
ON THE AMOUNT OF FOOD EATEN BY INSECTS 1 

Gt<:ORGE X. WoLC0'£'1', Entomologist, Insulnr Experiment Station. 

In the course of another investigation, it became desirable to 
know how much food insects ate expressed in terms of the weight 
of the insect itself. A search of literature gave surprisingly little 
exact data on this point. 

The caterpillar of 11elea polyphcmus Oramcr 1 as noted by 'l1rou­
velot (I), "when 56 days old-is fully grown and has consumed 
not less than .120 oak leaves, weighing three-fourths of a pound; 
besides this it drank not less than y2 oz. of ,rntcr. So the food 
taken by a single silkworm in 56 days equal in weight 86,000 times 
the primitive weight of the \Yo1·m (1/20th grain). Of this, about 
ll4th lb. becomes excrementitious matter, 207 grains are assimilated 
and over 5 oz. have evaporated." 

, 'l'he amount of corn leaves eaten by the army\rorm 1 C frplu·s uni­
puncta Haworth, has been measured in square inches (:l), and the 
amount of clover leaves eaten by the weeYil, Hypcra punctala J<'a­
bricius (3). None of this. data howeYer, was in terms of the weight 
of the insect, and for the first experiment, the tobacco hornwonn, 
Phlcgcthontius sextet .iamaicensis Butler, was chosen because of its 
large size, rapiclit,- of cleYeloprnent, availabilit,· in Porto Rico, and 
incidentally becanse of its economic i1nportante. 

I-Iornwor1n eggs weigh .00105 gram eaeh, and the just hatched 
larva . 0004 gram. rrhc caterpillars were kept in small glass dishes 
with tightfitting conrs, the size of the dish being increased as the 
caterpillar gTe11· and needed more room. 'l'he food of the caterpillars 
in the first instar was not weighed, as the amount eaten was so 
minute, but the larvae were weighed dail~\ and their food and ex­
crement in succeeding larval instars. The figures of daily ronsnmp­
tion of food and gai~ in weight of the caterpillars were not compa­
rable, as the larvae, 111ight 1·ecomnience eating after molting at any 
thne of day or night. Bnt in general, they showed enormous con­
sumption of food relative to the weight of the larYa in the first, or 
first two, clays of the instar, but actually larger consumption of food 
the last day previous to the pre-molting period because of the increased 
size of the larva. The apparent gain in ,vejght vi'as also greater in 
the first clay or clays of each instar because of partly digested food 
·with which the alimentar,v canal was filled, and there was an ap-

1 'l'hesis prrseuted in parlinl iulfilment for the degrr(' of Ph.D. nt Cornell Fnlversity, 
ltha('n, K. Y. 
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par ent loss in weight in th e pr e-molt in g period as the digesti ve tract. 
was empti ed. But each in star r ep resents a very definite peri od of 
growth , of which th e net gain can be r eadil y dete rmin ed. 

The Growt h of Hornwo rm Cat er pill ars 

I 
Fo od cons u med Ga in in wei ght E x ere -

l nsfor. "' men t ~ of 
:,., 

We ight 1 o f ~ o f ~ o t (G rnrn s) foo d 
d 

Grn m s ~ I n cre nse 0 (G rnm s) T o ta l t o tal food 
-- - --- --- --

Larva " A 11 

1st . . . . . . . .. 3 .0208 gr. J % .007 1 .2 5' l 7i>O~ 34.2* 
2nd . .. . .... 4 .U732 gr. .4 Ii .0285 .9 11 406:, 38.!l 
3r d . . . . .... 5 .4994 2. 7 .1H8 3 4 508 28.!l 
4th ........ 5 1. 62 8 7 .5948 13.9 4 11 36.7 . 7446 g r. 4~ !) 

