
If you were not among the 2200 visitors to the Austra­
lian National Insect Collection on its open day last 
June, you possibly imagine it as a large hall full of cab­
inets, whose drawers are crammed with rows of labelled 
specimens. Perhaps your memory involuntarily revives 
childhood impressions of a sombre 19th Century build­
ing in some Australian or overseas city. 

T o s o m e extent y o u w o u l d be right. 

A p p r o x i m a t e l y five m i l l i o n s p e c i m e n s 

fo rm the heart o f the C o l l e c t i o n — the 

larger o n e s , such as b ig beet les , p inned 

into trays, and the rest g u m m e d to p ieces 

o f cardboard that are in turn p inned into 

p lace . S p e c i m e n s wi th softer bod ie s — 

like caterpillars, grubs, and other larvae 

— o c c u p y glass tubes o f preservative in 

other drawers. 

Y o u w o u l d p e r h a p s b e s u r p r i s e d , 

t h o u g h , to see a pair o f b l a c k bee t les 

c rawl ing about in a small aquar ium tank, 

and, in other glass d ishes , what appear to 

be m a g g o t s bur rowing th rough sawdust 

— in fact, beetle larvae taking part in an 

invest igat ion into their diet. 

M o d e r n taxonomis t s take an al l -round 

interest in the subjects o f their study, 

gather ing in format ion n o t o n l y o n the 

n u m b e r o f segments in an antenna or the 

pattern o f hairs and b u m p s o n a thorax but 

also o n behaviour and e c o l o g y . ' W e are 

real ly t a x o n o m i s t s and b i o l o g i s t s ' , re-
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marked o n e o f them, adding poin tedly 'the 

t a x o n o m i s t m u s t b e a first-rate f i e ld 

worker ' . A l l this informat ion, gathered in 

both field and laboratory, clearly canno t 

be a c c o m m o d a t e d o n s p e c i m e n labels . 

N o t only specimens 

T h e C o l l e c t i o n , h o u s e d in the C S I R O 

D i v i s i o n o f E n t o m o l o g y ' s headquarters 

On safari near the McArthur River, 
N . T . 

in Canberra, conta ins tape record ings o f 

the sounds — often valuable aids to iden­

tification — made by grasshoppers and 

cr ickets . C o l o u r transparencies s h o w cat­

erpillars and other y o u n g stages as we l l as 

spec imens in fore ign m u s e u m s , inc lud­

ing s o m e 3000 photographs o f small moths 

in the Brit ish M u s e u m taken by D r Ian 

C o m m o n , w h o recent ly retired f rom the 

D i v i s i o n . A n d o f the large n u m b e r o f 

m i c r o s c o p e sl ides (perhaps 40 0 0 0 ) , s o m e 

carry entire spec imens o f small insects 

such as fleas and other ar thropods like 

mi tes , and s o m e preserve dissected inter­

nal organs that are valuable in identif ica­

t ion and compara t ive studies. 

T h e c o l l e c t i o n s o f b o o k s and scient if ic 

papers are g r o w i n g , t oo , supp lement ing 

the card indexes o f informat ion , s o m e o f 

it n o w b e i n g transferred to c o m p u t e r . 

Australia's insect collection 



Collecting goes on all the time, but 
major expeditions fill gaps in our 
knowledge of particular districts, 
especially those remote from centres of 
population. 

C o m p u t e r s play a g r o w i n g role in m o d e r n 

t a x o n o m y , no t o n l y s toring facts but a lso 

sorting t h e m to p roduce identification keys 

and even classif icat ions (see the b o x o n 

page 2 0 ) . 

L i k e a library, the C o l l e c t i o n is m u c h 

less static than a s ingle g l ance suggests . 

N e w s p e c i m e n s con t inua l ly c o m e in : a 

major exped i t ion may add tens o f thou­

sands. A n d e a c h year about 100 0 0 0 spec ­

i m e n s g o o u t o n l o a n to t a x o n o m i s t s 

e l sewhere in Austral ia and overseas . 

T h e C o l l e c t i o n o c c u p i e s t he D . F . 

Wate rhouse Labora tory o f Insec t T a x o n ­

o m y , a two-storey bu i ld ing o p e n e d in M a y 

1982 by the Min i s t e r for S c i e n c e and 

T e c h n o l o g y , M r D a v i d T h o m s o n , and 

named after D r D o u g Wate rhouse , w h o 

was the D i v i s i o n ' s C h i e f for 21 years unti l 

his ret i rement in 1981 . 

