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The phylogeny and the interrelationships of the msect osders always
remain & makter of great anterest to the g:n:m] Enmﬂu_u;i:t. The number af
papers that have been published on this subject s very lasge. Very unfortun-
ately, bowever, most of these papers are too beief, containing oaly & few facts
fo support the views which the auther has adopted, or they deal only with one
order ar 4 group of more or fess interrelated orders. The purpose of this paper
15 to offer o general account of the origin of the inseds and the known relaton-
ships between the inssct orders, gpiving as many fats s possible to show these
mderredationships.

As might be expected, current interpretations of the phylogeny of, and
vannections between the insect orders are oot defintive, and many of our pre-
senl views may have to be |.'|1l|ngw|. in the future, a5 knowledge [progresses.
Althaugh this type of studies .l.|w.'.|.p: revenls many s ved Prﬂb]tlﬂﬁ. the larpe
amouwnt of dats accurmulated in the last few decades allows us to sperulate on
these matters, and in doing so, we may put some osder and understanding intoe
these chaotic accumulatrons of facts, This may explain, perhaps, the large num-
ber of papers on this subject, and will always justify further additions.

Since this i not o detailed revision of all the kneown views available
in the literature, | have adopted those which the facts best secm to support.
However, in those cases in which the data can be equally interpreted in dif-
ferent ways, the varipns interpretations are dascuased.
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THE ORIGIN OF THE INSECTS®

The insocts arose about 350 million peats ago, probably in the lower
Devonian or earlier. Our knowledge of the morphology of arthropods ssems
to indicate that the closcst relatives of insects are the myriapods, of which the
Symphyla have the greater number of characters in common with the primitive
insccts, This docs not mean that the insects arose directly from the Symphyla
or ather myriapod classes, but rather that the insects and myriapods were derived
from a comman stock or from myriapod-like arthropeds. It &5 also possible that
msects ariginated by necteny from myriapod-like arthropeds, at least there are
same evidences for this, Evalubon b-]. neoteny 15 Prnhlhl].' much mare comman
in the animal I:in,g;dum than most biﬂil‘:l,ﬁ:':t: have :|u|:||:lnm¢d. Thers are Fen main
types of neoteny, one in which the rate of development of the body remains
more of less constant but the reproductive system is accelerated, and the other
in which the rate of development of the body o retasded but there 15 no ace
ceferation of the rate of development of the reproductive organs. The first
type of necateny leads to specialization, osually cesulting in a simphfication often
assaciated with parasitism, and = of little importance for phylogeny. This hap-
pens, as pE Beer (1) has pointed out, because "if the reproductive system is
accelersted, the strocture of the body will be less fully developed when the
animal is sexually marure than was the body of the ancestor, On the ather hand,
if there is no acceleration of the rate of development of the seproductive system,
but only a slower rate of succession of ontopenetic stages of the body, the luter
will be no less ‘well made’ for retaining the larval plan,” We know that evolu-
tient by neoteny probably took place inoa number of cases, (M these we can
mentien the chordates from the echinoderms, and the appendiculasians fram
the ascidians, It s posible that even man evolved neotenically from former
anthropaid-like primates {for defails see pE Beer, 1), Neotenwo evolebion may
explain the lack of the so-called missing links in some cases, and affords a
means of emancipation from the restraints of extreme specialization.

¥ The exclusdon of most of the Apderypota orders from the Insecia by somne auchors
dows met seemy bo be wll justified; this controwersy shall be disoossed a1 some lengeh
later o In the mesmeme, all the onders =f the Apferypoim are regarded here =2
belonging 1o the cliss lesecea,
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The evidence that the imeects ray have evalved fram mFiapudrUhu
arthrapods by neoteny, is based on the fact that the first instar of many my-
rapids, such as Sreswgplosoma and Inder in the Diplopoda, show o great num-
ber of similarities with the insects, namely, a head of s wnited segments, a
tharax rmp-clml of three segments, cach with a pair of legs, and an abdamen
of shout five segments without appendages, or with only very vestigial legs.
It o farm like this becomes neatenic, undergoing a retardation in the develop-
eent of the legs behind the first these pairs,® and the larval oumber of body
segrcnis retaned ante the adult stage, it would be very insect-like and could
give risc to the Aplerygota. It is interesting to point out that smong the Ap-
terypoty, there are many .1|.1|:|.'ie:= which have J:F‘-Ukr J.chmla.g:-.s on the ahdo-
minal segments. Furthermare, there is & large groop, the Collembola, in which
the abdomen is composed of six segments only,

Evidence that the myriapods are most closely related to the ancestors of
ihe nsects is madicated by the smilarity of several characters found in common
in the myrispeds and dnsects, These characters are the following:

b Absence of fhe Jorsal muscle (levasory of the prefarsus in all myeiapods and
Ensecis,

Ip With one pair of antemnae. Moscover, anlennae composed of @ varsable sumber
of true sgments each being supplied by one ar more muscles, is 4 commaa
featue: b all the momiapsds and s some  peimitive insects {Déplura amd Cal-
lembaoka ).

%)% Revemtbon of ar least rwo wegmental cegans in the head, sometimes onky partially
retuined, is commeon in osome enyeiapods and prisitive imsects, in which they funce
tivn ax =alivary amd nepheocytic orgads,

4)  The problematic organ of Thmiésvary (postastennad organd 8 cwmenon e Diplo-
s, Symphela and Collembaola.

b Ewersible s at the hases of the appendages are commess b0 sl Symphyl, some
Deplopoda, Paurepech, Diplura, and several lepismid geners,

&) The simdlariey of the Malpighian and tacheal fubes in botls grougs,

71 The similarity o stricture and development of the heart and acaes Sepmeadzl
hleend] wessels ocour in Diplopoda, Chilopoda, and even in the orthopeernicd insects.

#] A massive fat body in tke haemoccele iz common s both growsps,

%] Eidysm gakes place through o trensverse split wf the hend border of the head in
eprtapids, Proturs and Codlemhbola.

As has been alrcady mentioned, among the myrizpods, the Symphyla
scem the closest to the incedts, especially to the primiteve forms, This is sy
pested h_!,' the :Fpl]nwjng characters, common b Eymph:,la and insects:

1) A Yshipid epicrancal sslire of eodysaal sstuse i3 conman B0 suey Sywiphyla
and ipsects, However, i should ke pointed oul, kat siece the arms of the epiora-
pial subure vary an dhe aifferen genups of enseols, beng merely e lines aleai

*  According to Byoichi Matsuda, in e personzl commumication, shdomansl legs are moee
conspicucus in embeyos of imsects, for which reeson boss of abdomioal legs cannot
be derived by meoteny,
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which the cubkle splits o molting, and since other smures have been condiesed
with it, its msarphobogical walue is not as great as was once thouoghe.

2] The stroctare of the posieamdibuler appendages of the head = essentially the =ume
in Symphyla and Insecta. The fimt postmandibular appendages are paired maxillae,
rath it eomposed of siper ond cando, the sEpe having @ peic of apial lobes,
e galea and lacinia. This type of maxills = fousd caly in Symphyls and Insecka,
The | posteundibular appendages are united, forming a2 labium

i1 A distioctly thees-lobed bypophasyns, consisting of & median lingm &nd & paie
of anterolateral superlenguas, s feund in the Symphyla and some prisnitive insects,
sach ax Diph.il‘l:l. Collembila, Michilidae, and the Rareae of Ephmm-pgm |:g|,'.
varding 10 Grorge Brers, in 4 personzl sommunication, some cranefly larvae have
sl a three-lobed hypopharynx).

4} The head spodemes of the Symphyla wre, according o SMopGAASs {39), “sug-
gestive of the amedior arms of the tentoriom of Thysanesa and plerpgobe insects,
imasmuch & they give aitachment o the same muscles thar gre abtached o the
ipmect bendoriom.'

%1 An abdomen with syles and sversible w3 common feature of the Symphyla
arc] Dhplara,

a1 The termiml cersi of Symphyla seem b0 coerspond bo those of inseces, Further-
more, the ceecs of some Symphyla | Seafopevdvellsy and Diplura [ Awajiapyn) are
provided with swmibis dpeoning  glands,

Th A premandibular segeentsl organ B evident in the loie embryvo of Symplyla,
and in some species B survives in the adult. Evidence of the premandibular ongan
in the insivty was first found en the orthopteran embeyos end wis called “euh.
cesnplageal hody,” It is also found in Plaocgier, Topden, Malloptogs, Caoleop-
tera amd Lepidopreera,

#} The peculiar ‘docsel oigas’ of the embryo of Svenphyla is also found in Cod
lombala and Cowpodes and even in higher insects [see Josmanneer and Burr, 20},

2} Emhrologically, Tees, 37, 38) Bag shown that the Symplyla have fouriesn trunk
SEEEALS, 4% im Enseoots.

10y Te thew we may add that, according i ManTon (233, “the full mnge of in
seoizn gaits (ie, eelstive durmtion of forwasd and  hackward strokes and phasz
differences between suwccesiive legs) i seen in the Sywphyla, but not i the
adult of any other group of myrigpods.”

The theocy that the Symiphyla stand closest to the snoestor of the insects
is fairly well supported by the above data. Apparently, however, it presents a
few weaknesses. According o Swoncrass (339, those who believe in the Sym-
phyla as the ancestral relatives of the insects "give too little attention o the
ljiEEtL'FHUI::.' in the mandibular struchure,” In -;pjl:r_- of this Tiecs: and Mampos
(39] made the following statzment, “the mandibles, though sepmented, could
be the forcrunner of the thysanuroid mandible.” Another major objection is
the proponeste comdition af the Symphyla, that is to say. the reproductive or
gans of these myriapads open upon the third somite behind the head. To this,
Tieas and Manton (393 replied: "A suppestion that comes fo mind &t
some myriapods have found it expedicnt to ovolve a new genital opening (onc
might point, for analogy, to the accessory mal: genitalia in Odonata) when the
terminal segments became invelved in anamorphosis and many Dviplopada gven
show sexual precocity.”

