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'Ine present day knowledge or lrnmarure insects is incomple~e and 
fragmentary as compared to the information that is available concern- 
ing adult insects. The study of immature insects has been neglected, 
but is of great bioloffical interest because a knowledge of the prepara- 

ng of the many adap- 
aecognized when light 

rle lrnrnamre stag ~parauve studies of immatare 
forms will yield light on the significance of metamorphos 
as to the origin and development of this phenomenon wIiic 
its greatest development in the specialized insects. Certain 
of immature in :n fully understood should aid in the application 
of t h ~  to insects and all attempts to correIate insect 
ontogt y must give careful consideration to the charac- 
teristics anu pecuuarrries of postembryonic development 
hardIp necessary to stress the importance of the study of i 
sects. They afford numerous aids in the study of phylogen 
fication when study of the adults fails to furnish the necessk~ r;v tucl 

Moreover, larvae are of great interest I ,f their I 
furnish abundant material for the stud ect ecolo 
neglected field. 
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plished but what little has been done is scattered widely in the e 
increasing ffood of entomological literature. No attempt ltas ever b 
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made te bring together the known facts of larval and nymphal develop- 
ment and not even a bibti on the whole subject is available. 

The present paper i :mpt to bring together some of the 
materials for the classificallvll U L  immature insects ; the important facts 
of metamorphosis and some structural characteristics are !d, 
and some available keys to the immature stages of insects a in 
the hope that others will strive for a further advancement in me classi- 
fication of immature insects. 

considere 
re listed 
1. I . 

PRESENT STATUS OF CLASSIFICATION 

Most of the earlier students of entomology devoted their efforts 
to the sh~cly of adult insects, stressing at first the classification, and 
later, the morphology of mature insects. A few workers such - -  
Swammerdam and Reaumur devoted their attention to the 
phosis and habits of insects. Led by the great Linneaus, th 
jority of the students of taxonomy, even up to the present aay, t7a.- 
confined their attention b ssification of adult insects. Through 
their efforts new species ng defined and a limited number of 
descriptions of the egg, larval, ancl pupal stages are being compiled. 
These descriptions have been aupented  in recent years by the in- 
creased interest in economic entomology which is especiaIly evidenced 
in the United States, as well as some foreign countries, and by the 
establishment and develol JS federal and sta les 
for the study of insect 1il :ories have expent &e 
share of their efforts in I vast number of 01 n- 
icaly important insects and fertttnately the work is still progressing 
In spite of the fact that aur knowledge of the immature stages of insect: 
is rapidly increasing, it has by no means kept pace with the advance 
made in the studv of adult forms. The available information is sc: 
tered widely in t until some effort is made to assemt 
the present knovr will be slow. 

Perhaps the best known groups of immature insects are the Lepiu- 
optera and certain members of severa1 insect orders which are generally 
referred to under the group term 'kquatic insects". The stttdents of 
Lepidoptera have been among the foremost in advancing the stndy 
from the systematic stanc be explained, in part at least, 
by the lrnexcelled beauty hich has led many c~Plectors 
to rear and study the im~l ia~ure ~L+,c=, ~t many cases merely to obtain 
more adult specimens. It   nu st not be forgotten, however, that many 
students have been impelled by a desire to know more about the imma- 
ture insects. 
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The early stages of aquatic insects are better knov se of 
the ease with which many of the insects can be reared. Tlk=lcr some 
grou the immature stag patic, others in v 
both he adult spend n heit life in the 1% 
and only rare lnsrances, as in the case or some aquatic Hpnlenof 
in which only the adult is aquatic. The stud? of fresh-water biology 
has developed rapidly with the aid of many investigators who are not 
strictly entomologists, but who have, nevertheless, given some time to 
the s quatic in - 1 Europe done 
an ir 3n the cl liting 
form md they ested 
and nave pven some artentlon to various goups or ~mrnarure rorrns. 
Such workers as Schiodte, Du four, Pertis, Boving, Dyar, Fracker, 
Yuasa, and Mosher may be considered as initiators of the systematic 
study of immature gfurqnC 
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Insects, as well as thropoda istinct periods 
during their life-histar b~yonic I ryonic period, 
and an adult period. itst or er  re comprised 
the processes of maturat~on, fertilization, egg cleavage, the forrn?*:fi* 
of th I the g m  rgans and append 
ally, the ime, within the egg a1 
is k n ~ ~ ~ ~  dJ L i r e  clllW1~- 
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F t, the second or postemht r i d ,  
brief aal stage. In the adult st; nsect 
exFiihlrs air or most ox rne stnlctures of the body (excepting prov~sional 
organs) as evidenced by completely developed appendages and internal 
organs. In some species the newly transformed adult requires some 
time for the complete development of the organs of reprodtiction. In 
other a period just after transformation is 
undel uals are not fully colored and, in a still 
helpless cunalnuI1, rllusr ue nvurished and cared for by other members 
of the colony. Such individuals are termed callows. The insect in this 
last phase of its life is known as the adult whose chief function is the 
perpetuation of its kind. This is accomplished by the act of copulation 
when the female is supplied with spern trtilizatio 
the eggs. The male, h~weves, is not aIb this puq 
As is we11 known many insects may rep ~ n e t i ~ ~ l l y  
the males may be entirely lacking, few in number, or a! 
at certain intervals during the seasonal life-cycle of the  sp 
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The second or postembryonic period is that between the hatching 
of the embryo and the attainment of the adult condition. In some 
groups of insects the changes during this period are very slight and 
may be only an increase in size, whereas in other groups very striking 
and remarkable changes may occm. Also, the groups are not a11 in 
the same stage of development when hatched anc uently the 
greater the difference between the newly hatched in: h e  adults, 
the greater will be the postembryonic changes. vvnen vnly minor 
changes occur tf pment is said to be direct and the type of 
change is someti ed direct metamorphosis. If the course of 
development is d nd each successive change is . - different, with 
complicated proctz52es ~ ~ ~ u r r i n g ,  the development is be indirmt 
and is frequently known as indirect rnetamorphosi! rect meta- 
morphosis the young and adults are quite similar. T! ,f develop- 
ment occurs in the Apterygota as represented by the oraers rhysanura 
and ColIembvla. A somewhat more complicated type of direct meta- 
morphosis is found among these Pterygota in which the wing develop- 
ment is external, as found in Orthoptesa, Dermaptera, and some other . 