It n o w seems natural that Austral ian 

insects s h o u l d be s tudied and preserved 

here in Austral ia , but things were differ­

ent in the days o f the first European ex­

plorers , w h o saw Austral ian animals and 

plants as exo t i c spec imens to intrigue both 

naturalists and the general p u b l i c . F o r 

many spec ies , therefore, the ' type' spec i ­

m e n s — the o n e s e x a m i n e d by the ento­

m o l o g i s t s w h o first desc r ibed t hem, and 

accepted by international c o n v e n t i o n as 

the ul t imate reference po in t for c h e c k i n g 

scient i f ic names — reside in Eu ropean in­

stitutions. M a n y taxonomis t s f ind, as D r 

C o m m o n did, that they have to inspect 

type s p e c i m e n s f rom fore ign c o l l e c t i o n s , 

either by b o r r o w i n g them or by travell ing 

to see them. 

Two centuries of taxonomy 

Austral ian insect t a x o n o m y may be said 

to date f rom 1775 . In that year the D a n i s h 

e n t o m o l o g i s t J o h a n n F a b r i c i u s p u b ­

l i shed his 'Sys tema E n t o m o l o g i a e ' , the 

first sc ient i f ic work to descr ibe s p e c i m e n s 

f rom this cont inent . T h e insects Fabri­

c ius studied had been c o l l e c t e d 5 years 

earlier by Joseph Banks , D a n i e l So lander , 

and other m e m b e r s o f Captain C o o k ' s 

Endeavour party. 

A m o n g t h e s e i n s e c t s w a s a s c a r a b 

beet le , w h i c h Fabr ic ius n a m e d Scarabaeus 

barbarossa. H i s descr ip t ion o f the species 

a p p e a r e d i n L a t i n , the i n t e r n a t i o n a l 

sc ient i f ic l anguage o f the day, and in­

c luded the phrase 'Habitat in nova Hollan-

dia'. A large m o d e l o f this beetle (made by 

a Canberra dentist) and a pho tog raph o f 

the relevant entry in 'Sys tema E n t o m o l o ­

giae ' adorn the D . F . Wate rhouse Labora ­

to ry , t o c o m m e m o r a t e t h i s , t he f i rs t 

sc ien t i f i c desc r ip t i on o f an Aus t ra l i an 

animal . 

In his b o o k , Fabr ic ius desc r ibed 221 

spec ies o f Austral ian insects ; by the t ime 

the D i v i s i o n o f E n t o m o l o g y was founded 

a century and a half later, in 1928, the 

n u m b e r o f k n o w n spec ies had e x c e e d e d 

37 0 0 0 . (It is n o w approach ing d o u b l e 

that f igure.) 

A Malaise trap: insects fly into its walls, 
then travel up into the collecting jar at 
the top. 

F r o m the D i v i s i o n ' s earliest days, sci­

entists appreciated that e n t o m o l o g i c a l re­

search — and, mos t urgent ly, the search 

for ways o f con t ro l l i ng pest spec ies — 

c o u l d no t p r o c e e d wi thou t accurate iden­

tification o f the animals be ing studied. 

Often the large e c o n o m i c difference be ­

tween a pest and a c lo se ly related harm­

l e s s s p e c i e s is n o t a c c o m p a n i e d b y 

c o n s p i c u o u s structural d is t inc t ions , and 

w i t h o u t t h o r o u g h t a x o n o m i c s t u d i e s 

eco log i s t s and laboratory workers c o u l d 

spend valuable t ime and energy pursu ing 

the w r o n g quarry. 

T h a n k s to gifts and purchases o f c o l l e c ­

t ions made by amateurs, and to field w o r k 

by CSIRO scientists, the D i v i s i o n ' s c o l l e c ­

t ion g r e w rapidly, and in 1962 the federal 

g o v e r n m e n t a c k n o w l e d g e d its i m p o r ­

tance to s c i e n c e and to the na t ional estate 

by gazett ing it as the Austral ian Nat iona l 

Insec t C o l l e c t i o n . 