Coming back agsin fo the idea of evolution by neoteny, it shoold be
recalled that insscts could not have been derived from adult Symphyla, for the
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structure of the latter s too specalized. In the same way, nooteny could not
have owurred with the type of development which the Symphyla have af the
present time, and give origin to the insects, This is due o the fact that the
young in Eymph_:,ll; hatch with six or seven ppi:rs of I.-:gs. Therefore, if we
atmnme that the imsects nrl.g.in:l:rﬂ from the m'!.'n:l:nds b]. neateny, amd at the
same Bime belicve in the Symphyla as the ancestral relabves of the insects, we
st have 4o presume that the present deselopment of the Spmplyla & secon-
dary, and that formerly the young hatched with three pairs of legs, just a1 is
the case with Diplopoda and Pauropods, Attention is called to the facr that
the first moult of the hexapod larva of Diplopoda gives origin to a young
with wsually seven pairs of legs, which waould correspond to the present stape
of the young in Symphbyla. This may suggest, pechaps, that the Symphyla have
repressed the first stages only.

In summary, our present knowledge seems to indicate that the myriapods,
especially the Symphyla, stand closest to the ancestors of the insects, Further-
more, the peculiar hexapod larvae of many myrispods may also sugpest that
the Insects could have ornginated by neateny From myrispod-like arthropods.

MAJOR TRENDS IN THE EVOLUTIOM OF INSECTS

Three main radestions seem to have taken place during the evalution of
the insects. The second and therd of these radistions were typically explosive
evolution. In imsecls the first radiation is represented by the Apterygota, found
fram the Devonian to the Recemt. This was the first step in the evolution of
insects and therefore the one that had and still preserves the most primitive
charscters shared only with the mymapods, The serand step in the evolution
of insects was represented by the Paleoptera, presumably the firs insects which
acquired  wings, but could not flex them en the back of the abdomen. This
group is represented in the geolopical strata of the lower Pennsylvanian to
Reoent. The acquasition of wings made them a dominant and successful groap.
The Paleopiera seem 0 have undergoone an explosive evolution which some.
what paralleled the Neoptera, Thus we find fosms which were similar o Hemsp.
tera [Protohemiptera® ), others were like the Hymenoptera {Protohymenopera ),
and still cther forms acquired mdependently the capacity to flex the wings
[ Megasecoptera), etc, The Paleoptera were very abundant during the Pennsyl-
vanian, much more 3o than the Neoptera of that tme; but after the Permian
they diminished in number, displaced by the better adapted MNeoptera and to-
day this primitive group is cepresented only by two orders, the Ephemeropeera
and Odonate, The third and last radiation of insects was the Neaptera, presu.
mably derived from the Paleoptera, They were characterized by the capacity to
flex the wings. This charscteristic was obviously more advantageous than the
nability fo fold them, It permitted the inseq ¢0 oocupy mose ccological niches

* Por o general discussion of the extinct onders see CaRPENTER (2).
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which otherwize could pot be owupied since paleopterord wings were a hin-
drance for the mseets in places such as water, underground, brushy arcas, o
The Neoptera are found in the geological strata from the lower Pennsylvanian
te Recent, and have radisted into the numerous phyletic lines of our modern
insecl

THE APTERYGOTA
It i5 the contention of some anthors that the enbognathous groups (Col-

lembola, Protura, Diplura) sheuld br excluded from the nsects. This has been
based on the following unusual features found in these groups:

Unusnal FEATURES oF ProTunas

1)
1]

il
4]

)
fi

Lack of mnbenmac.

The mandible is articulated o the cramium by o slender rod, s im Chilopoda,
It should be pointed out, bowever, that Ehis rod was not observed by TiuxER (44}
He adds fusther thar “perbaps it i= the fanlike ligament taking chis axpect in
ceftasn Virwe

The shdomen 1 |.'l|'|.|'|'||.'l|:h'.|.'-|| i rwelie wIEEnEL, One sgEenl we many,

The gonopores of bath sexes are fomml on the eloventh allomanal segmen. b
should be recalbed that im all dnsects, excepting Profura, Collemboda, and Dphe-
meroptera, ke ponopores e foond on e eightls for che female asd oo the
ninthy for ike mmle, altheogh some femals kave the gonopores open on the
aith &lse. The gonopore on both sexes of Proture iz sorroundsd by small ex-
terral genitalia of an unasual form, comparable to that of oo other groap,
The Malpighion tubes are represested by six papillae

The inmeture imstars have & wyiapodlike development. They develup by anzmar-
phosis, that §s, when they hatch they have nine abdominal sements, the other
sepmments are added dusing the postemberyonic growth, which involves five Hhasval
LIETH

UNUSUAL FEATURES OF COLLIMBRLA

1}
z})

1)
1]

i)
]

T

2}

mn

Flagellar enuscles in the znbennae.

The mendible is alse articulated bo tBe cranium by a sbender rod, a5 in Chillopoda.
However, aroording tn Tuxes (430, this is oo 2 meal el but a ligament and
therefore oot homaologoes with the mod of Chilopads

The abdomwn is compesed of only six segments.

The goncparcs of both sewes are fousd on the posterioe margim of the fifth ab-
damengl  segment

Malpighion tubes lacking,

Just behiml dhe anteande of some Collembola {most Poduroides and some Enis-
mobepaidea ) thise 1w a peculiar structure known as the postantennal argas, pos-
sibly a sénscey cegam homologous b0 the organ of Tombeary in DRplopmls and
Symphyla.

Gomads with a lsteral permarium; that is, unlike other insecrs the gemmariam of
the ovaries and festes s laieral amd pod spical in posicoe

The epg i= holoblaibe, s an Symphyls and some diplopods. that = a teal
clavage ks plice i the embeyonic development, instead of the vsual mero-
blastic end comteodecitbal cleavages.

Lack of embryonic membsanes. thet is the ege dors not develop @n anshica end
scrogl, 4§ in the myrispods.
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UmwsuaLl FEaTURES oF DNiPLURA

1} Flagellar muscles i the anteswc,

2) EHepmental ovaricles I8 some specs.

3} Lack of embrpons meshranes.

4)  The Malpeghian tubes are represtoeed im some species by small papillae

It should be pointed out, however, that the entognathous groups stand
at least near the base of the phylogenctic tree of the more typical insects (Fig.
1}, This would explain such unusual primitive features as the antennse with
the flagellar segments provided with muscles; the presence of the postastennal
organ; the mandible articulated to the craniom by 4 slender pod; the shdomen
composed of twelve sepments, which agrees with the primitive number found
in embryonic  insects; malpighian tubes represented by papillas;  anamare
phosis; segmental ovarioles; total egg-cleavage; and even perhaps the lack af
embryonic membranes, although this could be a secondary featurs, a3 is the
case of some ants in which the amnpion is wholly lacking and the serosa is
ruclimentary, nprgs.n:-ﬂl;:d by anly a few cells, The other unusuzl characters are
INere 5p|:{i|[i:ntiws. Thius, the obsence of antennae 1 Probura s ]:.I'ﬂhihh-' a
mnmdi.r:,l feature; after all, these argans are reduced o minube |:t.'|.|:li]|.d.{' in many
insert larvae. According to Tuxex (42), the psewdoculi ase remnants of the
antennse, o conclusion seached after investigating thedir structure, innervation and
musculature. On the other hand, the entognathous groups have also typical
insectan features. Their mouth-parts are insectan in character; their differentiat-
ed thorax and thres l!d.'il."‘j of Ir,:g: are alw insectan f{.:.‘h.l:res, as well as the reduoc
tion of the abdominal nppznﬂlgu. Ta this we may add their antogeny, which
15 i E\'I:I'I.EIII. mseckan 1n chamcter,

Those who believe that the enfognathous groups shauld ke excluded
from the insecs assume that the Aplerygota are a polyphyletic assemblage of
arthropods. However, it should be pointed out that the entognathous apterygotes
[ [dplura, Protura, Collembela) appear to be relared, as will be shown Later on,
e each other, Therefore, if polyphyly has in fact occurred in the Aptervgota
we should n'gm'ﬂ the Insecta as a |:'Ii'|'.-]1.].'|et||' Eroup. That this 55 i.n,'h.u.|]r the
ade we are npot sure, but even of broe, this would oot coanstitute 2 :ntufa.-:tnr:,'
peasan [or eestricting the definition of the cliss Insecta so as to exclude them,
It has been argoed that all the animals within a given group should have had
& rommon onigin, that is to sy, to be monophyletic. However, we should
remember that classification s, after all, a practicel problem, and the idea that
a graup must be derived from 2 sogle species of o preceding group, cannot be
always met in practice. Te begin with, knowledge &5 far from complete and
monophyly certainly cannol be demonstrated in any case. Furthermaore, iof theoret-
ical rnn.|1.-|;r|;|-l1}'|f 15 toa 5I:r|ctl:,l demanded, this iy p:i'n: a% a result a classifica-
tion in which the greups (with different pames) cannet be distinguished mor-
phologically. For this rexson, Sivpson (32) has sugpested that 2 group, what-
ever its rank, should be compesed of related animals that can be defined by
marphological and related data, and have originated from a group of animals
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of lower rank than itself. That is to say, if the group in question corresponds
ta a class, it should have originated from a wnified grovp smaller tham a class,
i e a superfarnily, family, genus, ete. In closing this discuesssen, one should
remernber that the class Mamemabia s regarded by most paleontologsts and mam-
malogists a5 & polyphyletic group, and yef, most agree that is should be kept
of o clags

It is obvious that the present aperygotes are too specialized to he direct
descendants from  existing myriapod-lske arthropads. There have been several
attempts to show whech order 5 the mast primative, Acording to CRAMPTOR
(3}, the Macbhili-like Apterygoda are mnrphnlugiull}- the mast Frinl:itivzl but
according to Ewime (U1, the Produra and Collemboela “are ta be regarded as
groups of very ancient arigin.” On the other hand, Imwus (18), mgards Diplurs
a5 the closest relatives of the Symphyla. This diversity of opinions shows very
clearly how the primitive characters together with the specialized ones, are div-
erscly distributed among these orders, In ather words, the machiloid and the
entognathous apterygotes should be wonsidered 25 a whale as the most primitive
insects, or closest to the ancestral group, Therefore, of the insscts have any
connectien with the myrapods, this connection is ool to be found in 2oy ene
of the apterygote orders but rather in all these groups.