ten orders. The remaining orders, belonging to the Pteq :h 
as Coleoptera, Lepidoptera and others, present a complicat :e 
from the larval to the pupal stage and likewise a pronoutrceu criiu~e 

from the pupa to the adtllt. They are consequently said to have indi- 
rect metamorphosis. These two types of development occur in varying 
degrees among many animals other than insects, but to a less pro- 
nounced degree. logists as a rule apply the t imorphos 
to both direct an :t types of development, p, 3me zoiiI 
gists consider only m e  changes occur&g in india opment i 

metamorphosis. 
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During the postembryonic period, in many insec&, certain struc- 
tures are developed which are for use only during the period of p o w t h  
and are !ost or absorbed before or at the time of the emergence of the 
aduit. Such tern1 - zal organ ir presence 
tends to increase le organi: the irnrna- 
ture and adult sf ional stn re the pro- 
lpgs of caterpillars, digging fare-legs of the cicada nymph and the psctc- 
dopods of dipterous larvae. As these organs are essentially structures 
of the immature stages and not of the adult, the young insects possess- 
ing provisional organs may differ from their parents in at least one 
of the following types of provisional organs: 
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I. In the form of body sagmenWi0n. 
2. In Ithe degree of development or number of organs of lot 
3. In the degree of color, chitinization or armature B ~ I G I I  uu aatae, 

a or spines. 
4. cation Or number of gland& 
5, !flee of development of antennae or mouthparts 
6. In the preaence or absence of certain external structural characters. 
7. In the degree of deveIaement of internal atructurea. 
Deegener (1909) has classed provisional organs into lnd 

organs of the first order" and "provisional organs of the secona oruer". 
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U. more or l e ~ a  chltinized, thorax or at least the pm- 
lfffering from the other Begments quite noticeably. 
more strongly chitinieed, or otherwise sculptured: 

---, ,-nerallg with lateral eye points. EXAMPLEB: Rhlrphi- 
dians, Ant-lions, Carabidae, Dytiscidae, Silphidae, Coccin- 
ellidae, ElateriBae. Chrysomellrlae. 

CO. Iwmae weakly chttinized, aoft-skinned and mostly whitish, 
but with chttlnized dark head; thorax differing but l f + + I -  
from the other segments. 
BeetIes and Dung Beetles. 

rvae with poorly developed 
~ X P L F . ~  Many Cerambrcid,, ,,,,. 

I rvse wlth sternum wholly atrophld or undeve: 
Lama8 with a head capsule and t ~ i c a l l p  to 
parts. EXAMPLE: Bark-beetles, Snout Beetles, 
Ants. Ichnetrmons, Midges. 

CC. Larvae without a head capsule or well-lorn 
parts. Ex~~lrzrsa: Most diptera. 
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AA. Larvae with prole@. 
B. La~vae usually with flve pairs of proIegs. Eglrxwm~: Butter- 

fltes and Moths. 
BB. Larvae with more than five pairs of prolegn. EXAMPLE: Saw- 

flies." 
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The fundamental pr ,f metamorphosis are grm 
owsnt of ~ttifigs and, paedogenetic insects, r e  
Growth can only be accornp~lsned by the shedding of the L u r l c u ~  I ,  

malting. The body, as well as its appendages, is  covered by the cu 
cula in which there is a substance called chitin, the amount of whi 
determines the rigidity or flexibility of the body wall and this is CL- 

pendent to some extent o msect. Soon after the depo- 
sition of chitin the body r )ecomes inflexible and inelas- 
tic SO that it becomes difilcu~r zor the insect to expand its body during 
growth. In order to permit expansion, the insect periorlically casts 
off or sheds this hardened layer of cuticula. This process is known as 
naolti~g or ecdysls, and the molted or cast skin is the ex~bviae. When 
the growing insect is ready to shed this hardened, outer, body wall it 
becomes quiescent for a sllort period during which the primary or outer 
cuticula becomes sepatated from the inner or secondary ct~ticu$a. This 
separation is aided by a fluid secreted from certain exw ~ d s  
which is said to act corrosively on the structures beneath t LrY 
mtic~~la. Finally, the old cuticula splits on the dorsbmesal of 
the head and thorax and after forcing the edges of the rent apart, t' 
insect slowly forces its body out of the old cr~ticttla. The new cuticr 
is soft and often colorless and sonde time must elapse to allow for t 
hardening of the new chitin and for deposition of pigrnent before colc 
ation is completed. It should be recalled, that not only the body w 
and the appendages lose their cuticula, but also the cutict~lar lining 
the alimentary canal, tracheae, and parts of the reproductive organs :-- _ 
molted. 

There is a wide range of variation in tl-re number of molts through 
which insects pass. There is said to be a single partial molt in Cam- 
podea and Japyx, and Lubbock ltas observed the May-fly 
molt 23 times. Any number may occltr between drese ex 
the number may not be constant for the same species. 1Vhir;e grws 
a rule molt hvice, but some species may molt three times. Certain dip- 
tero~ls larvae (Cyclorrhapha) and some Neuroptera have two molts as 
a constant number. The number of ecdyses is also variable in cater- 
pillars. May-flies may molt after wings are acquired and ColIemhola - 

lThia group would also Include the larvae of Mecoptern. 
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v . . - . . . may molt aTter reaching sexual maturity. rrequently molts occur swn  

after hatching. The causal factors of such tack of uniformity ma 
physiological and are thought by some to be due to food relations. 