T h e head o f the t a x o n o m y sec t ion , D r 

B o b T a y l o r , estimates that the C o l l e c t i o n 

mus t h o l d representatives o f abou t t w o -

thirds o f Austral ia 's insect fauna ( w h i c h 

h e puts at about 110 000 spec ies ) . H o w ­

ever, there is still m u c h w o r k to d o ; about 

5 5 % o f the con t inen t ' s insect spec ies have 

y e t to b e s c i e n t i f i c a l l y n a m e d a n d 

descr ibed . 

Small-game-hunting 

I f the C o l l e c t i o n fo rms , in the j a rgon o f 

ou r t ime , a data base, then m u c h o f the in­

put in the last 15 years has c o m e f rom 

specia l ly m o u n t e d exped i t ions to remote 

corners o f the count ry . S o m e five to e ight 

scientists make u p a typical party, dr iving 

their e q u i p m e n t the l o n g dis tances f rom 

Canberra to C o o k t o w n , K a k a d u , or the 

K i m b e r l e y s , say, i n f o u r - w h e e l - d r i v e 

veh ic les and caravans. 

Over the years the leader o f these ex­

ped i t ions , M r Murray U p t o n , has evo lved 

a detai led p rocedure des igned to min i ­

m i z e the risk o f th ings g o i n g w r o n g and to 

make the m o s t o f the 3 weeks or so avail­

able in the study area. E a c h exped i t ion 

takes about 6 m o n t h s to plan. 

Apart f rom a fire ins ide o n e veh i c l e near 

Ayer s R o c k and a flash f l o o d that added 

unexpec t ed exc i t emen t to a c ros s ing o f 

the S o u t h Al l iga tor River , the trips have 

been free o f ' inc iden t ' and remarkably 

product ive . Genera l ly , one-third or m o r e 

o f all the spec imens c o l l e c t e d in remote 

p laces p rove to b e l o n g to p rev ious ly un-

desc r ibed spec ies . 

T h e t w o m o s t recent exped i t ions — to 

the Endeavour River district near C o o k -

t o w n , w h e r e Banks and S o l a n d e r c o l ­

lec ted s o m e o f their spec imens m o r e than 

2 0 0 years ago — p roduced abou t 100 000 

s p e c i m e n s be tween them. B e c a u s e , as M r 

U p t o n puts it, 'at every t ime o f day there's 

an insect to be found s o m e w h e r e ' , the 

scientists find little t ime to relax in the 

f ield. 

Dif ferent spec ies behave in different 

ways, and en tomologis t s must use a variety 

o f dev ices to ca tch them. S o m e insects fly 

into tent-like traps; others c o m e to l ights 

after dark. Pitfall traps ca t ch beet les and 

other animals wa lk ing over the surface o f 

the g r o u n d ; specia l extract ion funnels use 

heat and l ight to drive s p e c i m e n s Out o f 

leaf litter and topso i l . Bait attracts certain 

s p e c i e s , and g o o d o ld- fash ioned hunt ing 
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Taxonomists' rooms in the D.F. Water-
house Laboratory are equipped with wall 
sockets for computer terminals. The word 
'computer" is perhaps misleading in this 
setting. In their early days, computers were 
indeed developed particularly for high­
speed numerical calculations, but over 
the years they have come to be valued as 
much as anything for their capacity to 
'carry a lot of information in their heads'. 

Because this information may gener­
ally be retrieved in print-out form, a com­
puter represents, in modern offices, a 
combined filing cabinet and typewriter 
— operating very fast. T o appreciate the 
importance of a computer to a taxonomist, 
it may help to pursue the office analogy a 
little further. Imagine that an employer 
instructs a clerk to sort the last 20 years' 
correspondence, at present heaped ran­
domly on the floor, and file it in alpha­
betical order. After enormous effort, the 
clerk announces the job is done. 

'Oh, look, I've changed my mind', de­
clares the employer, who has modelled 
himself on a John Cleese creation. 'Put 
everything in date order. We'll see how 
that works, and if we don't like i t . . .' The 
clerk's reply may be left unrecorded. 

In practice, of course, the huge amount 
of labour invested in a major filing system 
rules out such changes. But if all the 
necessary information has been suitably 

(beating foliage, chopping rotten wood, 
and so on) produces further specimens. 