The Diplura, Protura, and Collembola seem to be pedated 0 sach other,
as supgested by Swoncrass (35) and Tuxew (43). That these theee osders
are related is indicated by the following characters:

1) The mandibés and maxillae sre enchoal ia powches of the bead wall, This oa
dicion &5 called entopneithy; it comes aboni thesagh the fommtion of fwo folds
{plicae oeslesp, ore on emch side of the besd, unsiing ar or below the sides of
the labium. Esiogeathy i Found in oo aotker arhroped group.

2h The struchere of ke moutheparts similar, o shown by Toxess (43). Thus “ehe
mandihles of the Dip:lu:- and Collambali are mother closely wlik= both s them-
selves and as regards thewr muscles, whesess the mandibles of Probera have 3
different muscalature, sre oot hallow, &nd Bave a0 wwth, The mandibles of
Fredusa are piercing organs necessitmting especially swomg peobeacting and retrace-
ing moversents; and this, in connection with the profably seroadary fact thas they
are not hodlow, oy sccount for the differemce. .. The general plan of the maxills
in the thres groups @ very mach alike; epedally the shape end position of s
carde are identical .. In all thees growps the lacinia carties an arm or plateliks
process te which one o more muscles are atachal, running 1o the stipes. 10 the
kind wall of the head. or to both. And én ell tlwer groups powerful muscles
oot the stipes and the distal part of the cardo, a8 it seees 10 the fubcrum”

3)  Myrigpod rype antencae, that i, composed of tnee sepments, cach with one ar
moee  mascles.

4)  The endoskeletel hesd serucuee 8 supedfically very similar to the simple my-
rigpodan fentorial amme According to SNODGRASS {33}, however, this temiorium
diws mot coerespond do thar of myrapods, Thysenues, and Plerpots, but mather
i the postomal sternal brachia of Crostacea. Podsow (12} end Hamses {15)
kawg shown that the supposed anterior tencorial wnms of by entagnathoss apleres
gotes ave superficisl sclerodizations of the sternal wall of the Besd, ssiber than
tris apodemes as im the Symphyls and other myrigpods. In Dipluss ke anteria:
parts of these hrachis wre coneected anside the bead by a ligementous  bedge
which scems to ooorespond to thet of Chlopada. In Collembaola this ligemestous
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bridge s clabocated into 8 complicated framework, which according to Seonocasss
135) Bus ol beem demonstrated @0 be a cuticelar structure and i3 similar o the
endoatemmam of Asacknida, 1a Preduga the antessor parts af the brachia are undted,
ind oo lipamentous Bridge = fourd, It has alse aetenor oomnictions wikh  dhe
cranium which may be secondary apodemal processes.

%y The maxillae are articoleted with the posterior pars of He esdoskeleral sl
structure. The, acconding to Hasmses (130, 45 & fonther proof tkat the wpe
of dentonium s not homologous with that of other amhropods becawse “in o
cther arthropod are the maxille: articalated to any internel part of a testenum.”

i) Trae tarsomeres lacking.

Therefare, the Dhplera, Proturz, and Collembola, seem to have evolved
at first i the same derechion, but then they followed different lines (Fig, 1.
It appears, then, that these theee groups are better represented mo 2 phylogenstic
tree s on the same plane or lovel after splittiog up from 2 common Branch,
The Praturs and Collembola are more speoialized in many ways than the Dii-
plura, altbough they retain several primitive charscens oot found i Diplura,
The Driplura is the most insect-like of the three and perhaps the least special-
ized,

The remumning groups of Apterygots are the lepismatids and machilids,
which are wsally regarded as forming the order Thysanora. However, they are
separated here in two osders of phyletic lines, a5 has already been done by
Crampron (8), HEMmmG (143 and Ross (299, There 15 no doubt tat these
two groups afe similar in their general appearancce, but on the other hand,
they differ stracturally on several mmportant features. These differencs ars

sumanarized in table 1.

TABLE 1
Differences batween Lepirmainds and Mackilds

Machilidae Lepismuatidae

Tenkoriem very primitive, the anberiar frm- Tentorim  approaches  the  orthogienoid
torial arms similar to the heed apode- tvpe in that the enferior arms are m-
mes of the myriapods wally confloent im a large central plate

Mandshles with & siagle artsculition Mandihlea are doubly artioulated

The machilid jaw is the most primidve The mesculatore of the mandible @ -
mandible foand among the insects; they milar to ikat of all plerygoie mmsects in
are almost ¢rustacean in mamsculatore which the ventral adducbors are refain-

ol

The hypopharyns 15 a theee-lobed stroct- The hypopharyos has attained the Jdevels

ure. as in the Dkplura and Semphyla apment typical of the kroer pierpgobes

The muchilids and lepismatids are in fact so different in fundamental
features that each has been given ordinal or subordinal rank since the beginning
of this century. The aldest names given to the machilids are &5 follows;
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Machiloidea by Handliesch, 1903 » a5 an onder
Microcoryphin by Verhoeff, 1904 (April 22) - as an onder
Archacognatha by Biener, 1904 (May 3) - as 2 suborder

Sioce Machiloidea has been wed as 2 supecfamily pame (Resimeron,
27), Microcoryphia seems the proper name to wse for the order. The old name
Thysanura should be retained for the kepismatids.

Although the Microcoryphia show no specialization of the mouth-parts
like the entognathons apterygates, they are o liftle higher in relative advance-
ment, a5 indwated by the following characters:

1] Development wotho aey of the pamieive featores of the enognathous  apterys
gotes, namely withow! amameephosts, withour total cleavage, without doral organs
in the developing egg; and with embovonic membrames.

'} Flagellar sepments not masculated.

1) Temtorium with anterior. posterior, and domsal amn=. comparsble to those of |epis-
matids amd prerygotes, Howerer, it iz pob fesed ipte 2 Baege cental plate, It
should ke poimied oot that the anterior arms of the tentorium in mechehids aml
leplsmatids have 2 wventral posdizon on the bead,

4)  Genitalia comparable w0 thae of ot plervpales,

3y Tree tarsomerss present,

ﬁlﬂlﬂuﬁh the Hi:m{ul}']ahip stannd a lietle higl'p:r in the trunk of the
t'u"lle.-l.I.I!iBu'I.d.I'!.l Leee, I:|:|=g,' are not too far from the ﬂl.h:lgmﬂm': apteTygates, as
is shown by the few smilanties with the Diplura, namely a three-lobed hypo-
pharpne, cerci, stph, and eversible sacs, On the bass of these resemblances the
Diplura have been placed among the Thysanura but this arrangement does not
fut the information discussed above,

Of all the apterygotes, the Thysanuwez (5 str.) stand highest in the
evidutionary teee, and therefore closest to the plerygote inscots, That they are
less primitive than the Microcoryphia has been shown already in Table 1.

In summary, the Apterypoti are composed of five main groups of in-
sects; Driplura, Protura, Collembola, Microcoryphia, and Thysaoura, The [
three show a few features in commaon which may indwate certain intecrelation-
ships amang them, Althoogh the Daplura, Protura and Collembola are groups
of very ancient origin, they should be regarded as mseas judging by the many
characteristics which they share with other aplerygotes and with the more
generalized plerygotes. The Microcoryphia and Thysanura are more insect-like,
but they still retain primitive featores and should be repardsd as ancestral groups;
they have styli on the thoracc legs; appendages on the abdominal segments;
labial kidoeys; a short germ band; an open ammiotic cavity; an amnowen develop-
ed by invagination; snd & medial frontal organ with double cells and o disk-
shaped structure, &5 in Crostaces, On the other bhand, as Magcrs (24) Tus
already indicated, they "sbso show charscters in common with the Pterygota:
|l'||:u.ut]'|.-|:m'|:; dizhinct parznota oo all segments; antenng divid=d into shaft and
flagellum and provided with Jobnston's argan; a typwal oomber and position
of the stigmata; and an orthopleroid oviposstes formed of the eighth and ninth
abdominal legs.”




INTERNATIONAL JOURNAL OF TROPICAL BIOLOGY AND CONSERVATION

745

FILLE: FHYLOGENY OF INSECT ORGERS 1013

THE PTERYGOTA

The first major explosive evolution of the nsedts began with the devel-
apment of wings, This ability to fly changed the direction of insect evolubion.
The actual derivation of the prerygotes from the apterygotes has been the sub-
ject of much wulﬂim.