5th ........ 7 16.036 7 86.6 3.4!li6 8 1.!) 588 21.8 10.0u32 62.4 
--- - - --

T o tal .... 24 18.250 1 - 4.2732 1on3 23 .4 10 .7478 gr . 59. 
p l t1S 

Ln.rvu ' 1B 11 

1st ........ . 4 .0187 gr. .O&,t .0064 g r . .1 ~ 1600 34.2* 
2nd .... .... 6 .0788 g r . .6 ~ .0277 .5 4~2 34 9 
3rd . .. ..... 5 .4067 1. 7 .1359 2.7 490 H3 4 .1 176 ~r. ~8.£5' 
4 t h . . .... . . 5 2. 7756 12. .8 764 17.6 6-15 31.5 1.6908 57 .3 
5th ...... . . 7 l 9 .6591 85 6 3.93 4 78 .9 448 2u.o 12.5224 63.7 

- -- ·- - · --··- -- --
T otal .. . . 27 22 .~389 g r . 4 9818 12155 21. 7 14.2308 g r. 61.8 

pins 
Larv a " on 
lSt 4 .0 17 gr . 0. 7 .0058 .1 1450 34 .2* 2nd:::::::: 4 .0478 .6 .0482 .8 831 S2.6 .0232 15 7 
3rd .. .. . ... 4 .333 4 1.3 .11 16 1. 9 238 34.2 .091 27 .2 
,1th ........ 5 2. 7845 10.9 I 0 188 16 .7 889 36.5 1.3612 48.8 
5t h ... . .. . . 9 22.1636 87.1 4 9203 80 . 6 483 22 .2 12 .9584 58.4 

- 1 --- -- ---- --
T o tn l .... 26 25.4461 gr . <l.1077 g r . 15269 24 . 14 .4 338 !/l'. 56. 7 

I 

*C ompu t ed: av erage of 2n d , 3 d a nd 4th of all three Janae. 
Days of 5t h in st ar a re rho sc to attain maxi mu m weigh t , not to p upa t ion. 

0£ the food consumed, between a four th and a fifth becomes 
caterp ill ar , and nea rly two -third s excrement . Both fr esh tobacco 
leaves and fres h excrement cont ain about 86 per cent water- oven-dry 
leaves are 14.2 per cent of their fres h weigh t and oven -dry excrement 
14.01 per cen t-an d pres umably the cater pillar s contai ned as high a 
per cen tage of moistur e; th us the figur es on fre~h leaves, living cater­
pi llar s and moist excrement are about the same in relat ion to each 
other as those o:i' oven-d ry mate r ial. Th e data on excr eme!1t appears 
t o show a decre asing digestib ility of t he food as the caterp illar s in­
crease in size, and the last pellets excreted before pu pa ti on ar e lighter 
in color and possibly not as t hor oly digest ed as the other s. But, 
aside fr om this, it act ually indicates a part ial drying-out of t he 
excrement in th e earli er in star s ·because of the proport ionate ly la rger 
cont ain er used for the cate rpillar s when they were small . An 
aver age of t he figur es for the excrement for th e 4th and 5th in stars-
54 pet cent of the weight of t he food consumed- is probab ly ap ­
pro; imat ely corr ect for the entir e lar val period. Th e smaller net 
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gain of the caterpillar from the food consumed in the last instar 
fa due to the physiologic changes occurring in preparation to pupa­
tion and not to a diJl'erence in digestibility of the food. These 
physiologic changes and the ordinary muscular activities of the 
caterpillar entail the production of urates and other waste products. 
In addition to the undigested foocl, the pellets of excrement contain 
these waste products, which conespond to the urine in higher animals. 
As these two constituents of the. excrement can not be mechanically 
separated, the presence of the urates adds another factor of error in 
the data on the excrement. It is hmYeYer, a relatiYC1ly constant ele-
1nent for 1nost non-active caterpillars, and will increase considerably 
in amount in the last instar. The digestibility of, or rather, the net 
return from, tobacco leaves by hornworm caterpillars is around 40· 
per cent, most of which becomes caterpillar in the earlier instaTS, 
but nearly half of which is used up in internal changes in the final 
larval instar. 