Some of these expeditions have been 
supported by mining companies carrying 
out environmental impact studies of areas 
in w h i c h they are p r o s p e c t i n g . 
Thiess—Toyota helped finance the Cook-
town trips. Other expeditions, entirely 
financed by C S I R O , have visited sparsely 
inhabited regions to help fill gaps in en­
tomologists' knowledge of insect distri­
butions. T o some extent the Division is 
racing against time: perhaps 40 000 or 
more species remain to be collected, yet 
many are disappearing, especially through 
habitat destruction. 

What's in a name? 

After preliminary sorting, the specimens 
collected on these expeditions may well 
have to wait several years for their scien­
tific baptism: an illustrated description 
(no longer in Latin, and often including 
information such as chromosome num­
bers that Fabr ic ius cou ld not have 

stored in a computer, it may be retrieved 
in a variety of different forms at the press 
of a few buttons. This flexibility can be a 
great help to taxonomists, particularly in 
compiling keys. 

A key is any aid to identification. It usu­
ally takes the form of a list of printed ques­
tions. By referring to his specimen, the 
user answers the first question and, in the 
light of his answer, the key directs him to 
another. Each successive question elimi­
nates some possibilities and so shortens 
the list of candidates. Eventually the user 
reaches a question that identifies the 
specimen. 

Keys have enormous value, but tradi­
tionally they have proved laborious to 
compile and, like a filing system, resistant 
to change. The discovery of a new species 
that does not 'fit' the characters chosen by 
a compiler for the early questions in his 
key could require him to start all over 
again. In practice, his second edition 
would probably carry a footnote saying 
'this character does not apply to some 
species . . .' 

Computers have changed that. Once 
the characters of the relevant genera or 
species have been electronically stored, a 
taxonomist can rapidly retrieve this infor­
mation grouped in different ways, and so 
see how best to construct a key. 

Dr Mike Dallwitz of the C S I R O Divi-

Eachyear about 100 000 
specimens go out on loan. 

dreamed of) and a formal double name (a 
binominal) in the manner adopted by 
Fabricius's teacher Linnaeus and accepted 
for all animals and plants by the inter­
national scientific community ever since. 

Why is there such a delay over the 
seemingly simple matter of choosing a 
name? Of the two main reasons, one in­
volves the strict but necessary 'rules' that 
must be followed before a new name can 
be accepted by scientists in every country 
in the world. Without a detailed, and 
therefore time-consuming, published 
description, and a 'type' specimen deposi­
ted in a major collection, no name can be 
approved. 

The other, and more inhibiting, reason 
involves the first half of the binominal — 
that is, the genus name. In selecting this 

sion of Entomology has written a program 
that obtains keys automatically from a 
computer, following general commands 
supplied by the taxonomist. If he wants 
the shortest possible key, for example, the 
taxonomist can instruct the computer to 
arrange its information into the minimum 
number of questions. 

On the other hand, if a short key would 
compromise reliability, the taxonomist 
can, if he chooses, command the com­
puter to supply a more reliable, albeit 
longer, key. (The taxonomist provides his 
computer with information on the relia­
bility of alternative characters.) 

The computer can also sort the infor­
mation for special purposes to produce, 
say, plant keys that treat only vegetative 
characters, for use outside the flowering 
season. 

In 1980 Dr Dallwitz developed a 'lan­
guage' that can be understood readily by 
both taxonomists and computers, for use 
in producing keys and descriptions of 
genera or species. He called it D E L T A 
(DEscription Language for TAxonomy) . 
A good example of what can be achieved 
with a computer and D E L T A is provided 
by a book compiled by Mr Leslie Watson 
of the Australian National University and 
Dr Dallwitz. 

Titled 'Australian Grass Genera', this 
book contains a description of each 

name, a taxonomist makes a statement of 
opinion about the biological affinity of 
that species to others that seem closely 
related. 

Accordingly, and to reduce the number 
of scientific papers to which taxonomists 
must refer in order to keep up with new 
nomenclature, new species are often de­
scribed not individually but as part of a 
major revision of a complete genus. This 
sizeable task may necessitate consulting 
literature and type specimens from sev­
eral countries and sifting painstakingly 
through the fruits of a number of expedi­
tions — not to mention scrutinizing mu­
seum c o l l e c t i o n s for p o s s i b l e 
misidentifications from earlier times. 

But without an internationally agreed 
name, a species could remain for years out 
of reach of ecologists, physiologists, and 
others who wish to study it. How can they 
write about an animal if they cannot tell 
the world which species it belongs to? 