There are three main theories as b0 the origin of the wings. All these
vicws agree in that the wings were developed from paranotal processes on the
meso-aned meta-thorax, This &5 based on the fact that many of the fossil insects
( Palacodictyoptera) show these processss on the prothorsx and sometimes on
the abdomen,

The classic view is that of MaRTyNov ef & (25), According to them
the paranotal cotensions tended do grow sdewards and were wsed a5 pliding
organs, Singe these processes bad a selective value they were enlarged further,
This happened only with the meso-and metathoracic extensions, probably by a
series of mustations figed b}' natural selecion, The next step was the m:l:]ui:il:mn of
a ling of flexibility at the base of cach process. In this way the wings origmat.
e These wings were at first paddling wings, but later some acquired the abil-
ity to flex themn on the back of the abdomen, thus giving origin to the neopter.
ous insects, According o this view the insects are naburdlly divided inbo two
groups: The Paleoptera, including these insects incapable of flexing the wings
[primitive condition), such as Odonata and Ephemeropters, plus the fossil
groups Palacodictyoptera, Protohemiptera, Protodonata, Proteephemeroptera, and
Mepsecoptern; and the Neoptera, including those insects capable of Flexing
the wings on the back of the body (secondary condition), such as the rest of
the imoaocts

SCHWAMWITSCH (31) points out that an imsect with immobile gliding
paranats would be hindered in its crawling through the vegetation. He believes
that the paranota were dirccted badkwards and became mobile from the very begin-
ming of their evolution, In this way they could belp walking by their strokes
as in the case of Bowbyx wmerd, which has lost its flight. Later they were trans-
formed inbe true wings by clongation, Therefore ScHWANWITSCH'S wiew s the
oppasite of that of MarTvmow, bocanse he assumes that the ability bo flex the
wings on the back of the abdomen should be regarded as primitive and the
spread cut position ss secondary, He divides the Prerygoda info two main types,
based oa the wing modor musculature, The fisst type s found in Odonsts, which
have two systems of dorsoventral muscles for the up and down movements of
the wings; this he named Orthomyaria, The other type s found in all the
rest of msects in which the upward movement of the wings is sccomplished by
dorsoventral muscles as in Odonata, but the downward movemseng is wchieved
by longitudinal muscles, this be named Chisstomyana (SCHWANWITSCH, 307).

The third view s semewhat intermediste to the two previous ooes in
that both conditions, flexed and waflexed, are comsidered primitive. LEMcHE
(22} believes that the wings originated from two different types of growth
of the paranotal process. In one the growth was sidewards giving rise to the
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Palacodictyoptera, Protobemipters, Protodomata, Odonata, and Megaseooptera
In the other, growth was backwards and gave origin to the rest of the orders,
And these two lines of development were independent of each other, LEMCHE
based this belief on the fn:l!h;rwing observations,

] The (ossil revodd does not contradst the cipbyletic  Concaption e ghe Paisygola,
Both groups, Paleopdera aml Meopier, are found ap the same teme from the lower
Penoaylvanian anwand.

2y All the known mymphs of the Palaecdicryopeera had a sideward growth of wing
pads. o the other hamd, the oymphs of Protomhoptera and Blattaria had wing
pacs directed backward,

3} All peesent-day Prervgots develop the wing pads backwards st [east in all the
groups in owhich thés growth cam be observed, with the ewception af the Zaltatora
end Odomata. Im dhe Saltaioria, howerer, the wing pads stam growing backwinds
just like those of Blattaria, but in the oot moll thide wing pads sre Bitled sloog
axes parallelling the loagitudens] axe of (ke body, thus showisg & secondery con-
deteon, It o coenperable 1o Blatarem. In the Odocata, the wings start growing as
small wertscal ridges ot the sides of the mesc-and metachorax. These ridges grow
from Lines forming un angle with the Jonpgtudinal axis of the body. At the same
time the wings are tiled a=s in Saltatoria, therefore the growth of the wings in
Odonaty js essentially o sideward growth: on the other hand, in the Saltatoris the
grovdh s backward, This = hest illmeratnd by cuting reo papers as shown in
figmre 1 oand falding ibem along the lises marked ab, atb'.

a a o o

& LS
.l'l- '.'l.
Ji “'l.
i )

A B
3

The paper midels then dppesr wath the flaps direced backwards (Fig. 3). Aoctual-
ly when they are wofolded onfy model A {which represents Saltatorin) has back-
ward progertions, model B {whech represents Odonata) has sideward  exbensioms.
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The trackea] ramdfications in fhe wings that grow BPadewands show that the wieg
trecheae are bent wward the hack from the very Begoanimg, desplaving the same
refation to the hind corner of the peranctum a3 the veins en the full grown wings
te the wing tip. The tracheal mmificeteons in the prothomax are quite similer. This
st dndeate that the wimgs have not changed secondarily o the hackeand
growth, Thus the trachie were  ooiginally  divected  hackwards, pamllelling  the
ll.ll'l,gi'll.hiil‘l.ﬂ dirccison of the wing or appl_-,ldiu ot in the sheipo of a fan. Oin
the other hand, in the Palisodiciyoptess wheese the wings grew sidewasds, the gra-
vheal mamificetions oF wvelns masst have e e curves foward (ke pokorsar alge,
Im fact. the Palieodicyoprers do show ghe veins extended 5 even asches noward
thy postetior edge, and the subrosta cemds to end farther out i the wing.

Ch ik bosiz of wing growth trpe, the Prerpgots can be divided inko two groaps
The Plaginpeea, snfuding ghose with lateral wing pacds. such as Palaeodictyoptera,
Protobemiptzre, Mogasoopiera, Protodonam, and Odonata; and the Opisthopiors,
inclading those with posterioely disecied wing pacs, the sest of the ooders, On
this eriterion the Ephemeropteras and Chloemia wre placed on dilferent Bines, ol
mil in the same group, as in tbe division imo Palenpeers and MNeoptera. Heee
LrwcHs finds suppart oo the morphology of these o groups. The Ephemeroprera
actually show a thoracic musculatare and wing base comparable to those of the
Meoptesa {MaTsups, 36} On the other hamed the Odonatn show a wing base quilz
different from amy cther living imscct, They bave. imesenl of the epipleural and
axillary sclentes. o lasge plibes, Abs the thorecic musoulstore of Odonsls 5
Jifferent from any other insect, o is -E||||||:l|.|$||:|] maindy i adorsoermtral  muschs,
which pirform the depression end eleveison of the wings, The depressoes af the
wing ere clorsovimral muscles insercsd oo the two large plaes. The pleural wisg
process Bas twe asms. mach one supporting one of the large plates of the wing
base. The depression asd elevation of the wings in Odonata was solved, according o
SMopikazs (30), & follows: “Since the dorsal walls of the parenoml lobes ar
the wing bases are lateral estenssons of the nobem, muosdes hom alached  kave
simply refgined their original notad coneections. The problem of the carly degon-
flies then was do divide these muscles into two funcoeal groops pullisg an op-
posite sides of the wing fulcrum. The problem was readily sobved by cusving the
wing fulcrum dnwasd wnbl @ supported the wing hase hetweesn literal and mesal
grimps of the muscles {fig. 23B). The muschs aitached mesad of the Fulcrum thae
becine wing elevarors (B) and those laterad of it became wing depresson (2.7
In all other imects the depression of the wings o performed by lomgitudial mus
cles. instead of dorsoventral muscliz as dn Odonata, The flexicn of ke wimg is
riashle by the position of epipleural ind amdllary aclenites, The flexor of the
wing i= a musche {or muscles) insemed on the thard amllary sclenite;  thersfore
u & present in all the wingflexeng insects {in Ohdosata, a muscle from the pleuml
mlge 1o the pesterior or axillary plate may correspond bo the third axillary muscle
of otber insects), The extension of the wing i accomplished mainly by the basalar
muscles. The main reason why the Fphoeeroptora mannot flex the wings 15 dlai
the muscle of the third axillary sclerite a8 absent (accordieg 1o MaTsons, o mos-
cle from the pleural ridge io the secomd axillary, in Ephemerogiera, probably cor-
respomds 4 the muscle of the third oxillaryp. It shoald be pointed oot oalso that
poenrding en Hesmikser (1%}, the Odooata molt in a way somewhat different
femiy &ny eeher insect. The usual manmer is @ splitting of the skin alung the middle
of the tergum af ghe tharax, In Odonata this middle splitting of the ihorax =
coofined opoly e the prothorsx, and ankermar portion of he mesothore, the endysial
line then branches toward the hases of the wings and runs backwards and o
wards on each side

Of all tlse ||:l.'|'r|E graups of Pterygoda the Ephemercptera seom o b
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the maost primitive. This, of course, does not mean that the ephemerids are not
speaialized in any way, Omn the contrary, every living group or form temds to
show a combination of pomitive and specialed charscters, often to such dan
cxtent that it may disopcert the mest expent phylogenist, Mevertheless, the
balance of these characters, and what is stll mere signifiant, the anportance
of these festwres which are considered primitive er spevialized, will deteomine
mare or less the position of the group under consideration. To determine the
importance of & character i a growp it must be compared with those which are
belicved to be mare primitive and more advanced. The primitive characters of
the Ephemeroptera are best seen in the nymphs, They are the following:

1h The bypopharyex s a three-lobed strocturs, 18 @ the Symphvls, Diplum, Col-
lembula, and Miceocoryplds Markilis ).

2) The mumdibbes wetly only o single wricculation, as in Meedilin
Tentorium resembling that of Lepisms, with a beoed central plate and foar sap
porting arms; the amterior arms are likewise ventml in position as in Thy=anwra.

4 The nymphal gills af ephemerids Juve been homaologized with the abdominal strdi
of Thysanera, However, these is nob enough proof of their homology but the om-
cepl i rensonable and oot oo smprobable.

b Apical sppendages of the abdomen (cerc amd crudal Filammts) smilar o (b
of Thysansara.