The data on n1aximum net gain are not so accurate as might be 
wished, for the weighing should be made as soon as the last pellet 
of excrement is eliminated, and not at the convenience of the expcri-
1nenter, as the daily loss in weight after the maximum is reached, 
at least in the filth instar, amounts to about a third of the live 
weight, and as is later shown, the pupa weighs scarcely half the 
maximum of the larva. The remaining difference between food and 
caterpillar plus excrement is accounted for as losses of respiration 
of CO' and H'O from the caterpillar, and from the leaf aftel" weigh­
ing before it was consumed. Fresh tobacco leaves lost twenty to 
twenty-five per cent of their weight the first day kept in tightly­
covered glass containers, and the caterpillars never obtained all of 
the moisture they m·e credited ,vith. 'rhere is also a loss of from 
one to three per cent at each molt-the weight of the cast skin­
and possibly an even greater, but incalculable, loss in the molting 
fluid. 

For comparison with vertebrates which develop rapidly, the 
pounds of dry matter per day for each one lrnm1red pounds of live 
weight of chickens and ducks, as given by i\Ir. Wm. P. Wheeler 
( 4) is: 

Chickens Ducks Horn worm Caterpillars 

J<'irst two weeks ..... ,, ........ 10.1 17 .2 20. (first four instarsJ 
Two to four weeks, ..... ..... 9.6 17.0 -16. (lifth instar) 

The large consumption of food in the last instar of the caterpilla1:, 
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is for the internal activities and changes, and mainten ance, until th e 
adul t can obtain food. It is surpri sing that a sluggi sh, cold-blooded 
ins ect should consume so much more than active bird s which have 
a high body t emperature to maintain , even tho th e bird s are able 
to digest, on the average, twi ce as much of th eir food. 

The caterpillar of Phl egethontiit s sexta attain s in 26 days, 12,486 
tim es it s origin al weight (1/ 2500 gr am ) and has eat en an amount of 
food 55,600 tim es its primiti ve weight; that is, in half the t ime 
required by Telea polyph eniits it att ains more th an thr ee times the 
relati ve weight of the latter and consumes nearly one-third less food. 
Th e differen ce is due to many fact ors , the most obvious being the 
difference in weight of the ju st-hat ched lar va, 1/ 2500 gram for the 
hornworm and l / 20th gram for the silkworm, which is an un fortun ate 
selection as a basis for compari son. Actuall y, however, th e data car­
.ried thu s far means pra cticall y nothing, as the full y grown caterpill ar 
is not an adult insect- it has mer ely att ained its maximum growth . 

.Of th e t hr ee caterpillar s, one, " A ", escaped when full y grown 
and lost it s life in a battle with a lizard. 'l'he other two were rear ed 
to adult and from them th e following data was obtain ed : 

·'B '' 

Weight of pupa, F ebruary 2- -- - - --- -- - ---- ---- -- - 2. 541 gr. 
Weight of p upa, F ebru ary 13 __________ !,__________ 2. 3155 g r. 

P er e(•nt of dail y Joss -- -- --- -- --- -- - -- -- --- ---- - . 842% 
Computed weight of pupa at beginn ing ____________ 2. 648 gr. 

Comput ed weig ht of p upa itt cud -- -- ------ - ----- - 2. H4 3 gr. 
Weig ht of p upal skin -- ---- - - - - - ---- - - - - --- -- ---- . 0346 g r. 
Comp uted \\'Cight of meconium an d H,O loss---- - - 1. 4105 gr. 
Weig ht of food eat en by Jar va ----- ----- - ---- - - -- 23. 02 gr. 
Li ve weight of adul t-- ----- -- - - --- --- ---- - ------ . 6992 gr . 
P er eent of \\'eight of food eate n by la rnt -- -- --- - 3. 02% 
Oven-dry weight of food eate n by farrn_ __________ 3. 225 gr. 
Oven-dry weig ht of adul t --- --- - - ------ -- -- - - -- - - . 277 gr . 
P er cent of " ·eig ht of food eat en by la r va,________ 8. 6% 
Rat io : Weight of ad ult to foocl eate n by . Jarva_ 1: 11. 6 

a male 

"0 " 
3. 0895 gr . 
2. 8542 gr . 

. 672% 
3. 1965 gr . 
2. 7044 gr. 