Most of the stages through which growing insects pass are lin 
parated f h other by molts. The intervals occt~rring 
I the mol IIed sfdia (single, stadium). The term ipr 

applied by Sharp alru now widely accepted is used to designate 
fom assumed by the insect during the various stadia and is use 
replace such expressions as "the form assumed at the first molt'' 
"the appearance when hatclred". The form at the time of hatching IS 
the fi r, that after the first moll second ir 1 SQ 

forth. 

or scl 
tween 

'som eacl 
ts are ca 
..- --3 

t is the ! ]star, ant 

; USED IF 

ire mark' 

TION OF : 
.he body 

IMMATOI 

form bet 

1E INSEC 

ween the 

rs 

im- 

J THE CL 

As there i ed differt 
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young insects ision of certain structirres which are charactc 
istic only of th mental period. These have beer1 considered 
"provisional o It was shown that certain structures like 
suckit Ceuroptera may h 
The 1 ce of some of th 
A c o r l l l J l ~ ~ ~  U I S L U S ~ I W ~ L  of the countless nurnuers UI larval structures 
beyon lis paper and onIg such generatiza rill 
made ate the points under discussion. 

111 L I I C  nynlpnal stages a cIoser correspondence with the aoult stage 
is to be found than in the larval stage. The three body regions are 
more marked, the Iegs are more highly developecl, and especially in 
older nymphs the structures more closely approach the adult form ex- 
cept in the degree of wing developmen body seg n in 
nymphs is Aefer~.onymonw or specializerl i~ t to the I LDUS 

or generalized condition of larvae, in w h ~ c n  are recogized vaTing de- 
grees of specialization. In apodous or footless larvae the metameres 
of the thorax and abdomen are nearly similar, the animal exhibiting 
only a head and trunk; frequently, as in some Diptera, the head may 
be only slight! ~tiated. Larvae 1 developc how 
more specializ: not to the degree 1 nymphs ving 
pads are founr tion to the legs, n the thc lore 
specialized. The various degrees of larval specialization : 
helow. 
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The Body Wail of Nymphs and Larvae 
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The structure of the body wall in immature insects differs very 
little from that of the adult except for differences in degree of chitini- 
zation, but the appendage :uticula, hairs, spines, setae, tubercles, 
etc. vary in some orders t 1 extent that they are useless for pur- 
poses of taxonomy where er orders, especially the Lepidoptera, 
their form and a :nt are sufficiently constant to use in the clas- 
sificatian of speci arrangement of setae is useful in the classifica- 
tion of mosquitc and may prove of value in beetle larvae and 
sawfly larvae. barman has made use of the various color mark- 
ings and finer texture of the cuticula to distinguish certain species of 
cutworms and a deeper study of the shape and structure of the spira- 
cles may prove of importance in other orders, as they have in Diptera 
where extensive taxonomic use has been made of the minute stnrcture 
of the peritreme and the shape of the apertures of the spiracles. 

The Head of Nymphs and Lawne 
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The functions of the head of immature insects are practically t 
same as those of adult insects and consist of the three important physio- 
logical processes of ifigesfs'on, smmtmbo~, and ceordination. The pro- 
cess of ingestion is perhaps of greater importance in young growing 
insects than in adults, w -  ensation may be Iess developed, and 
coordination, brought abc e degree of development of the nerv- 
ous system, may also be weU marked. For performing these 
functions, and chiefly, because rne law of cephalization tends to localize 
a number of structures in the head capsule, the head may be said to 
contain two rather distinct groups of csrgans, those which may be 
classed as essential organs, snch as the brain, optic ganglia, cranium 
pharynx, and aorta, and those which may be considered as accessa 
structures, aiding in ingestion, sensation, and coordination. The 
accessory organs consist of s11ch parts as the muscles, glands, antenn; . 
mouthparts, tentorium, hypopharynx, and the sympathetic nervous 
system. 

In general dte head is distinct from the rest of the b d y  and when 
well developed is known as the exceplaalarss type ol IT s 
in both nymphs and larvae, In such heads the inte I1 y 
more heavily chitinized and more resistent to exte4  re 
the remaining segments of the body. It is ordinarily broadly joined 
to the thorax but may be separated by a well marked constriction as 
in the nymphs of the horse louse, Na+?matopiaars nsilei or in earwig 
nymphs. Sometimes, as in dobson-fly larvae, the occiput may forin a 
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distinct coIlar at the base of the head. I I insects, 
region is l~eavily chitinized while the caud41 dl=*, inore or less yrureclrtl 
by thc less heavily chitinized and is 
capabl amen of the prothorax. 

111 1Zldll)/ U I ~ L T ~ U U S  lar v a r  me rleau 1s indistinct, when it is classified 
as an acepha.l~nts or ps~addocefhalous type of head. In such larvae the 
head is greatly reduced and is retracted within the prothorax, i f  de- 
veloped at all. Frequently the anterior margin of the prothorax is so 
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serted .rgin of the head capsule in larvae and 
near tl eyes in nymphs. The number of seg: 
rnents IS usually constanr In larvae both for the species and for the in- 

star. They apparently do not increase in r f segmen 
the various molts as Criddle has found to xse in ny 
custidae (Acridiidae) and as others havr: uuscrved in otI~t.1 n y l r r l  

forms. In most immature forms the firs cimal segment is 
scape, the second is the pedide, and thos follow constitute 
flagellam or clavola. When only one or two segments are present 
divisio finitely d vhite grt :, a 
roundt otuberanl I on whit :en- 
nae ar~ !ntly beer asal segn any 
coleop' vat: pu3sess a small supple1 segment on the distal 
end of ~ltimate segment, giving t rance of a forked or 
split a1 Larvae of the Dtyopidae a of the coprophagous 
Scarabaelaae exhibit such a splitting. However, rn the Dryopidae, ac- 
cording to Ros supplementary segment i! ~lti- 
mate segment >f the penultimate, which on- 
strict4 like tht U 1 S L 4 1  aegment. 

