o f N e w S o u t h 
W a l e s and Aust ra l ian Capital Ter r i to ry 
c a n also rece ive insec t visitors f rom the 
oppos i t e d i rec t ion — the east. A t the end 
o f a ho t s u m m e r day, a c o o l i n g breeze 
often b l o w s in f rom the coas t . O n D e c e m ­
ber 2 2 , 1980 , D r Drake 'saw' this breeze 
o n the screen o f h is radar uni t near Can­
berra. A clear band o f e c h o e s m o v e d across 
the screen f rom east to west . 

O the r radar operators have seen similar 
e c h o e s f rom sea-breeze fronts in several 
count r ies in the past. T h e s e e c h o e s have 
s o m e t i m e s b e e n caused by insects , s o m e ­
t imes by birds, and probably s o m e t i m e s by 
c h a n g e s i n the refractive i n d e x o f the air 
at the boundary be tween t w o air masses . 

D r Drake is con f iden t that the e c h o he 
saw was c a u s e d by insec t s ; the CSIRO 
radar detects insects especia l ly w e l l , and 
large number s o f them, especia l ly grass-
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hoppers , we re in flight at the t ime. T h e s e 
even ing breezes may play an important 
ro l e in spreading pests that have ove rwin ­
tered in m i l d c o n d i t i o n s o n the east coas t . 

Ana lys i s o f radar records a lso s h o w s 
that many insects c ross Bass Strait to T a s ­
man ia o n suitable w i n d s , and e n t o m o l o ­
gists be l i eve that annual invas ions are 
essential to mainta in T a s m a n i a ' s p o p u ­
l a t i o n s o f c e r t a i n - a r m y - w o r m m o t h s , 
w h o s e caterpillars (the ' w o r m s ' that g ive 
the spec ies its c o m m o n n a m e ) eat pasture 
fo l iage . 

F r o m different l ines o f e v i d e n c e , in­
c l u d i n g weather patterns and the l o c a ­
t ions o f areas suitable for the d e v e l o p m e n t 
o f caterpillars, it s eems l ikely that s o m e o f 
the Bass Strait migrants c o m e f rom as far 
afield as south-western N e w South Wales , 
nor th-western Vic to r i a , and south-east­
ern S o u t h Austral ia . 

M a n y important myster ies o f migra t ion 
remain to b e so lved . T h e scientists w o u l d 
l ike to k n o w , for e x a m p l e , h o w l o n g in­
dividual insects remain airborne, and what 
causes t h e m to land. W h y d o s o m e indi­
viduals c l i m b to a great altitude, w h i l e 
others o f the same spec ies travel near the 
g round? A n d h o w d o insects reach the 
densi t ies seen , say, in a sea-breeze front? 

Radar s h o w s that night-fl iers general ly 
take o f f m o r e or less en masse at dusk , but 
individuals s e e m to 'make u p their o w n 
m i n d s ' about w h e n to c o m e d o w n . 

T h e n u m b e r i n f l ight g radua l ly d e ­
c l ines overnight , d ropp ing faster in c o l d 
weather. ( L o w temperatures d o no t n e c e s ­
sarily g r o u n d insec t s a l together . O n c e 
airborne, a m o t h c a n k e e p its temperature 
a round the 3 0 ° C mark even t h o u g h the air 
temperature may have fal len to 1 0 ° C . T h e 
fl ight m u s c l e s m a k e effect ive heaters.) 
F r o m studies o f b o t h fat stores and the en­
ergy requi rements o f f l ight , e n t o m o l o ­
gis ts k n o w that s o m e s p e c i e s c a n fly 
c o n t i n u o u s l y for 1 2 - 1 5 hours . 

Unders tand ing the m o v e m e n t s o f the 
insect jet-set c o u l d p rove invaluable in 
p red ic t ing the spread o f pests, diseases, 
and agents o f b i o l o g i c a l con t ro l . 

John Seymour 
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Launching an aerial net, which will be kept aloft by a kite. 