. 0344 gr . 
1. 6518 gr . 

25. 447 gr. 
1. 0182 gr. 
4. 001 % 
3. 565 gr . 

. 399 gr . 
11. 2% 

1: 8. 9 
a f emal e 

'l' he pup m wer e not weighed daily as it was feared tha t th e inci­
dent al disturban ce might pr event th e emergence of adult s. The loss 
of H 20 from th e pup re was possibly abnormal, as th ey were not 
buri ed in moist soil, but kept in a closed glass contain er. The meco­
nium , which consists of th e non-gaseous by-produc ts of the activit ies 
of th e insect since th e first day after it , as a full y-grown caterpillar 
ceased voiding excrement , is excreted by th ~ 11}.0th immediately on 
eiriei·gerice and was . so' scat ter ed . that it couici not be weighed to 
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separate it from the loss of water experieneed by the moth in ex­
panding and drying its wings, and the combined weight of these 
factors is determined by difference between pupa and adult plus 
pupal skin. 

The computed maximum oven-dry weight of the larva is 2.15 
times (2.15 for "B", 2.14 for "C") that of the adult; that is, the 
insect loses over half its dry weight in transforming from larva to 
adult. The final data showing that the oven-dry weight of the food 
eonsumed by the larva is approximately ten times that of the oven­
dry weig·ht of the moth, is only an approximation for the species, but 
even of t,rn insects, gives a basis for comparison with other insects. 

:Mr. J. J. Davis has very kindly furnished the air-dry "·eights of 
adults of Ci,.phis unipuncta (ten museum specimens) as being ap­
proximately .048 plus grams. 'I'en ,Yeighed .489 gr., five weighed 
235 gr. 'l'he air-dry lveight of corn leaves from young plants is 
.02108 g-r. per square inch, and .0311 gr. for leaYes from mature plants 
of which the army"-orms ate +1.4 square inches to complete their de­
velopment, or from .872712 gr. to 1.28754 gr. 'l'he adult weighs only 
from 5.5 per cent or I/18th, to +.-per cent or 1/26 of this. Its 
larval period-26¥2 days-aYeraged one-sixth less than the horn­
vrnrm, and obviously corn leaves are less nutritious for armyworms 
than tobacco leaves are for hornworms. 

Indeed the results computed from i\Ir. Davis' data are so far re­
moved from those on tobacco hornworms that it seemed desirable to 
determine how great are the Yariations in the amount of food eaten 
by caterpillars on different and the same host plants. In most of the 
feeding experiments which were subsequentlr conducted, onlr the 
last and the next to the last instars were used; the amount of food 
consu1ned in the earlier instars, small in any case, being usually 
computed from that eaten in the next to the last larval instar. The 
excrement and the portions of uneaten leaf were dried before weigh­
ing, to eliminate the error due to partial drying-out ,yhich appeared 
in the hornworm experiinent. 

Several larvru of Peltici unne.ra Treitsche, a co1nmon cutworm of 
tobacco in Porto Rico, we1·e used in the first experiment, but only 
one transformed to adult under the abnomtal conditions invoh-ed. 

Maximum gross 
Weig-ht of lnryup 

1 .... . 
2 .... . 
3 ... . 
4 .. .. . 

. 807 gr. 

. 767 gr. 

. IH~ gr. 
,:ii gr. i 

Weight of food ente11 while 
under ollservation 

l~resh 

(died) 

3. 801 gr . 
·1.51; g-r. 
5.582 gr. 

Dry 

.:if>l522 gr. 
,(;.J.IH4 gr. 
. 792644 i;r . 

Jl:xcremen L; 
Drr wei_ght 

.175 gr, 

.25:J gr, 
,361 gr, \ 

JJigestibiJitr 
of food 



52 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE 

Larva number three transformed to an adult which weighed (dry) 
.064 gr., and its larva hacl eaten 3.746 gr. of fresh tobacco leaves, 
or .5244 gr., clry, or 8.2 times as much as the weight of the adult. 