The adult mnrfl.}- alsa presents some p-l'imil:i:'.'r: charactess:

1p The wigg-vemtiea of tkeie forms 13 considered to be the most primitive of all
liveng wimged snsects by Troocysan ($0) amd Fosumps and Teaver (10). This
is based on the fmct that the wing approactes the hypothetical amchetype wing-
venation | Cossrocs. 5, and Swopunass, 33); with intercalary weins and 3 Fleted
condition. The last two features have bemn reganded by soveral workess as spedial-
izafices rather than primitive charscbers, Hewewrr Ensones amd Taaver  paint
oul that prohably the first winged insect Bud 3 completely flubnd wing, with alter-
natson of (omcase amd gomvex veins, This was very dmpodtand o screngthen the
wing uml eecessary before the weng could become thine Such thionnimg of the wing
wis @ requisite bo improve the soelling action of flight. acd constitutes a trend
found in most insects im owhich the wings are rigid along the antericr margin
and membranous behdnd.

21 The Ephsmeroptera are the only Prerveota that enderge a8 omols aféer avaching
the state of mnaga, This seems to indicate 3 holdover From the Apterygola anos-
tors which mod pericdically throughoul Life

3y The mele his paired ponopodes with corresponding douhle  penis. The  fomale
possezzes also paired gonopores which are rather unigoe amosg inseccs; these
poncpores are fousd oo ke seventh abdomdnel s=gment

41 Thysamura-like charies,

The Odonatz are an ssalated growp, a single side branch in the phyloge-
netic tree; this s alse troe of the Ephemeroptera. The features which make the
dragan-flies an fsolated group have been described, However, among all the
living orders of Pterygota the Ephemeroptera are the closest to them. This fact
is indicated by the following characters that they have 1o common,

i) Inabdlity eo flex the wing om the back of the abdomen, abibough msorphologicatly
speaking ity commos chamceer may lack eny signifecaoce,
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TABLE 2
Tie Tivee Mafn Beolatiosary Vrends of Newpiera
= —_— e = —_— e
Orthapternid Hemgroreid Mruripiefedd
Metamorphasis simple Mletamorphosis dimple Metamorphosis complete

Mymphs witl ocedli

Without tendency 13 dev
el JLHEIH.E et h-paris.
Al of them {rxcopl soms
termites b lack & well dew
tloped gular rrgéim

begennae  moomally  bosg
and  snultiasticulated, red-
wed only in the mear
spocialized Formi

Posternmotoria,  that
the hind wing aml i
musculabere predomdnabe

Usually with well devel-
uprd Enal fan in 1B hind
wing

Wil well -dnl;in]xl] fas-
istenoum,

Tarssmerss varahle

Coral well devebuped

Bales with sty and fe-
males with well develop-
rd ovipisitor [ laking s
Mecoptera, Embiopters,
Gryllstalpadar  apd  mind
Dermaptera end [aopocra )
Wlasotean hasdin usually
prominent

Parapeos eseally

i stunect

Mumerous malphigian
tubiy [exceptiomally reduc-
ed in some termices)
Withoul cosentrided
neErvngs  spskem

Myenphs  withoot ocelli
{According to Dr. H, B
Hungrsford® some pelaat,
ocorkl nymphs have oed-
li}

Wich gradual dpvalopmes
of suskimg moutb-pans
The maxillse with a det-
iwchrnd  porion  {possibly
the lacinda) formeng a
¢hisel ke sigucture
Temdemy perwdsd  sediic.
o of the asdrnna:

Anterumanoriz, that i3, e
lege wing and o3 muscui-
ature pradoinissle

Without dibaeed ssal area
In she kind wing

Poorly developed Basister-
mom, Some  with  descni
mir | Homoptera )

Mever more than three
e ned

Wikt cervi. excep
Faraptera

Bales wsoally wih styli
Some Frmales wiibh well
developed ovipositor:
Thysanopters, Homoplera

Meswotrochantin bends
bevome  sleader and iR
base fuses with te mesns
pleura

Paraprocts  usually  inadds-
Rt of wisking

Few malphigian tebes, no
more than six, genspally
e

Serongly comceniutal aciy-
oui  Apnbem

With dendency towind the
development of probosis.
Somer  with well develop.
Bl pular region amd doml-
cecy b fore a  hyposto:
mal boidge

Amieemar woally filiform

Anbermmotoria, exorpt Col-
mpters ia whach the hind
wing and Fy musouslibune
prodomenale

Usually  without  dikated
amal Fin is e hind wing

Without exposed basister-
num: Wich descrimen

Usually with Five
rarssseres

Cercd may be presess

[ Mecoplena, Siplonaptena )
Malen with alyl. A well
developed ovipositor Found
in Hymenoplera

Mesotrochangin  fused Do

mesopdeura

Faraprocts indictinge

o wanding

Frw mualphigizn tubes, us-
mlly reduced bo wix

Usually wwthout cosien-
brated @ervous system
(bt strongly sondsnsel
in somes Dipiera).

" Pesonal comenonicetion.
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21 A mather primstive wing vomation innserving Al enierior media. which in meet
misfern iveits hag beem loste In Eplemeropiera Both branches of the media e
rtdined (MA and MP), in {donsta only the primitive anterior media i= retadnid.
The wing shows more or Jess o regular abiernation of convex and concave v,
it least in the sub-basal region Apal veins tend o curve teward b eoar

1) Malphighien tubts  numercus.

le should be remembered, however, that the EI:llr:r'lI-t'.r-ﬁF{l‘:tu amal the Ordo-
nata are oot related meeds, As SmomcRass (363 bas indicated Uthey represent
two carly lines of prerygote evolution differentiated by the method adopted for
moving the wings.”

The second major explosive evolution of the insects began with the cap-
acity to flex the wings, and is reprosented today by the so-called Neoptera. In
spite of the great diversity of the ncopterous orders they can be charcterizcd
as follows:

1} Ability o fold the wings on the back of the abcdomen, &5 & pesalt of the prescnce
of the mucle of the third axillapy scleniie,

1] A pew region in the wing is developad. the jugal regios or neala

31 The anterior medin is usslly Jost, thus Beaving the entire spaces between Ky oanid
Cu, with ondy concave e Asal veled are digected obliquely toward the posbetior
AEICEN wf the Wing.

The Meoptera are sepresented by three main evolubionary trends or groups;
The orthoptereid, hemipteraid, and neuropioroed, MakRTyNOY named them, ac-
carding to the evolution of the jugal region or neala, Pelyneoptera {orthopteroid )
with well developed neals containing several veins, Parancoptera (hemipteroid )
with only a simple ar a branched vein in the jugal region and Oligoneoptera
{neuropteroid ) with 4 simple and longitudinal vein in the neals. The charac.
ters of thess groups are tabulated in table 2,

The characters indicated are trends rather than clear oot features. Some
of the excephions are characters secondarily lost or primitvely etained

TABLE 3
The Twa Major Lines of the Orthopieroid Gronp

Orthopieraid  Proper Pamplecoptera
Owiposaler well developed Ovipositor wanting o greatly roboced
Forvwings  usally  chotinized.  wsed b Farewings  usmlly  mombranoes

praotect Ehe  hindwoings

Ususlly with five tarsomeres [variable 14 Thirer momeress

Saltatornia )
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THE CRTHOPTELMD GROUP

In this proup we can distinguish two lines: the anthopternids proper,
with tlear affinities, and & line represented by Plecoptera, Embioptera and Der-
maptere, with doubtful affinitics {although Dermaptera be closer to the fypical
orthoptzreids), The disiinguishing trends of these two lines are dicated in

table 3,

In the orithopternids proper we find two dostoet lines: the Panorthop-
tera, represented by Grylloblattodes, Saltatocia, and Phasmide The Dictyepeen,
represented by Blattara, Mantodea and Isoptera. The distinguishing charactecistecs
if these twa lines are indscated i kable 4.

TABLE 4

The Tewo Evelsiiosary Live; of the Quboptevaid Proper

Pamsartbophera Dictyoptera

Oraposrior wsually  well  developid gl Owvipoaitead reduced, no lomger =ervimg for

basally overlipped by the eighth alidoenin-
al sternite

Eges not lasd in am coahesa

Mzle genicalia spmmegrical (exceps for
Garptladiairay

Progodum ot tending to bave laferal bobes

Lateral corvical sclerites not fendimgg B0 he
oddiguins o the  msdvesdeal  line

Coxse relatively  small

Cerci sometimes with mesal prongs  anl
ardimanly =hort amd mon-segmenied
{emcept im Grploblaira)

egg-leping, and Bosally enerlapped by the
seventh abdomenal siermiee

Eges laid im an ootbeca

Male genstmlia ssymenctrical and coenples

Pramutum btending 1o have lateral Jobes

Loteral comvpcal sclerites  tending o Be
canbigiesus i the madveniral Jine

Coxae wery large

Cerci mubiiartioelsed

An interesting fact, as pointed out by Swoporass (36), is that the

dorsal longriudinad muscles of the thorax, in the Dicyoptera, “are either absent
o arc too small to have any direct action on the wings. “For which reason these
insects alse make v of the dorsoventral masces for wing mators, but not in
the same way 23 do the dragenflies.” The method by which the Dictyoptera
move their wings is not well understogd, To all these, Sncdgrass adds that the
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Thictyopders, “on the basis of their wing musculatiee and thormos structuere,
arg appropriately sepzrated in classification from the rest of the orthopterosd

nsecks.