A us larvae :, papilla uc- 
tures 1 Lt which e "anststettj as". 
They ~ L L I ~ J  L ~ J G  pustLlvn of the rrrrvzrnrae ~ I I U  Y ~ ~ b a b l y  have a se~lsory 
function. On the sides of the antennae of certain aquatic Diptera, for 
exampIe in Si~siiwrn (black fly larvae) and Czalex (mosquito larvae,) 
are .appendages bearing cilia or tufts of setae which help to maintain a 
current of water toward the mouth, thus providing aquatic ;rns 
for food. 
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Compound t ound in nymphs of those species i 

which they are PI form. If the adu yes, whic 
is frequently the e forms, the nym< acks ther 
Well developed eyes are presenr: m nymphs of Hemiptera, rnv~t Hornop- 
tern, Orthoptem and Odonata. In older nymphs p G w y  oceldi are 
also found but there is some doubt as to their ability to function. Fre- 
quently, they may be only the simple eyes of the adult showing through 
the nymphal cuticle. 
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usually f 
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legenerat 
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Compound eyes are never present in larvae which, as a n ~ l e ,  are 
provided with groups of simple eyes known as adadaptive ocelli. This 
type of ocellus is to have heen brought about by a change in the 
habits of individl e regard larvae as being secondarily developed 
by adapting the~n>elves to their particular mode of life. Adaptive 
ocelli usually occur on the sides of the head. In the Perlidae (Pleo 
ptera) and the Ephemerida ocelli are on the dorsal aspect, althoug 
these may be adult ocelli showing through the cuticula. Such ey 
are distinctly different from the primary ocelfi of adults. 

Primary ocelli are usually three in number, but maybe 0. 

It is believed by some workers that the median ocellus rc a 

fusion of two oc been, primitively, two pairs of simpIe 
eyes. Because o erences in structure between the two 
kinds of simple yP has proposed the term ocella (pl. 
ocetlae) for ail simple eyes of larvae to distinguish them from oceldi of 
adults. The number of adaptive ocelli is variable in different insects 
and may differ in the same species. Coryddnlzts larvae may have six or 
seven on each side. Henneguy (p. 450) cites the following groups 
which have from one to t\venty ocelli on each side of the head. 
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One ocellus-kmpgrldae, DrlIlldae, Lycldae, Telephorfdas, gome C r ~ ~ t o -  
phagidae. Cerambycidae and Curculionidae, phytophago:ons HymenoP- 
tera (Tenthredinoldea) and Trichoptera. 

Two ocelli-Bjrrrhldee, Melmdryidae, Oedemerldae, Tenebrionidae. 'Mitul- 
idae, Elaterldae and mme Scarabmidae (T~ox).  

Three ocelli-Many Cereambycidae, Tenebrionidae and Coccinellidae. 
F6ur ocelli-Cicindellidae, most Staphyllnldae, Pyrochrofdae, some ChrY- 

somelidae (('iasairlo) and Coccinetlidae. 
Five OcelIi-Cleridae, Ciodldae, Colydlidae, Mycetophagldae, Heterocer- . 

idas, Parnidae, Laqiidae, many Byrrhidae, some Cerambycidae, and 
many lepidopteroua larvae. 

Six ocellt-All Carabldae, Dytisddae, Ggrinldae, Cyphonidae. Erotylidae, 
most Hydrophilidtie, Dermestidae, and many Chrpsomelldae, ShlZR 
and moat Lepidoptara. 



Seven ocelli-Raphfdia and Bttlacw. 
Twenty ocellf Or mow-Panoma and Bol 
Larvae Iiving in the soil, in wood, o oncealed 

no use for eyes and consequently are blirlu. ~~xdrnples of sutn spcclcs 
can be t the Scarabaeidae, some Curculionirlae, many Ceramby- 
cidae, midae and many others. Most hymenopterous Iarvae, 
except~ng rnose of the sawflies and their close relatives as well as many 
Diptera. ate without adaptive ocelli. Itany aquatic Dipte~ vell 
developed heads (C?dex, Cor~ihra ,  etc.) are provided wit In 
certain Cecidornvirlae, scattered pigment spots over the bodv IMYC ween 

with nerve endings which have ;ain 
suggest a visual function similar t c  md 

~y 01 rne lower organisms. 
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Yvung rrlsects that exhibit gradual metamorphosis ord~nar~ry h-1- 
the same t y p e  of mouthparts as the adult and as n rule they are of 
lnandibtllate {chewing) tvpe ; examples ate the nymphs of Orthoptl 
lsoptera, and others. Those having stictorial mouthparts in the nvmi 

;pending type in the adult! ~rniptera, 
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the ad1 Henneguy (p. 4 the various types 
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1. Insectes menorhmttes. Suc in both the immati Iult 
stagan: Hornoptera, Wen ~d Anoplura. 

2. Iasectes menogaathea. ChehlA=, h7pT In both the I r n m a t ~ t ~ ~ ~  d u l t  
stages : Zlrthoptera, Odol [ecoptera, 
Trichaptera, Coleeptera 2 ltera. 

Insectes metagnathes. Che~ ma1 stage 
or lapping In the adult stage: uiptera, mpnonaptera, mpfaopt~ 
and some Wyrnenoptera 
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The insects are psedacet their nourishment is the body fluids 
of their prey, Jthough I :y can take in sotid material. Other 
examples of this condi found among the Myrrnelionidae, 
Chtysopidac, and the Wemerobiidae. In these, the mandibles are not 
penetrated by a canal, but are grooved on the under surface to form 
a canal with the aid of the corresponding maxillae. 