A larva of Prodenia sp., another less cmnmon cutworm of tobacco 
in Porto Rico, which attained a maximum live weight of J .7 gr., ate 
6.697 gr. (5.6253 gr. weighed and 1.077 gr. computed) of fresh 
tobacco leaves, or .93758 gr., but died in pupating. Other adults 
(air-dry) weigh about .1 gr., so its relation to foocl eaten is probably 
very much the same as of Fcltia.. Also, an approximately equal 
portion of the foocl which it ate was transformed into insect-55 per 
cent-as of the 5.6253 gr. of food weighed out to it, .36 gr. of dr:v 
excrement was obtained. The two cutworms were able to digest and 
assimilate 55 to 60 per cent of the tobacco leaves and produce adults 
weighing a little more than one-tenth as much as the food they ate. 
The hornworm caterpillars, which were able to digest only a little 
more than 40 per cent of the tob.1cco leaves, nevertheless produced 
adults which weighed about one-tenth of that of the food they ate. 

A fresh cotton leaf was given to three larvre of Alabama. argillacea 
Hubner ,vhich had just molted to the last instar. In three clays 
they had consumed practically all of it and spun cocoons to pupate. 
The amount actually eaten, after the weight of the stem and the 
fragments had been subtracted, equalled 4.0488 gr., or dry, .971712 
gr. The total net weight of the caterpillars at the beg-inning of the 
instar was .2±36 gr., and at the encl .816 gr., a gain of .5724 gr., or 
235 per cent, but this is onl0• 14.1 per cent of the ,,-eight of the food 
eaten. The dry excrement weighed .6448 gr., thus the digestibilii,· 
of the cotton leaf by these caterpillars is less than that of tobacco. 
or 34.7 per cent. 'rhe hornworrns gained approximatelr 80 per cent 
of their weight in the last instar, but ate 85 per cent of their food 
at this time. 'l'he Alabama caterpillars gained 70 per cent of their 
weight in the last instar, and may be presu111ed to have eaten about 
75 per cent of their food in this instar. On this basis, the total 
food eaten amounted to 1.3 gr. (dq weight) to produce three moths 
whose dry weight Vi'as .1025 gr., giving a ratio of moth to food of 
1 to 12.6. The lower digestibility of the cotton leaf by the Alabama 
caterpHla1·8 necessitated a greater amount of it to produce a pro­
portionate amount of insect. 

A larva of Laphygma fl'1t(Jipe,.da. S. & A., ,ms able to digest 0111)-

25 per cent of tender corn leaves with which it was feel, and the 
adult ( dry) weighed one-twentieth of the dr 0· weight of the food 
that the larva had eaten. Comparing this data with the results oh-
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tainecl by i\Ir. Davis with the army,rnrms, which were also feel on 
corn, it appears that substantially similar insects feeding on the 
same host require relatively the same amount of food to produce 
adults. 

l\Iore extensive experiments with fifteen larva, of Xylomiges e,·i­
dania Cramer and ten larva, of Bombyx ,no,-i Fabricius, feel on the 
leaves of mulberry, with food and larva, weighed after their first 
instar, give somewhat similar results. 'l'he caterpillars of the Noetuicl, 
Xylomiges, digested 36 per cent of the somewhat dry and fibrous 
leaves of Mo,-us ta,-ta,·ica, and ate 26.4 times as much food as their 
adults weig·hecl. The silkworms digested 41 per cent of the tender 
leaves of JlI orus alba, and ate 23.8 times as much food as their adults 
weighed. The cocoons produced by ten caterpillars weighed 9.702 
gr., of which the silk was 1.1195 gr., or 4.2 per cent of the weight 
of the food eaten. The weight of the moths (air-dry) was .601 gr., 
and of 1392 eggs, computed from that of unhatched eggs of previous 
generations, .599 gr., a total of 1.1 gr., for adults and eggs, or not 
so much as the weight of the silk. The digestibility of mulberry 
leaves by these caterpillars was greater than· that of cotton and corn, 
but they ate considerably more of them to produce adults. Ap­
parently it is true in only a rather general way that the amount of 
food required by insects is inversely proportional to its digestibility. 