T o short-circuit what Dr Taylor calls 
this 'taxonomic impediment', specimens 
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genus, followed by separate keys for each 
State and for the Northern Territory, as 
well as an eighth key to cover all the gen­
era, numbering more than 300, of the con­
tinent. Early in the book appears a list of 
more than 200 numbered characters: no. 
11, for example, concerns whether the 
shoots are aromatic, and no. 51 deals with 
the length of the female-fertile spikelets. 

Every grass genus displays some 'state' 
for each of these characters. Some grasses 
give off an aroma when crushed, but the 
others do not; every genus therefore has 
one of the two states for character no. 11. 
The state of another character may be a 
number, or a range of measurements. 

Over many years, Mr Watson has 
amassed information on the states of the 
200-odd characters in the list, and these 
data are now stored on computer in 
D E L T A language. 

One of the beauties of this system is that 
descriptions and keys can be produced 
automatically once the data have been 
loaded into the computer's memory. T o 
write the description of a genus, the com­
puter works its way down the character 
list, noting after each one the particular 
state that applies in this case. 

The computer automatically builds the 
description, therefore, out of the phrases 
used in the character list and the numbers 
and other information on states stored in 

the data bank. Likewise, using the key 
program written by Dr Dallwitz, the com­
puter automatically generated the eight 
keys in the book. 

Of course, somebody has to 'type', and 
later proof-read, the character list and the 
information on states, but once this is 
done, the descriptions and keys, being 
compiled automatically, may be taken as 
read — no small advantage, when you 
consider that the character list occupies 
only six pages of the grass book, while the 
descriptions and keys between them take 
up 187 pages. 

The character list may be compiled in 
languages other than English, in which 
case the keys and descriptions will auto­
matically come out in the appropriate lan­
guage too. Dr Taylor is compiling an 
English—French paper on the ant genus 
Lordomyrma of New Caledonia, where both 
languages are spoken, and Mr Watson is 
collaborating with a Canadian botanist on 
a bilingual account of Canadian grass 
genera. Indeed, taxonomists could com­
pile a multilingual work quite simply, by 
referring to the characters and states only 
by code numbers in the descriptions, and 
translating the code numbers into several 
languages in the introductory part of the 
work. 

In theory the D E L T A system could 
handle information on any objects or ideas, 

provided the same features of all the items 
are described. The system has already 
helped to store and sort information on 
beetles, ants, grasses, legumes, viruses (in 
an international survey co-ordinated by 
the Virus Ecology Research Group at the 
Australian National University), and the 
vegetation types — such as lowland mixed 
forest and various plant associations — of 
Lord Howe Island. 

Using facilities of the C S I R O Division 
of Computing Research in Canberra, tax­
onomists can obtain computer 'print-outs' 
in a number of forms, including micro­
fiche and film as well as printed paper. 
This means that scientists can, if need be, 
rapidly obtain a drastically revised version 
of a key on microfiche, and mail it inex­
pensively to interested workers anywhere 
in the world. The computer is transform­
ing not only taxonomy but also publishing. 

A general system for coding taxonomic 
descriptions. M.J. Dallwitz. Taxon, 
1980, 2 9 , 4 1 - 6 . 

'Australian Grass Genera: Anatomy, 
Morphology, and Keys.' L. Watson and 
M.J. Dallwitz. (Australian National 
University Research School of Bio­
logical Sciences: Canberra 1980.) 

in the Australian National Insect Collec­
tion often receive a provisional appella­
tion, such as 'genus F, species 16'. Using 
that code name, taxonomists can accu­
mulate and lodge with the Collection in­
formation on the insect's habits and 

habitat, ecologists can refer to it in scien­
tific literature, and the Division's staff 
can identify specimens sent in, for ex­
ample, by anxious farmers who find them 
chewing into a crop. 

Similarly, a biologist working on an 

Taxonomists estimate that two-fifths of 
Australia's insects have still to be found, 
and that fewer than half have been 
named. By contrast, British insects and 
Australian land vertebrates are well 
known. 

unidentified species can lodge 'voucher' 
specimens with the Collection; these re­
ceive a provisional code name, then join 
related specimens in the appropriate cab­
inet to await future formal naming. 
Hundreds of Australian grasshoppers bear 
such temporary names, enabling ecolog­
ical work to proceed ahead of taxonomic 
revision. 