Althoaigh the termites supecfecially seem to be Far apart frons the roaches,
there is little doubt that they arose from roach-like inseas. A& close examination
will reveal the true relation of these two groups Table 3)

TABLE 4

Semilaeition Berveen Roacher and  Terming

Roackes

Termites

Fivg tamusmcres

Anal lobe im ke lend-wang

Reduoced anvipossioe

Epps Lasd in sows and an &n onothera

The roachis are not social, Mevertheless
morne subsorial roaches are surprssingly ber-
mite like #n lahits, like the wd-bosing
remch Crpiocerces fwwrtalares, This spe
rees Lives i colomies which are composed
of pareres and offspring, and like the ter
mites, feeds em wonod

Aluz lke the tecmitcs. Cryorreces har-
bary wooddipesting  proforoa in ik &l
smeniary imact. Some of these prdoen be-
Tong to prmeps that acoer B bermaies

The Australien eoech Pavenrdis, a soilbare
mywing Bloeeid, breas off it wings pus
i winged termdbes do

Although the woal sumber of tarsomeres
is fowr, the prmitive Family
Muastotermitidar = characterized by Baving
five iarsomeres

Here agaim the et majondy sk the
anal foke, but B presemt @ the family
Masziermdickie

Although in most fermites the owipositor
it compleiely absemt. im  Mastotermitidse
it is present apd redwced as o dn the roa-
ghid

The dropping of =ingle «ggs is the com-
man habit of most tommites, bur in MBasin
wermitidar we find kot they lay cthe eges
an massis oesnbid pgether n WG e,
thus simmleting ootbecas

Always social

Srmbintic  cellalose-digesting protooa  in
theis alnsenbasy Frut

Winged termnes heeak off thear wines
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To all these characters in comion it can be added that sccording to
Jupm (213, the structure of the proventeiculios in both groups indicates a close
relatinship.

Regarding the Panplecoptera, Caamrron (6) has summarized the evid-
ence that the Embioptera and Plecoptera are related a5 follows:

1) Mesothoracic postscetellum well  developid,

21 Mesoinswhamtin hasally fused with the pleuron.
3] Mesothoracic coxar wad e becane rip&-hhr
4)  Thiee 1&renimenss,

3] Owipositor lacking.

THE HEMIPFTEROID Ciros P

The Zoraptera are placed here as the most primitive group of the
Iwmiptc:-:-idi, at the base ol their hﬂ]l.ll:i.ﬂn:q‘ branch and close ta the nrtl:np-
teroids, The special position of Zorapters o shown by the multiple affinities
with the hemipteraids and osthapteroids. DeLasare-DEpOUTTEVILLE (8, 9)
has induated remarkable similaritics between Zoraptera and lsoptera (the latero-
pleural region of wingless forms as compared with the winged forms in both
groups, also the resemblance of the propleuron in both orders, plus the shility
of the winged forms to shed the wings),

The main evolutionary trend in the hemiptersids is 2 pradual ﬂ:-.rdup-
ment of sucking mouth-parts. The Zorsptera present o conservative type of
mouth-parts with only slightly clengated maxillae, In Corrcdentiz the maxillas
present s peculisr madification, the lacinia seems to have detached completely
from the stipes, forming 2 chisel-like rod, toothed or forked at ies apex. This
rod is peovided with & protescor muscle Frea the stipes of the maxilla and a
retractor muscle from the head wall Amother imyportant modification iz found
in the hypopharyme. The lingusl sclerites (basal bars) of the typical hypo-
pharnx have been transformed into a pair of large sclerites of ovoid shape,
The S pensory sclentes and the .':Ltnphnr: have been madified also into a con-
spicuous cup-shaped sclerite, placed pust before the mouth, These two stractures
are connected by a branched [ilament. The oveid sclermtes have been regarded
a3 plands, and the filament as a dsc. This concept has been proved to be
wrong, as WERIR (4%) and others have shown conclusively that the sclerites
in question do nof have a glandular strscture i the epitheliom beneath them,
amd are devoid of lumen. According to WEpER (453 there iz a small and
hard process arising from the clypeal wall of the preoral cavity which fits infa
the cup-shaped sclerite thus forming a "mertar-snd-pestle” apparatus (v, SWode
cRAss, 3, po 200, These morphelogical chenges are also foand tn the Mallo-
phaga: a rodlike lacinia free from the maxilla, with the corresponding retractor
muscle from the head wall, and protractor fibers from the stipes. This rod,
bowever, has boen lost in many Mallophaga, The ligelar sclesites and the sus-
pensory sclerites, inchuding the sitophore, have undergone the same transfor-
mation a5 in Corrodentia. The function of the sitophore sclerite in Mallophags
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is unknown, an opposing “pestle” as in Corrodentis being absent in this order

The Anoplurs are & specislized side branch of the Mallophaga, in which
the mouth-pants have been highly modified. In Thysanoptera we already find
a short and conical benk with three styli, One stylet @5 the transformed left
manslible, the right mandible is absent or very reduced. The other two syl
corrcaponad b0 the maxillary lacinin, REYME {28) has shown thar the maxallary
siylet of the Thysanoptera is developed from o secondanly detached part of the
maxilla. Thus, the maxillary styli would correspond to the chisel-like rods of
Corrodentia and  Mallophaga, that have become elongated and setiform, In
sam: forms the maxillary stefet is connected with the base of the stipes by 2
bever arm, According to Swoocrass (34) this lever arm belongs to the lacinia.
Mo lever has been differentiated in Corrodentia and Mallophaga. The maxil-
lary stipes and galex arc placed at the sides of the conical beak

In Hemiptera: Homoptera the beak reaches the highest development. The
maxillary structure of Thysanoptera is again found in this group. This is best
seen in cicadas, in which the maxillary stylet is connected with the stipes by
# lever sclerite, just as in Thyanoptera (v, SNOBGEASS, 34, p. 97). The mam
difference consists in that the maxillary lobe has become fused with the lateral
wall of the head and the maxillary palpas is ahsent,

THeE WeEUROFTEROID GEOUP

Like the Hemipteroids, the Neuropteroids probably descended from farms
closely allied to Pratorthopeers, Theeefore it s not surprising to find that some
forms (Coleoptera) are wery orthopteroid in several features. As a matter of
fact, Weper (46} includes the Coleoptera amang the orthopteroids. The com.
plicated interrelationships amenp the ncuropteroids make it very difficult o
establish evolutionary trends and exact relations of these orders. The Newrop.
tera (in the broad sense) and Mecopters are the mast primitive orders and
probably originated from a common stock. Although Neuropters and  Mecop.
tera are closely related they are placed here as sepresenting two lines of evolu.
tien: The Paonevroptera including Newropeers, Megaloptera, Raphidiodea, Col-
coptera, Strepsipters and Hymenoptera, and the Panmecopters (= Panorpoidea )
including Mecopters, Trichoptera, Leprdoptera, Diptera and Siphonaptera. o
bech groaps there is a tendency toward developing sucking moutheparts, At the
base of the two groups {Mecoptera-MNeuropters) we find that the mesothoracic
coxz is divided into cucoxa and merom, but in the Panocuropters line this
division of the coxa i lost |Coleopters, Strepsiptera, and Hymenoptera). On
the ather hand, most of the forms of the Panmecoptera retain the meron, Males
of the Panneuroptera tend to develop processes on the gonocoxopodites, usually
called wvolscllae (found in MNewroptera, Cupedidae in Coleoptera, and Hyme.
IOplera).

Recendly, Himror (17} has clevated the family Boreidae of Mecoptera
to ordingl rank (Meomeooptera), The main distinctions between the Boreidae
and Mecoptera proper arc given by Hinton as follows:
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Lamva:

13 The cranfum is without a distioct epistosral  suture

2} The cardo s not fused fo the basistipes, and the feniomal adducioss of the cando
are presend; if homalogess of thise musdles dee present w the Mecoprers they are
now feednnEl adducknrs ol (ke Lill]lritlp:'i.

3y The postmentum is well developed ipstead of Jost or reduced tooan articolsting
membran: between che premeotum am]l the cramium

4) The abdomen lascks prolegs, whereas in the Mecopdera prolegs are preseed on ghe
first wight abdomimal segments

51 The latvae Feed oa moss, wherias those of e Mevoptera are cafmivarous,

ApirT:

1) The ovaries are pasaistic iestead of poalpirophic 18 in the Mooptara.

2] The lith shdominel sepment of the female lacks ceri, wherss ane-or Ewd-iegment.
ed cerci are presemt in the Meroptera.

i) The ninth and tenih abdomical segments are modified o form g lerge Tunctional
awipesitor but oo such “oviposicor” is found in the Becopters.

4) The adult gut lacks the six special rectal plands of the Mecopeera.

Although the Boreidae seemn actually & well differentisted group among
the Hﬂ:ﬂpttl‘a., it still has a great number of characters in comman with that
order, indicating its relation with it. For this reason, it would be more logical
to retain the Boreidae as a suborder of Mecoptera, rather than farming an
entirely new order for it.

The relation of Trichoptera to Mecoptera s well illustrated by campar-
ing the wing venation of a primitive Caddisfly such as Stewepoyebader foemalis
{Policentroprodidac) with that of the fossil group Paratrichoptera (2 mecop-
teron), They resemble cach other as follows: A fowrbranched Rs; stalk of
Rz + 3 longer than that of R4 + % a four-branched M: stalk of M1 + 2 longer
than that of M3 + 4; with 3 cJosed radial cell {re}, and a closed median cell
(mc). The Lepidoptera are very dlosely related to Trichoptera (Table 6); it
seems that both originated fram a common ancestor. The Micropterypidae,
although the most primitive of all the Lepadoptera, have been usually regarded
as belonging to that osder, However, Hinton (16) has suggested that it should
be regarded as & distine® order (Zeugloptera}. Although there is no resson for
excluding the Micropterygidae from the Lepidopters on the basis of adult and
pupa strecture, FINToN (17) in & mecent paper listed the following impartant
differences between the larva of the Micropterygidse and Lepidopbera:

1p The srmniam of the Zeugloptere lacks the adirontal ridge amd adivonkal  subenes,

21 The tenbomal bridee &= =hort omd brosd es in the Mecaptera anstead of heng Inng
and narrow

31 The asterior fenicrial pit iz close to the inner side of the entennal hase jaseesd
af far Behind the asfenna.

d) The muwll his a separate gaba and lacinia instead of en undivided lobe.