In the following table, the air-clry weight of the food of some 
other insects is compared with .,the "·eight of the adult, and the ratio 
between them given. None of this data is as accurate as might be 
desired, as the weight of all of the insects is pins the weight of food 
and excrement in the alimentaiT canal, ancl is not net as was that 
of the hornworm and of some of the other caterpillars. 

The Amount of Food Needed to Produce au Adult Insect 

Insect 
I Weight of 

adult 
in grams 

I Footl or Hosl \ I.ts weight Ratio I l_1u grams_-· ---1------- ---
' 1 3.09sq. In. of clorer 

1

1

, 

Il,1/J)U'(l })llllCfrtfn Fahr.'. 
Bru1•h us domilli('(I· 1 

nus,Jekel I'. 
'l'iphin trn.nsN•nm Sny 
'l'iphi11 spp. {females) .. 
01un1M 11meris J male 
dnrsalrl l•'abr. I female , 
EliR ha,mwr- { male ! 
rhoirlali8 l<'11br. female 

P11rqQfn 1u1.(f(lla 
Wiedemann 

Ophion bili111'0ftu1Sar. 

.OL552 : i. leu,·es i . !0-J!li 

.00312 i { be,~~~sii:;/cad,1 far- i ;. .022fl-1 

.O:!.I !' { Loclwoste1·11a whit(• : I. .:m125 

.02i6 grnbs :1 

.039 :. { grubs of Lir1,11rw, In· · !. i { 

.0~6 mulosus Burm. I .28 

.OOG .'· { grubs of Phytolw;api·; ,. .O:Jfi(l:! ! { 
OUl 1:alis Hh111ehard ; ! 

· ' ; [ Lach11oste1·11a duhia '1 
I J Sm. ( .21 

. 222 I) Lr1d11wstcr11u jusca } 
l Fr. .Ii" 
j Cnterpillnrs of Pellia 

,0!9 i l t'('IU'1'0lJilis \rnlker . 1178 

f 
l 

1 :7 

1 ;7 .BS 

]:!} 

1:7 
1:6 
1:6 
I :3.-

1:!i 

1;8 

1:6.2 



54 THE JOURNAL OF THE DEPARTi\IENT OJ,' AGRICULTURE 

An additional source of error in the above data is that in the case 
of the parasitic insects which suck the juices from their prey, 'the 
11-eight of the chinitous exoskeleton of the host, which, strictly speak­
ing, is not eaten, has not been subtracted fron1 the weights given, 
and this would give an eYen lower ratio than is indicated. 1rhus, 
preclaceous insects, which swallo,,· their prey instead of sucking the 
juice out of it, presumably have about the saine ratio as is given for 
the parasites in the table. 'l'he phytophagous insects also haYe about 
the same ratio vd1e11 the food is leguminous, in which case it is a 
balanced ratfon, the crude fiber of the plants ingested being the 
equivalent of the indigestible chitin eaten by the preclaceous insects. 
In the vegetative portion of non-legumes, the amount of protein 
present is 1nhch lower, and greater amounts of such food-roots, 
stems and leaves-must be consumed by the insect. The cell-sap of 
plants may form a perfectly· balanced ration for s01ne insects

1 
a:=,; is 

indicated by the faet that the excreta of the leafhopper, J(olla sim-ilis 
\Valker, even ·when feedjng on the young shoots of sugar-cane. is 
clear. colorless, tasteless and devoid of sugar ( 5). Such an almost 
perfect consumption h,-an insect of the plant juices on which it 
feeds is due to its active habits. By contrast, the honey-clew excreted 
by aphids and 1nealyhugs is an excess of ca1·bohyclrates which ean 
not be assimilated h;v these sluggish insects because of their Yery 
rapid growth and lack of mnF::cnlar activity. 