A unique speciaIizatim of the maadibulate type of mouthparts is 
found in the Odonata. The mandibles and maxillae show no special 
modifications, but the labium is a carious structure, varying in degree 
of development among the various genera. The labium is normal in 
the adult stage. It is usually longer than the head in the nymph and 
possesses a double articulation which allows it to be protruded or 
retracted. It is thlis an extensile and prehensile organ used to grasp 
food. When retracted it covers the mouthparts, in whole or in part, 
and it is then called the w s k ,  a name applied to it by Rcaumur. The 
submenturn of the mask is very long and, when retracted, is usually 
under the prothorax. The menturn, likewise, is elongated and bears on 
its distal end a pair of labial palpi which terminate in a movable kook. 
The setae of the menturn (mental s e f o ~ )  and other characters of the 
labium are used to a Iarge extent in taxonomic keys to the nymphs 
(or naiads) of this order. The movable hooks are used, when the 
labium is extended, to aid in grasping the prey which is then brought 
back to the mouth. 

In the Eepidoptera there is a marked t m s j  1 from t 
biting type of larval mouthparts to  a siphoning str E the adu 
The structures are normar in the l a m  but during its period of growth 
a large, invaginated histoblast is developing which produces the elon- 
gated maxillae, or more properly speak in^, the galea of the maxilla of 
the adult. This becomes evaginated at the end of the larval period but 
does not assume form until the adult stage is reached. Observ- 
ers have noted t Iutt mandibles are developing within or behind 
the lama1 mandiu~es, so rhat in the adult the mandibles are either absent 
or are vestigial. 

The mouthparts are fairly well developed among the larvae of 
eucephalous Diptera, but extreme modification occurs in the acephalous 
and legless dipterous larvae; in these insects the mouthparts do not 
appear externally until the pupal stage and do not function until the 
aduIt stage is reached. The larval mouthparts are greatly reduced and 
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cIaspers during locomotion. Larval mouthparts of this sul L alc in no 
way homologous to the mandib IIae, and labium o 

The most common exarnpl ects having suckit 
in both the young and adult s t b S ~ a  n r r ,  found in the orde~ 3 A l u t r r u l  

Hemiptera. and Anoplura. T h e  nymphal mouth organ: 
labrum, epipharynx (or possibly a combined labmm-epir 
mandibular stylets, two maxillary stylets, and a sheath, or scao--. - 

like labium, with palpi usually lacking. They are essentially like the 
corresponding adult structures and further description is not necessary 
here. The suck in^ types occurring among holometabolous larvae have 
been mentioned above as specialized mandibulate types (Dytiscidae, 
Myrrnelionidae, Chrysopidae and Hemerobiidae). These modified, 
sucking mandibles are usually projected cephafad and not folded under 
the body as are the mouthparts of the Hemiptera and Hornoptera. 
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Other Appendages of the Head 

Except for the antennae 
devoid of other appendages, bu 
on the heads of some Plecopte 
pharynx in nymphs of Perla o 
extmds beyond the glossae a1 
appendage of the head. 

and mot 
t the nom 
ra shoulc 
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~thparts, the head is generally 
t-functional tracheal gills found 
I be called to mind. The hypo- 
ler Plecoptera is elongated and 
thus appear as a non-movable 

The Thorax of Nymphs  and Larvae 

rax duri 

3.  Usual1 
of the 

?so- and 1 

The thorax is the second division of the body and i s  not as speciat- 
ized in either nymphs or larvae as it is in most adult form! y the 
segments are quite similar to the remaining segments body 
and are desi-mated, as are the adults, by the terms P o -  mt suta- 

* 
ax. In the aculeatt Hyrner he basal or first abdominal seg- 
: is transferred to the tho ng the change from the lama1 
e pupa1 stage. This first a1 segment is the medfas segnae~st 

or pvopodeum and the thorax as tnus constituted is the nlitrttrtk in both 
pupae and adults. 

The developing wings or wing pads of nymphs are conspicuous 
appendages of the thorax. The trachenl gidls of aquatic forms are nan- 
articulating appendages of both the thorax and abdomen. Other 
appendages are omare&, eversible glands, on the dorsal aspect of the 
prothorax in Papilia and the ventral eversible glands in Notodontidae, 
Noctuidae, and other fepidopterous larvae. The clothing hairs or setae 
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ewer segl 
:. The ta - .  

and the chitinous tubercles of many caterpillars are also less con- 
spicuous appendages. There ma). be setiferafcs fitrrbercles, or, if the 
tubercles are larger and with many hairs, verretcoe, as found in the 
Arctiidae. J f  the tubercle is spinose as found in the Saturnioidea it is 
known* as a scolrts. Setae that are no ~t are known as sscondnry 
setae. If they are constant and haw ite position and usually a 
definite nurnher, they are called prb re. In some groups there 
are certain setae present in all the instars except the first which are 
distinguished from those present in the first instar by the appellation 
.rrtbpP.aarary setae. In the classification of the lepidopterous larvae each 
of these setae is given a clistinpishing name. 

The locomotor, thoracic appendages are t~suall>- called the "true 
legs" in contrast to tlie al~dnrninal legs when they are present. I n e n  
thoracic legs are present they are, as with the adult, six in number. 
In a few cases, for example, the lam ssolus cnrnufnis, the rneta- 
thoracic pair is much reduced. I n  i nce, the reduction is due 
to a moclification in which this leg- 13 u x u  as a scraper to stridulate 
with the mesothoracic leg for the production of sound. 

As n rule the same divisions of the Ieg occur in the immawre insect 
as are found in the adult insect although the segments are usually 
shorter and the tarsi lrave fr ~ich sometimes increase in 
nutnber with the later molts rovided with a single claw 
in most Coleoptera, Neuroprera ana ~e~ ldoptera .  The Carabidae, 
Dytiscidae and Gyrinidae are exceptions to the Coleoptera in the pos- 
session of two tarsal claws and some Neuroptera likewise have two 
claws. Meloe, Myi'abris and other t r i u n ~ l i n  larvae are so-called be- 
cause they possess three tarsal d a  median claw is 
enlarged for piercing whereas the 1: harp and curved. 
Riley and others have shown that th e two large setae. 