531 A crmnial Tlesar of the disfiseipes & pecienk,

] Lateral labrel retreciors ere preseed.

71 A pair of chharial musches s eserted i dhe shrum,
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Al A spimnerer s absent

9y The leg has the coxa, trachanter, wnd femar fused but the tersus and pretaroe o
dizcrete segments, a type of reduction unkeeem in the Lepidoptera.

Lis) The wentral abdomsnal prolegs lack  retracior muscles.

i1} The spiracles of the mwtathorax ame functicmal instead of moo-functicnl,

12} The chaciotaxy of the thorax end ahdomen is of quite o differet tppe the dis-
teihution of the premasy setae of (e two arders s entirely dalfeeem,

J."1.|.rt|'||-|:rr.|'|.|:||'.:r he adds that “in many respects, EWL’II]:{ in the strachkre
and musculsture of the head and muuﬂ'l-pu.rb: of the hn‘.:.. the E:ug]nphr. ap-
pesr to be much mere closely related to the Trichoptera than to the Lepidoptera.”

TABLE 0

Simiilarities belween Trivhoplera wmd Lepidaprera

Trichoptera Lepidhaprera

Mundibles atrophisd or vestiginl is many In the majoriy the mandiblis are wani-

BEERTL

la the genus Npiesdepits each maxillery
ol ok 1 ik foem of & pendoloes o an
annulated  half-tube

g presest oasd Tunctional wn Microp.
tesygidac )

The manulabed half-tubs clonpation of mcl
maxillary lobe of Dyporsdoprr recalls the
condition found in comain anhaie Lepidop-

et en which the e clesnes of  the

proboscis e mob cosdapied

Certaen  Tewhopeesa | Plarravaron ) ave Wingy clothed with zcales
scatered  scales oo the wings; Powever,
they are parrow and scumenate, with feo

wriae

The 'll'lJ'lI: venatenn of R.l:l:rﬂlﬂ*.‘\lllp g loscly
resembles that of rhe masl pammie Le

pidoptemn

The wingt venadson of Rhyaropdils is verp
generalirad. Almast all the veins are loog-
Mudinal, e mode han fwo veanlets m
the costal series are refained, and the crass-
veins are redoced in nember

The Diptera seermn to have originated from a Mecoptera-like insect. This
is indicated by the lollowing festures in common:

1} The pr-u1u-l:ipt-rmn. F'.l'rﬂlm']'.bl'.l'd _p.h'rl:ﬂ'.l-l [:i I||!|u||‘:lc| L!ipl:-l_-rlln] hat a wing wvenation
wery wimilar to that of Paratrichoptern, the mein differcime beiwern the twn s
it narfawing of the wing base in Peswbripels, and 5 a cofseqisenie the thind
il vean s misseng, and the seoomd one redoced.

2} Acoording to Tievarn (41) the famsly Manoochoristidae (Mecopiers) aee th
closese living relatives of the Diptesa, This Tamily Fas a2 hend-capsale end et
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pants wimmlar o that of some flies. Thee i owell seen by compering the hesd of
MNasdaehoring with that of Edwardites |Bleplarcceridac), In both gvpes we fonc
fivepepmented maxillary palpi, with & very dhon hagal sepment end the  thind
with & peooliar semsecorgan;  twosscpemented  lahial palpi, which are  placed very
close topether forming a Bbellum-like sicucture. It showld be pointed  oer that
CuaMProe (4, 3), has indicated that dhe labellar bobes are probably tbe labdal
palpi in Diptera, Absa the labivm-cpiptaryny and mandibles are elomgated {bur
MidE =5 i Ed'u'.lnl'n::u}.

iy The gemitalia of certan [Mptera are very similer 1w those of Mevopten, For
examplde, in the Tanydemdee (Diptera) end en the Meropeidae (Metoptora) the
ponopads are transformed into large forceps with reduction of all the other pars

As to the Siphonaptera the ongin is still more doubeful, pechaps both
Diptera and Siphomaptera ongnated from a common ancestor i the Mecopiera-
Trichoptera complex.

With the orders of Panncuroptera one is faced immediately with un-
solved phylogenetic problems, and all that can be done here is merely to men-
tion some of the suggestions which have been made

The similarity of certain coleopterous larvae with those of Neuroptera may
indicabe a possible relationship, The family Copedidac, considered to be the
inosk pl'il'i'!i!il.'r af all the f.nlﬂjptzn.__ shvoes retscnlzted ¢|Fr.l.. ;imuli.ting VLS,
This, ot s saed, ey ridicite that ghe =|.'|.'1:rl al E'JJIL‘EFI:‘ETI may have arsen I"T
a Eﬂﬂd_ﬂﬂaﬂtiﬂﬂ of the veins from 4 wing like that of MNeussptera In a wery
recent paper, CRoson {7 has pointed ot thet "the remackable lower Pemmian
fossil Tibebardocoless looks like an intermediste form between cupedid-type
Coleoptera and Megaloptera of the Corydalit type and may be taken as direct
evidence in support of the neuropteran theary. .. The fossil evidence seems ta
be at least consistent with the theory that Coleoptera took therr arigin from
megaloptera-like ancestors during the Permian period, very soon after the first
adaptive radiation of the Endoperygota”

That Strepsiptera are selated do Colleopters is and lsas been the general
opinion smong enfomologists, But  [iasmin (12 hes pointed cut that the
Strepsiptera seem to be more closely related fo Hymenopterz than to Coleopters,
This iz rl.zppurl'l.-d, ln:nrdmﬂ to him, b]. the :I:nlll:rwmg characters sharsd by hireh
the Strepsiptera and Hymenopiers,

1} Firwt shdomina] segment incorpoisted o the thorax {Clstopastrs  amosg il
Hymenoptera), and with epimeron and epésiernum obligusly pleced.

I} The hkead completely free from the prothorex, and oribognethoes® {rhis is dif-
ferent from that of most Coleopsen ).

%] The flabellated antennae of Strepsiptera are &s similar 10 those of some tenthree
dinids az o theme of Blkipidin,

41 The legs of Mongesdae are of the hymemopterous fvpe. A fivessepmented faras
with the hasal segmens  (Basdarsis ) emlarged. The structure of  the empodium
resembles that of the Hymenopien.

3} The triunguline of Zarepsiptera wre achmlly more amilis 40 the planidivm  of
chalcids tham tn those of mesloids and chipdploesds,

# Ths geeslition i called “hypognathoss™ by American authors,
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61 The Strepsiptera smd the Hymenoptera are the anly twe coders of plerpgotes in
which the ebipn his only ome ervelops wwiead of otk ususl fwo (ameion amel

BEAOGE §.
7 Polyembeyony is known o cocur im Haliceopbagidae, and also in some Hymenopeers,
eapeially in chalods.

However, it should be pointed oot that most of the above curacens are
also found in seme Coleoptera and furthermore mapy of these characters can
be explained as due to other reasons than relationship, Thus, the doubled anten-
nae of Strepsiptera probably arose quite independently from similar conditions
in either Hymanoptera of Coleoptera, Although the Strepsiptera and Hymenap-
tera have only one envelope in the develeping embryo, it 15 the ampion wleich is
preseot in the Steepsipteca, while in Hymenoptera it s the serosa. Actually, W
appears, a5 Crowson (7)) has indicated, "that no feabures of the Stylopoide
are inconsistent with o derivation of the group from pormal coleopterus ances-
tors.” He gives the following features as zn indication of the relationship of
the Steepsipiera and Coleopéera:

1} The wuse anly of the lind wings in flight,

The more extensive sclerotization of il shdomnal siernites than of the fomins

(ionfrary to the wsual endopterygote oondition].

1} The natmre of the metendosternite.

4}  The structure of the first-icezar larve. which does not seem oo didfer from o similas
“iriungulies”™ of Medoidaw and Rhipiphoridae in amy character which coald possibly
ke regarded 35 of ardifal importance,

CONCLUSIONS

1} Our present knowledpe seems bo indicate that the closest relatives
of insects are the myriapods, of which, the Symphyla have the greatest number
of charcters in common with most primitive insects, This may suggest that the
Insects and 5].'mp|:|:|'|: were derived from o common sodk of m!.lriapnd-]d.;g ar
thropods, There is also some evidence that the insects may have originated by
neoteny from myrispod-like arthopods.

2% The exclusion of the entognathous aptervgotes from the cass Inscta
does not seem to be well justified,

¥} There is good evidence that the entognathows apterygotes (Protura,
Collembola, :Dip]um';l are interrelzted

4} Since the differences between  lepismatids and  mechilids include
several features of great phylogenetic mmportance (Table 13, they are regarded
here as representing two orders: the Murocoryphia, including the machilids,
and the Thysanura proper, including the lepismatids.

5} The arigin of the pterygoles Cromm the aplecygodes s osbill o queshan
of much speculation. There ase three main theoriss a3 te the erigin of e
wings; all these views agree in thet the wings were developed from paranotal
[rocesses oa the meso- and meta-thorax a] ﬁl‘e'nrding to MakTyow the para-
notal extensions tended o Jrow gsidenwards and were used 25 _!.;]hiing_ argans,
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The wings origioated by the acquisitson of a line of [exibility at the base of
cach process, Later some acquired the ability to flex the wings over the hadk of
the abdomen. b) Scwwanwirsch, on the other hand, belisves that the paranats
were dirscted backwards and became movable from the very beginning of thetr
evolutsen. ©f Finally, according to LEMCHE, wings originated from twa dif.
ferent iypes of growth of the paranotal processes. Inoome, the growth was side-
wards, gving rise to the Palseodictyoptera, Protohemoptern, Protodonata, Odo-
nata, and Megasecoptera, In the other, growth was backwards and gave osigm
to the rest of the orders.