Anin1al and plant juices nm~- be almost entirel~- completel~- as­
similated by most of the insects feeding on them, and they undoubt­
eclly furnish food in its most digestible form. But the digestive 
apparatus of animals feeding on crude fibre is adapted to its clig·es­
tion. 'l'he decaying· plant tissue eaten by snails, slugs, millipedes 
and sowbugs, and the cow-clung inhabited by some of these animals 
and Elaterid and 'I'hreviicl larva, can be digested by them. One 
thinks of wood as being entirely cellulose, and entirely undigestible, 
yet the termite Cryptotermes brevis V/'alker, clue to the protozoa 
present in its alimentary canal ,Yhieh dissolve the cellulose, can as­
similate oYer half of some kinds of woods eaten by it. Of othe1·, less 
preferred woods, it assimilates smaller portions ( 6), but this 0111,· 
further serves to illustrate the point that the digestive apparatus of 
animals is usually well adapted to digest the foods which they prefer 
and ordinarily eat. 

'l'he consumption of food by an organism has these purposes: (1) 
maintenance, (2) growth, (3) reproduction and ( 4) storage for any 
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of t he th1:ee. Some insects concent ra te th e consumption of food for 
all of these purposes in to the larval period, whil e many continue 
t o eat when adult for mainten ance and reproduction, · but growth 
for practica lly all is confined to the larval period. In a general 
way it is know1~ tha t of the ·warm-blooded animal s, those matu ring 
most rapid ly obtain a greater adult weight for the food consumed 
than those ·which matur e more slowly , and th e small er anima ls re­
quir e mor e for maintenance in propor tion to their size, while cold­
blooded animals re quir e food for mainte nance only in proportion 
to thair size and activity, but like the warm-b looded, inversely in 
proportion to their rate of growth. It is obvious tha t in sects which 
develop slowly, such as white grubs and wirewo rm s which ma y re­
quire three to five years to become adult in the northern Uni ted 
States, eat less per day in proportion to their size, but certa inl y 
consum e more for maintenance because they live so long. Active 
insects with a rapid developm ent, like grass hopp ers, eat most per 
day, but mak e a less advantageo us use of th eir food for growt h 
than do other in sects with abou t the same ra pidit y of development 
that remain qui et and consume less energy in volun ta r y activit y, such 
as cater pill ars. In sects which develop wings and heavy cbitinization, 
and with a complete metamorphosis in their development, require 
more food for these str uctures and for th e changes and losses in­
volved in passi ng thru the pupal period, especia lly when this is 
protected by an exte nsive silken cocoon. The cocoons of 'l'iphici and ' 
Bomb'yx weigh somewhat more t han the air-dr y weight of the adults, 
and that of Ophion twice as much. 

rr wo of the factors involved in the most economical use of foods 
for growth by insects have to do with the food, (1) the closeness with 
which it app rox imates being a balanced rat ion ror supplying the 
needs of the in sect, and (2) its digestibi lity. The oth ers ha "lfe to do 
with the in sect, its rapidit y of development, the amount of its ac­
t ivity, and th e production of wings, scales, wax, heavy chi tin ization 
and simil ar str uctur es. 

Honey-dew and the nectar of flowers, alt ho not used for growth , 
are admirab ly adapted to the needs of adu lt insects with a high 
rate of muscular activity, such as bu tterflie s, moths, flies, bees, wasps 
and ants. All of these ins ects in their la rva l stage, no ma tte r what 
their food may have been, primaril y req uir ed from it the prot eids 
which were essential to growth. But as adu lts, carbqhydrates , es-
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pecially if in solution and readily available for assimilation, much 
better meet their needs. Insects which are not especially actiw as 
adults, such as most phytophagous and scaYenger beetles, may eou­
tinue to eat the same kind of food that was acceptable to them as 
larva,, for the usually small proteicl content of their food is now 
essential for reproduction. l\Iost of the preclaceous insects, such as 
dragon flies and the Carabid and Cicinclellicl"beetles, are as actiYe as 
any of those feeding on pure carbohydrates, but swift motility to 
capture their prey is essential, and is maintained despite the high 
proteicl content of their food. 