The development of tlre thoracic legs is frequently correlated with 
the mode of life of the immature insect. J f  it must search for its food, 
as with the carabid larvae, the legs are well devejoped. If food is 
close by and abundant the leas are less developed and even entireIy 
atrophied in forms that live in their food material, They may have 
legs in earlier instars, retaining them untiI foorl is found after which 
they cast them aft' with the next molt. Sucll forms are ustially con- 
sidered as having a simple type of hypermetamorphosis, especially if 
other striking clianges such as body form occur. Footless, larval insects 
are common and tlie loss of these appendages is usually considered as 
a secondary adaption. The larvae of aIE Diptera and Siphonaptera are 
legless. Some Coleoptera, such as the Rhynchophora, Eucnernidae, 
Buprestidae and many Cerarnhycidae are apdous.  A few Lepidoptera 
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11 the Hymenoptera except the sawflies are without thoracic 
eFees of development between the fully developed Teg and 

apodous forms can be traced in various groups. 
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with 1 division tars. 
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y flattened and ciliated for swimming. The anterior pair of Iegs 
sually fitted for locomotion but may be modified for prehension 
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The Abdomen. of Nymphs and Lomuc 

The abdomen, the largest of the three body regions, compnse 
parts ' the 
tergal only 
terga re r e r ~ a  and 
sterna ruay r ~ r  may not be con1 ir a longitudinal membrane or 
conjunctiva. SpiracIes are usu; :nt and functional in the first 
e i ~ h t  segments. They map, in :cies be present but not func- 
tional. The caudal segments graaually become specializei - b l  op- 
ment proceecls and as a rule dii xes. 
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Appendages of the abdome he capac 
tion, locomotion, respiration, or r reptodr 
adult stage. The cerci are ConslLIereQ as betng sensory In runcl 
serving in a tactile or olfactory capacity. They have been vario 
regarded as appendages of the ninth, tenth, and eleventh s e p t  
Cornstock considers them to belonz to the eleventh segment. T 
positii vary in different .e alway! 
exhib : deal of variatiar e. They 
not be segmented and composed or rrom one ro many segr . - .-.., 
segmented cerci are found in the Thysanura, some Orthoptera (Man- 
tidae, Rlattidae and some Gryllidae), the Ephemerida and she PIecop- 
tera. In  the Embiidaptera they are two-segmented. Those composed 

t, and th d as non-segmente 
~ptera (I oniidae, Phasmid 
lonatx, ar I. In the Demap 

strongly curved to farm the "pinchers." The cerci in the odd Mayfly 
genus ProsoQistuma are retractile. 
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In some Thysanura (Machilis, Lepisma ef al)  and in the nymph! 
of the Ephernerida, besides the lateral pair of cerci there is a mediar 
appendage called the wtediam catddad filament or the alacercus. It is 
quite similar to the many-jointed cerci but is thought to have a different 
origin in that it is considered a prolongation of the tergurn of the last 
abdominal segment. 

Locomotor Appendages of the Abdonzeta 
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The so-called "false-feet" of caterpillars, sawfly larvae, and sctrr. 
pion-fly Iarvae are usual1 legs. Objection 
raised to the use of this r thors who mainta 
proleg should be an appenoagc o r  rnc prothotax. Accordingly, auLr 

ather terms as w o p o d ,  l n m p o d  and propleg have been suggested a: 
substitutes. The prolegs are non-articulating appendages of most Q! 

the abdominal segments. They are used in locomotion and for fixation 
Jn shape, the grc cylindrical or  conical and in t h ~  
Lepidopterzr are ts tries of hooks or crochets. Embry 
ologists have shown mar me evanescent abdominal appendages of thl 
embryo are retained and transformed into functional prolegs in those 
species in which prolegs are present and that the embryonic appendages 
disappear in those species without prolegs. 

In the Tenthredinidae and Mecoptera the crochets are absent but 
in Lepidoptera they are important structures in the classification of 
caterpillars. The arrangement, size, and shape are quite varied. They 
are said to be absent in . and the European genus Hepialtcs. 
They are ordinarily arrar 1 complete or incomplete circle, in 
transverse bands or in the E an  ellipse and may be of the same 
length or regularly graded in length (.tmiordinal), alternately i 
of two lengths (biwdinal) or of three lengths (triordinal). W e 
are present one or more rows of smaI1, rudimentary crachl e 
bases of the functional hooks, the arrangement is known as mumsenaa'. 
Sn some cases there is a longitudinal band of crochets on the inner 
side of the proleg and a weaker band of scattered hooks on the outer 
side. This sort of an arranpement is called a pseudoci~.cie. The ape7 
of the proleg is called the ~lanta is attached a muscTt 
which when contracted ma : to be completely retracted 

The location and numbers ot pairs of prolegs is quite variable 
Most of the Lepidoptera have five pairs on the third, fourth, fifth, an1 
sixth segments and a terminal pair on the posterior segment. Imm 
calls the first four pairs "abdominal feet" and the last pair "claspers.' 
All serve more or less as . Caterpillars as a ruIe never hav, 
prolegs on the first, second I, and eighth se-gments and they ma; 
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sometimes be absent on other segments thus having few five 
pairs. The early instars of many Noctuidae have only three pairs or 

lry proIegs on thr 
1 molt the proleg 
subfamily Plusin 

, prolegs of the third and fourth segments are perman- 
Ither noctuids (Ca.tacala, et. all have enlv four pairs of 
e family Geometridae proIegs are present only on the 

slxtn ano tenul segments. Other geometers may have prolegs on ' 

fifth segment as weII. CaterpiIIa I five pairs of pro1 
usually have the "looping" habi The anterior par1 
the hody i s  fixed with the fhoraclc. allu LIIC y i ~ l e g ~  are drawn 

causing the hody to become strongly arched, or Iooped, a 
the thoracic legs are released and pushed forward to becc 

ed again during which time the prolegs remain firmly attad ..--.. 
The caterpillars of the genus Microptmyx are exception 
eight pairs of prolegs while certain leaf-mining Lzpidopter 
footless and are called "slug caterpillars." Examples of t f ~ s  cvuur 

aera EPiocraina, Playllocnis~& and Limlmcodes. In some 
a1 prolegs are extremely elongated and are retractile. 