Without this procedure, years of study 
could have been either prevented or wasted 
because of subsequent doubt over the 
identity of the study populations. 

John Seymour 

M o r e about the topic 

Some statistics relevant to Australian in­
sect taxonomy. R.W. Taylor. CSIRO 
Division of Entomology Report No . 8,1979. 
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Insects in 3-D 

T h e s c a n n i n g e lec t ron m i s c r o s c o p e fills 
a valuable e n t o m o l o g i c a l n i c h e . It g ives 
us pho tog raph ic images wi th a g o o d depth 
o f field ( three-dimensional effect) at the 
magni f ica t ions at w h i c h scientists carry 
ou t m u c h o f their examina t ion o f insects 
— be tween those o f the hand lens (up to 
x 20) and the m o n o c u l a r l ight m i c r o s c o p e 
(from about x 100 upwards) . 

T o e x a m i n e spec imens at intermediate 
magni f ica t ions o f about x 50 , e n t o m o l o ­
gists genera l ly use b inocu la r l ight m i c r o ­
scopes , wi th o n e hand c o n t i n u o u s l y o n 
the f o c u s i n g k n o b because the m i c r o ­
s c o p e s have a sha l low depth o f f ield. A 
camera can record on l y what is in focus 
under the m i c r o s c o p e at o n e t ime — and 
that m u s t be o n l y a smal l part o f the 
s p e c i m e n . 

T h e exce l l en t depth o f f ield o f scann ing 
e lec t ron mic rographs gives t h e m a ' three-
d imens iona l ' quality that e n t o m o l o g i s t s 
in the C S I R O D i v i s i o n o f E n t o m o l o g y are 

us ing in at least t w o ways . D r T a y l o r has 
found that mic rographs o f ants can satis­
factorily replace the traditional d rawings 
in f o r m a l p u b l i s h e d d e s c r i p t i o n s o f 
spec ies . T h e accuracy and speed o f the 
s c a n n i n g m i c r o s c o p e o f f e r c l e a r 
advantages. 

A n d D r John L a w r e n c e uses scann ing 
pictures o f mouth-parts to assist his study 
o f Austral ian beetle larvae. T h e images 
enable h i m to infer the func t ions o f the 
mouth-parts , and helpfully c o m p l e m e n t 
laboratory and field studies o f the beet les ' 
feeding e c o l o g y . 

Scanning e lec t ron micrographs n o w re­
place drawings in the published descrip­
tions o f s o m e new species like this ant, 
Orectognathus robustus, f r o m eas t e rn 
Queensland, descr ibed by D r Tay lo r in 
1977. T h e specimen was coated with a thin 
film o f g o l d - palladium alloy to reflect e lec­
trons. T h e pictures be low and left show 
dorsal views o f the head and thorax and a 
lateral view o f the thorax o f a worker . 

an in jec t ion o f d iges t ive j u i c e s . Other 
species in the same genus as this North 
A m e r i c a n beet le inhabit the K i m b e r l e y 
Range , W . A . T h e y probably feed the same 
way, but await study. 

Beetle larvae show great diversity in their 
diets and therefore in their mouth-parts. 
Th is diversity b e c o m e s particularly clear 
under the scanning electron m i c r o s c o p e , 
which provides ' 3 - D ' images at a conveni­
ent magnification. T h e images help scien­
tists clarify a larva's method o f feeding. 

F rom the front, a helodid larva ( 1 , above 
right) looks rather like a c rab . It feeds sim­
ilarly, t o o , filtering edible particles from 
the water in which it lives, often o n the bot­
t om o f a p o n d . T h e tips o f the maxillae 
carry fine brushes (2) to trap the f o o d . T h e 
insect periodically 'wipes ' these brushes 
across the f loor o f the mouth , where c o m b s 
pick up the f o o d . T h e mandibles then g o 
into act ion, their hairy edges sweeping the 
f o o d to the back o f the mouth to be crushed 
by their molar bases . 

By cont ras t , the larvae o f l ong -ho rned 
beetles (3) chew their way through w o o d . 
Thei r powerful mandibles work like a pair 
o f chisels , biting o f f p ieces o f w o o d that are 
swal lowed w h o l e . 

T h e mandib les o f the predatory T e x a s 
beetle (4) take yet another form. Like curved 
hypodermic needles , they pierce a small 
spider o r other prey before administering 
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