:i\Iany insects live for a long time as adults, the eggs of the female 
not maturing for some time after the emergence of the adult from 
the pupal stage. Such insects consume more food for maintenance 
as adults and for reproduction than they did as larva, for growth. 
The clover-leaf beetle as an adult eats 4.76 square inches of leaves 
and "at least an equal amount of stem" (3) for maintenance, 
aestivation and reproduction, as compared with 3.09 square inches 
of leaves eaten by the larva for growth and maintenance. An 
Otiorhynchicl beetle, Exophthalmocles roseipes Chevrolat, feeding on 
the leaves of sea-grape, Coccoloblb ,cvifera, which haYe a digestibility 
of 42.6 per cent for this beetle, ate .399 gr. of the fresh leaf in four 
clays, or about the equivalent of its own weight, .0982 gr., per clay. 
HmYever, as its dry weight was only 35.7 per cent. of its live ,1·eight, 
and that of the tender sea-grape leaf only 19 per cent of the weight 
of fresh leaves, in a month the beetle would eat 16.2 times its 
own dry weight and such beetles in captivity at least, often live 
two or three months. __ '!'he composition of the food, the length 
and activity of the life of the adult, the number and size of the 
eggs laid by the female all affeet the amount of food which is con­
sumed by the adult. 

The amount of food required by an animal for growth, mainte­
nance and reproduction varies so greatly and depends on such a 
large number of factors that for exact results it must be determined 
by direct measurement with individuals of the species concemecl. 
But in a rather geneml way, it may be considered that the following 
classes of animals require approximately the amounts of dry weight 
of food multiplied by their own dry weight as indicated in the fol­
lowing table : 
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Food Required for In sects 

Grou p oflusects 

Lepldoptera feeding ou gra ss or ot h er no11,legu-
mi no us pln.nt ., ......... ....... .. .... .. ... . ....... . 

Col eo pte ra with s<tme habits ...... . . .. . ... .... ... . 
Lep ld op tera feeding on l<>guminous plan t tissue 
Cnl eopt era with snme habits . ........ . .. . ... ... . . . 
G rnss h oppers. most l~· grass feerters .. .... .... .. ... . 
Uricl,ets. mixed feeders . . .. . ..... . . . ....... . .... . . 
Pr ertnceons Ins e~ts an cl An ts ....... . ..... .... .. . . 
Apllicl s 1rnct ~realyb11gs ...... . . .... .. .... ........ .. 
Leafho pper, and other a ct l\' e Homoptera and 

l:lemip tera . . . .. . . .... .............. ... .. . ........ . 
Spider s .. ......... .... . ............... . ......... .. . . 
Para sit ic In sects .. , . ... .. . .. .. . . . ............... .. .. 

A s J,iryae or nymph s . ~s ~du .It~ for ·M A 1. N 
for f'HOWTH lE NA!sC. E ond hE -

, . PRODU CTl<•N 

20 
20 

i 
7 

15 
JU 
8 
7 

5 
5 
5 ( or le ss) 

30 

10 
15 
10 
15 
15 <nph)ds cnlyl 

HT 
JO 

For determ inin g the amou n t of damage cau sed by an insect p est 
to a crop , howeve r , even if the amount of food eate n b~, the indi ­
vid ua l in sect is knO\rn and th e numb er of in sects pre sen t in the field 
can be cal cula ted, thi s does not give all the essent ial factor s . In 
the case of li ving pl an t s, the host is a grow in g or gani sm whic h may 
in cr ease en ormorndy in size in onl .v a few da ys . Th e predator s ancl 
para sites of t he in sect ar e anoth er lmknown fact or. 'l'h e>· may 
gr adua lly and quite evenly red uce t he numb ee of certa in k ind s of: 
insects so that the pro dnct of th eir abundance by \\·eight ma y remain 
const an t. Or, t he majo rit~, of th e individual s of a species ma y he 
able to obtain full growt h before be'n g kill ed by th eir enemies. 
Also, the averag e abnnd ance of an in sect thrnout the seaso n seld om 
in dicates its importance during the few weeks of its maximum 
activity. Each insect is a special case, and the se consid erat ion s 
only sugg est t he numerou s dilfficnlties attending the solu tio n of even 
th e simpl est indi vidual prob lem of the ab solute impor tanc e of on e 
insect tha t feeds exclu sive ly on a sin gle host . 
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