- ..-, are satu to be used as organs of defense against parasitic insects 
attempting to oviposit on the caterpilIars 
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The larvae of sa~dies  (Tenthtedi ITY some 
"false-caterpillars."' They are usually d~stmg-ursned from true ca 
pillars ng more than fivc . The nt 
in the subfamifics. The olegs on 
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S ; serving as abdominal fel iund in a of 
other groups of insects. Certain cafeopteraus larvae have a parr of 
well-developed prolegs on the anal segment. In certain Elateridae they 
are more or less retractile. In the beetle family Oedemcridae certain 
genera (Asclwa and Nacerdes) have on some of the anterior abdom:--1 
segme d o u t p  g setae T 
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ared with chitinor~s 11ooks. These outgrowths are known as psezdapods. 
Some species bear pseudopods on the abdomen whereas others have 
them on both the thorax and abdomen. In Dixa two pairs are located 
on the first and second abdominal segments. In Dicranota five pairs are 
formed on the last five segments. In the rat-tailed maggot, Eristalis, 
seven pairs are located on the first and third thoracic and the first f i ~  
abdominal segments. 
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In  many larvae app occur variousIy disposed 
abdomen, whose function i fully understood. In the 
Lompyris and certain Caraoiuae there is a terminal, cylindrical tubs 
which may possibly be used in locomotion. Tiger-beetle larvae (Ciun- 
delidae) have on the back of the abdomen two tubercles with strong 
hooks which are said to  aid in king the larva firmly in its burrow whw 
struggling with its prey. rambycid larvae have protuberance 
on both the dorsal and surfaces which aid in progresslo4 
Among the Sphingidae mu certain Bombycidae a stronp. chitinot 
spine found on the dorsum (32 the last abdominal 
serves as an organ of defense. 
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Ventral suckers found in the Blepheroceridat lucar=u rrm 

median rorv on the ventral abdominal segment. They ate 
usually six in number, and are thought to have heen develc 
the embqonic abdominal appendages, representing a fusion 01 rner 

es. On the sides I suckers are digitate processes which 
en considered by : (1907) to function as gills. The 
themselves serve E larvae to stones in swiftly running 

water. In the Sirnulidae a foot-like sucker on the ventral side of the 
thorax is formed by the fusion of a pair of pseudopods and is provided 
with hooklets for fixation. The larvae of Trichoptera have two terminal 
hooks which serve to hold them in their cases and while walking. 
Gyrinidat have f o t ~ r  chitinous terminal hoolcs. 

Extm~aT Respiratory Sfrtsrt~res of Nymphs and L a m e  

Adult insects as a rule respire only by means of spiracles. Among 
immature insects also, normal spiracular respiration is common but 
many remarkable modifications are found among nymphs and larvae. 
In general there are four means by which insects breathe, (1) norm 
spiracles, (2) tracheal gills which are either external or intern 
(anal), (3) blood giils, and (4) cuticniar respd~afian, usually callc 
cutaneous respiration, in which oxygen passes through thinly col 
structed parts of the body wall. The greatest modifications of tl 
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normal condition are found in aquatic forms which present some inter- 
esting observations in regard to the methods of respiration. 

Modifications of the common spiracles occur principal ia- 
tjons in the number and Iacation of functional spiracles. Unen one or 
more pairs of spiracles are functiona1 the method of respiration is the 
open or laotop~eetcstic method of respiration and when closer1 is the 
apne~s t i c .  If all spiracles are functional the system is pw'pneetstic; 
if only the last pair, it is wxetaplaeusric; and if both the f i ~  ast 
pair is used the system is mnzphipneustic. These types occu re- 
quently among the Diptera. 

From the standpoint of apneustic respiration the imm: :es 
of aquatic insects present many interesting types. Chief a 2se 
are tracheal gills which are outgrowths of the body wall forrlllAs ar=Lial 
appendages of the body for obtaining oxygen from the water. Tracheal 
glfs may be extenial or internal but are more often external. They 
are penetrated by branches of the main tracheae from which finer 
tracheoles rami~ parts of the gills ~ r m  and of 
tracheal gills va lerably. External gills ma ler 
f ; I a m e ~ t o ~ s  or 1 m (plate-like). F us gills c ler . - 

I or in gr ley may be found on she head in sa 'P- 
I each sir : ahdomen, on the dorsal and vent1 of 
p e n t ,  o. ~y occur in groups as in the Trichol LeY 

occur singly on me slues in Sinlis or singly on the ventor as in ~ r s y r ~ .  
Gills may appear to be segmented appenda rnawido i ire 
dorsal and articulated. Certain ~ l l s  may t d with se ire 
said to be pIurnose. These are usually rnutr: rlg~u in strttc~urc. such 
types are fount1 eetle lamae G y r i ~ u s  and Nydroplzilrts. Otl~cr 
groups may hat! 11 gills on both the thorax and ahdamen as in 
Rlzyacophilidae / I ncnnptera), on each side of the anus (Per ln ) ,  at 
the base of the maxillae (Chirofonetes) , or at the base I :gs 
(ATephelopferyx). Plate or lamellifom gills may be plate-1 3 f -  

like (folirrceozss). Like other gills the form and Iocation 1s v a ~ m ~ l e .  