6} OF all the living groops of Prerygota the Epbemesoptera seem to be
the most primitive. The Odonata arc an iselated groap, this is also troe of the
Ephemeroptera. However, of all the living orders of Prerygota the Ephemeroptera
are the closes do {donata

7) The Neopteran osders comprise three main evalutionary trends or
groups: The anhapterod, hemipteroid, and nmewroptersid lines (Table 2§

B) In the arthopterond group two lines can be digingwished : The orthop-
teroid proper, with clear affinitics, and a line (Panplecoptera) represented by
Plecoptera, Embioptera, and Dermaptera (Table 3) with doubtful affinities.
In the orthopteraid proper two other lines can be recognized: The Panorthop.
tera, represented by Grylloblattodea, Saltatoria, and Phasmida; the Dictyoplera,
represented by Blattara, Mantodea and lsopters (Table 4%, Although ihe term.
ites superficially seem to be far apart From the meches, careful examination will
reveal & close relation of these two groups (Table 53,

91 The main evolutioqary tremd in the herapteroids s o gradual dev-
clopment of sucking moath-parts,

1) Twe lines of cvalution can be recognizod o the neuroptersid group:
The Famncoroptera including Newroptera, Megalopters, Raphidiodes, Coleoptera,
Steepsiptera and  Hymenoptera, and the Panmecoptera (= Panorpoidea} in-
cluding Mecaptera, Trichoptera, Lepidoptera, Diptera and Siphonaptera. In both
groups thete is a4 tendency toward developing sucking mmegtith-parts.

By nmecessity, the above sccount has been somewhat auperlicial and o
o vertamn degree dogimatse, Thes, it iz hoped, shall be cosrected in the Fuburc
ax our knowlodge on these matters expands, 1t is also hopsd that mare and mare
eatomplogists shall become awars of the scientific importance of this fascinat-
g and everlasting challenge which the phylageny and the interrelationship of
the inset orders affer to anyone interested,

RESUMEN

El trabajo priseote consiste on un andlisis y evalmodon de la Diteratura
sabre la evolucidn ¢ interrelacion de bos drdenes de los insecos, dande camo e
sultado las siguientes conclusiones:

1) MNuestros conocimientos actuales parccen indicar que los artrdpodos
s cercanos a los insectos son los miridpodos, de los cuales los Symphyla po-
seen ¢l mayor nimero de caracteres en comin con los insectos primitives, Esto
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parece sugerir que Insecta y Symphyla = derivaron de un Erooce coemdn, fos-
mado de artrdpodos de tipo mondpode. Hay evidencia tambeén de que los
inscolos pucden haberse originade por medis de neotenia de dicho tronco comiin,

21 La tendencia recieote de excluir los aplerigofos ontognatos de s
clase Insecta no parece estar biem justificada.

31 Inwestigaciones recicotes indican que los apierigotos entognatos (Fro-
tura, Collembola y Diplura) estin interrelacionadaos.

4) En vista de que lis diferencias entre lepismitidos y maquilidos ins
clupen varias caracteristicas de pran importancis filogenética {Cuadre 13, =
comsidera gus forman daz Grdenes: Microcoryphis, que :nmpn:ndu a las |:|13.quir
lidos, v Thysanura propaments dichos, o mea bos lepasmadtides,

5} El orgen de los ptengodos aun continds sin soluckin.

6) De tosdos los grupos vivientes de Prerygota los Ephemeroptera pa-
recen ser los més primitives. Los Odonata forman un grapo aistade. lo cual
también ¢s cierto de los Ephemeropters, pero de todos los drdencs vivientes de
Peerygota los efemerdpteras son los que mds se aproximan 2 Jos odonatos,

T Los dedenes nt'r.'lpl:-ul:l:rs r.n:nprmdnn tres Erupos a tendencras evolo-
Cinndriks Fl'il'll.'i|.ﬂ|t'1: Las lineas [:Irl.hﬂpl:nmidi.-.:.. Hurmpb:mid:l ¥ .I"-]Euml:b:rnidnn
{Cuadro 27,

8) En ¢l grups ortopteroides se pueden distinguir dos lineas: los Orthap-
teroidea propiaments dichos, con afinidades claras, y una lnea (Panplecoptera)
representada por Plecoptera, Embioptera, y Dermaptera (Cuadre 33, con afi-
nidades dudmas. En el grupo ortopteroides propiamente dicho pueden recono-
cerse obras dos lineas: los Panorthoptera, representados por Grylloblatodes, Sal-
tatpria, ¥ Phasmids; los Dictyoptera, representados por Blattaria, Mantodes e
Isoptera {Cuadro 4). Aungue los comejenes (lsoptera) superficialmente pare-
cen estar muy bejanos de les cucarachss, un examen cuidadoso revelard una rela
cithy cercana entre los dos grupos (Cuadro 5%,

9 La principal tendencia evolucianaria en Tos hemipteroideos es un de-
sarrollo pradusl de un aparata bucal chupador,

10} Do lineas de evolucidn pueden ser reconocidas en el grupo neu-
rapteraiden: los Panmeuropéora mcluyendo Mewroptern, Megaloptera, Raphidio-
dea, Coleoptera, Strepsiptera ¢ Hymenoptera, y los Panmecoptera (=  Fanor-
poiden) inclupendo Mecopters, Trichoplera, Lepidoptera, Diptera y Siphonap-
tern. En ambos grupos hay una tendencia hacia el desarrolle de un aparato bucal
dlup&dut

SCHLUSSFOLGERUNGEN

Ein ausfiheliches Stadium und Schitzung der Literatur tiber die Evolution
und Bezichungen der verschisdenen Inscktenordnungen erlauben dem Verfasser
wie folgt abzuschliessen:

1) Dhe gegerwirtige Kenntnis scheint hinzuweisen, dass die Myriapoden
die den Insekten nihse Gliederfussler sind, von denen die Symphila die meisten
charakteritischen Merkmale gemeinsam mil den uripriinglichen Insekten besit-
gen, Das lasst schliessen, dass Insects und Symphila ven einem gemetnsamen, von
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myriapoden-artigen  Glicdeefsslesn gebildeten Stamm sich ableiten. Es besteht
auch Merkmale, dic darsuf hinweisen, dass dic Insckfen wermitiels Neotenic
vinl besapten Stamm herriihren,

21 Ea scheint, dass es keinen Beweis gibt, um dic evognstischen Ap-
terygoten von der Klessse Inssita ausmischlicssen,

3) Neueste Untersuchungen weisen daraef hin, dass die entognatischen
Aptorygoten (Protura, Collembela, Dhplura) im Berichung rucinander  sind,

4) Da die Unterschicde gwischen Lepismatiden und Machiliden mehrers
Merkmale von grosser phylogenetischer Bedeutung cinschlicssen (Tafel 1), be-
trachtet der Verfasser dic Bildung zweier Ordnongen: die Microcoryphia, welchs
die Machiliden 1.|.|'r'.||":|."..'||.'|:|| und die Th':,':anum., welche die Ll:pi.ﬁm:tlr[-:rp sind.

51 Der Ussprung der Plervgoten bleibt nach wie var im Ungewissen.

6 Vion allen lebenden E.ru}"]'ul der ]:'itr_l,'.nﬂtl!n schernen die |:']:|1r.'mn'-
roptera die Primitiviten 2u sein. Die Odonata bilden cine Geuppe fir sich, was
auch fiir die Ephemeropters erwicsen ist, aber von allen lebenden Owdnungen
der Prerygota sind es die Ephemeropiera die am meisten den Odonata Shalich
sinid,

7y Drie Ordoungen der Neoptera bestehen aws drer Groppen oder hanpt-
sichlichen evelutioniiren Bestrebungen: die Orthopteroidea; Hemipteroidea und
Meuropbercidea [ Tafel 27

Y In der Gruppe der Orhoptzroides kapn man zwel Linien unter-
schiiden: dic tatsdchlichen ﬂrthupdc‘mil:'lu mat bestimméen Affinitdten und eine
Linie (Panplecoptera) gebildet dusch Plecoptera, Embioptcra und Diermapters
[Tafel 3% md usdestliclhen Affinstiten, In der [}n.lpp.t der tatsichlichen ﬂnhn:up-
terpiden lassem sich weitere zwel Linen bestimmen: die Panorthoptera, gghildet
durch Grylloblattoidea, Saltatoris und Phasmida; dic Dictyoptera, gebildet durch
Blattaria, Mantodea und Tsoptera (Tafel 4). Weongleich dic Termiten ohecflich.
licherweise weit eotfernt von den Schaben sind, cin genaucs Examen wind eine
nahe Bezichung ewischen boden Gruppen aufweisen (Tafel 3.

9} Die vochereschende evolutenise Bestrebung bei den Hemipteroidea
ist ging abgestufpe Embwecklung des Saugwerkzoupes

10y Fwei evolutiondse Linien lassen sich i der ﬂrupp: der Mewrnp:
terdidea erkennen: die Panneuroptera einschliesslich die Neuroptera, Megalop.
tera, Rophidiodes, Coleopiera, Steepsipters und Hymeoeptera, und die Pan-
mecoptera { = Panorpoides) cinschliesslich die Mecoptera, Tricheptera, Lepidop-
tera, Diptern und Siphonaptera. In beiden Gruppen besteht die Tendenz zur
Entwicklung efnes Saugapparates,
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