The mt tiform gills are those found on the end of the 
abdomt: ~ymphs, or those on the sides of the abdomen 
in May-ny nyrn,-.-, -- 511s are external and visible they are termed 
nzdihrawchs. If they are hidden or part1 led, they ig- 
nated as cryptabrn~chs. An example of or partl) led 
giIIs occur in the Ephemerid genus Prosol n which .hs 
of the body wall form a sort of carapace which conceals thf la1 
gills. 

I ni ~cheaf gills occur most commonly in the r ies 
(Anisoyrrra) and the Agrimidae (Zygoptera) where they are IOU 
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in the rectum. In  Aesch~trm they consist of six papillae, in Libellula t hq  
are famed into transverse plates which are penetrated by tracheae. 
These gills function when water enters the rectum through a special 
valvular apparatus and bathes the gills, thus permitting an interchange 
of respiratory gases. According to Rosseau the larvae of certain Dip- 
tera, for example, C ~ l e x ,  Erisbalis and certain Psychadidae have rectaI 
gills as well as some May-fly nymphs, Baefis awd Cloeon. 

Blood gills are usuaIIy tubular appendages, very delicate arid cap- 
able of being evaginafed and filled with blood. As a rule they do not 
contain trachea or at most some unimportant branches. Blood gills 
occur commonly in the Gironomidae. An intermediate type between 
the fracheal and blood gills occurs in the Ephemerida in which blood 
and tracheae are found in the caudal appendages. 

The knowledge of the specific identity of a particular insect egg 
i s  frequently important, especially, if the species in question is a pest 
of economic importance. Such a knowledge enables one to predict the 
possibility of insect outbreaks. Many of our economic species are 
recognized in the egg stage by the economic entomologist. Other groups 
are known by specialists. Few attempts have been made to produce 
keys for the identification of insect eggs. Perhaps the most notable 
attempt of this sort is that of Scudder (1889) when he presented keys 
for the identification of butterfly eggs. A few other groups, especially 
aquatic, have been considered in key form. among which may be 
cited the key to eggs of Rydrophilidae by Richmond (1920). Mos- 
quito eggs have been keyed by Mitchell (1407) and others, and those 
of sand flies (Phlebotomus) by Howfett (1916). Heidrnann (1911) . 

. has considered, in some detail but without keys, the eggs of Herniptera. 
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No keys are available and tittle is known concerning the immature 
stages of the primitive insect orders Thysanura and Callembola. In 
those orders having a direct or gradual metamorphosis, of which the 

nphs or naiads, a namber of keys are available, 
insects. Keys to Holmetabolous forms are 
m y  are still untouched. It is the hope of the 

writer to publish soon a complete biblioj 
- 

E these works. H 
mention is made only of the most compl keys in each of 
principal orders. For a complete citation ( pers listed, the rea 
is referred to the Zoiilogical record of corresponrling date. 
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In the Orthoptera no American keys are available, but tne work 
of Criddlc (1926) includes go :s and useful del of 
grasshopper nymphs. May-flies ult to identify wh m e .  
Trnportant keys to special A m e ~ ~ ~ a r l  groups are those of Needham 
(I%), CIemens (1915 and 1915$, Murphy (1922), 1% 301, 
Needham and Needham (I%?), Ide ( 1930), and McDonnt 32). 

Many keys to Odmata have been published; the nlore comprehen- 
sive and recent are those of Garman (1917 and 1927$, 3 and 
Needham (5927), Kowe (1918, 1922, and 1925), Needha lay- 
wood (1929). Txf-.fl--- has published separate keys to rna~lr ~c l lc la .  

The Plec~ E worked. Frison (1929) has 
worked up ke 1 there is to be published soon 
a comprehensive work uy Llaassen wnich will appear as a Thomas 
Say Memoir of the Entomological Society of America. P and 
Needham (1927) have produced keys ta genera. 

No American keys to Thysanoptera are available but rnesner 
(1926) has a key to those of Malayian forms. Hemipter; rked . 
in many aquatic grottps. The only terrestrial species wt are 
the Pentatornoidea (Hart, 1919). 

Neuroptera are better known in the aquatic sp mith 
(1922) has given us a key to Chrysopidae. Cc tsive 
keys to families of CoJeoptera are those of MacGillivray (1903) 
and Rper-Roberts (1930). An important work on tl by 
Boving and Craighead is now in press. Space can not be r fist 
the many keys to individual families. 

In the Trichoptera import: s are those of Bc 011, 
Krafka (1915), Lloyd (1921), 1926), and Iwata the 
last citation being a key to Japariese bFcies. 

In the Lepidoptera, the most important and cornpre keys 
to the order of American species are those of Fracker and 
Forbes (1923). Many keys are available for families ana genera. 

In the order Diptesa are to be found many keys to lesser categories. 
The only comprehensive work is that of MaIloch (1917), which treats 
of the order exclusive of Pupipara. A number of works on aquatic 
species are known and a few terrestrial families have been keyed. 

Immature s t a ~ e s  of the Hymenoptera are notably untouched; 
except for the works of Yuasa (19n), Bird (I927), and Middleton 
(1922) and a few earlier workers on the Tenthredinoidea, f er is 
practically untouched. 
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Although there is less need for diagriostic keys to pupae than to 
larvae, at times they are helpful. Only a few moups have been so 
worked. Except for Mosher's (1916) key to the pupae of Lepidoptera, 
no other work deals with the entire order. Other papers hy RIosher on 
lepidopterous pupae were published in 1914, 1917, and 1918. Other 
keys tq Lepidoptera are Heinrich (1919) on European Corn Borer 
allies, Hutchings (1924) on Cossidae, Packard (1905) on Cerato- 
campidae, Hart (1896) on Fyralidae, and Forbes f 1910 and 1923). 

The kejrs to coleopterous pupae are practically negligible. Satterth- 
waite has recently published (1931) a key to the genus Calendsa. More 
are available for Diptera, especially the works of Green (1921 and 
19.25) on Pupipara and the numerous small keys to Calicidae. As far 
as the writer is aware, no keys to pupal Hymenoptera are known. 
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