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By N.S. Kalugina.

Department of the Zoology of Invertebrates, Moscow

(From: .“Trudy VsesoyuznOgo Gldroblologlcheskogo

. INTRODUCTION}‘

Infcrmaticn cn age changes in the biology of the

study cf the biclogy of larvae of younger age stages is

‘7structure. The present paper is devoted to a study of

"fflthe blclogy of the ch1ronom1d 1arvae durlng their growth.

o The following specles were studled‘

- 2°% 3]

gcertain general principles of the structure changes and of

o
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_g;. glaucus Mg.,

© . Gl. imbecillis Walk.,

~Endochironomus albiggnnis MEes

© BEnd. impar iw&lko, A |

E}ld- t’enden(s _Fo’ ;

Stenochironumus gibbus Fe,

‘Chironomis plumesus L.,

gh.'anthfacihus Zetta,
Ch. annularius Mg.,

Camptochironumus tentans Foy.

Iimochironumus nervosus Staeg.

Mterotendipes chloris Mg.;

Stictochironumus histrio F.
Pentapedilum uncinatum Goet.,‘ . ' ‘ :

Identification was made from a female that had laﬁd eggs from Wthh
‘males .

' larVae were grown, or, in the majority of cases, from /. subsequently

developed from these larvae. Glyptotendipes gracllls was identified according

“to Kieffer's-key (1918); the next seven species were identified from the keys
.vof'anards (1929) endtofwcoé.k195o). The remsining ones;ﬁere detefmined
from‘Geotghebueh's‘key~(l936—1937) From egg masses collected in nature
Cr1cotopus larvae of the Silvestrls F. group ‘were grown, they were, 1dent1f1ed
according to Chernovsky's key (1949) The materlal was collected in the
'_Qghg Reservoir‘at the base ofrthe_gghg Lohoratory of the Moscow Water Supply
- Syéteﬁ.‘"The work was carried out.ddring the‘period‘l953-l955.'

I take the opportunity here to thank N. Yu. Sokolova, O. A. Chernova
and Ya. A. Bierstein for assistance in my work. I .am most-thankful for A. A.‘
Shtakelberg's valuable advice who took the trouble to read the manuscrlpt for‘
this paper. My heartfelt thanks go likewise to:the Chlef of the Ucha
{‘Iaboratory, AV, Frantsev,vfor.the working condltions granted.to me at the

_ water reservoir, .
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Age Changes in the Strgcture'of.larvae

Published data on the development of the chironomid-larvae are few,

'and dispersed in individual,  often 1ittle.knewn works. Even in the

compendium of Hennig“(1918-1952) and in the monograph of Thienemann (1954)

these works are enumerated far from completely. The following published /86

data on this subject are known to us. . -

Only in five species,namely, Chironomus gregarius K. (Pause, 1918),

Ch. cristatus Fo- (Branch, 1923), Ch, 91 osus L. (Yablonskaya, 1946 ), Ch.

-~ dorsalis Mg. (Kbnstantinov, 1952)1 and Cam ptochironomus tentans F. (Sadler,

1935) are all the larval moultings traced and all the 1arva1 stages described,

but the deScriptions and drawings of the oral parts of ali the four stages

are presented only for Ch. gristatus. Stuart (1941) raised individuals of

.-nine species N

_ Ana&_gxala varius Fuoy S ‘. .'-u L | Corynonenra scutellata winn,,:
Cricotop__ fucicola Eﬂw.,zaﬁi t:‘> v_.” L | Chironomus dorsaiis'Mg.,'
gg. silwestris F., - - S _ - Ch. 1ongistxlus Goet.,
Cr. silvestrisfvar.‘ornatcslMg;;‘ S :1.vPc%ngdilumvnubeculosum.Mg."

Spaniotomaerubicnndaenga;

The moultings were established'by.this author, hcweVer, descriptions only

-of the larvae of the last stage ‘are. presented, and newly born larvae of only

two species are briefly described (Anatogxgia varius and Cricotopus 51lvestris)

‘Growing of Anatgnxnig xazins larvae was repeated by horgan (1949) The author

- has traced the moultings. A more complete description of . a newborn larva

The moultings of Ch. dorsalis were earlier traced by Mlall (1900), but he
- only described two stages. the first and the last. ' »

R
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. is presented. -

For two species, namely gg;ronomuS’decorus Joh. (Ping, 1917) and

Anstogzgia plumipes Fries. kZabolotsky, 1937 ) the larvae were raised and

. deseriptions of lervae of several sizes ares given, but the authors did not

establish'lar?al'moultings in these species,fnor did they connect the
descriptions off the larvae with the 1arval stages, Data of a similar kind
are also available on. the development of the ‘above-mentioned species Ch.

plumosus (Potonle, 1931, 1936) ‘Kettisch (1938) raised Cricotopus- trifasciatus

Phnzen,larvae. The author apparently did not observe all the moultings, since

_ heé. indicates seven. (1) larval stages for this spe01es establlshed on the basis,

of measurements of cephaiic-capsules. The structure is described exclusively'

'.for the last stage. Ih three Species, namely, Zgzggligl;g,mggmgggtg;v.ﬁd-uwu}p,,_-

lgntgghgzn;glla,gg:gxlg;dg; Koy and Hggytgrsus bohemlcus K., the larvae were
grown by Zavrel. (1926) The author ‘established no moultlngs and described for

these species only two larval stages: the first and the-last.

. For yet a.further number‘e?'species, larvae‘ef the'first'staée were
hatched from egg;messes and.described.} The*authors did not succeed in growing:‘
these lafvge‘to the mculting‘stage, apd.the taxonomic classification of these
larvae was usgally'estiblished‘from a female thatlhae-laid eggs in the laboratory, .

Similar descriptions of larvee of stage I are available for Cricotoous biformis

Edﬁ.,. (Ieger et Mbtas, 1928), Bnyophaenocladins virgo Strenzke (Thiememann

and Shrenzke, 19407, Psectrocladius obvius Walck._ (Dorier, 1933) and for - .

'three representatives of the Tanypodlnae sub-famlly (Thlenemann and Zavrel

1916) without an exact indlcatlon.of ‘their spec1f1c affiliation. In the .

same works the Aatithor.s uSuaily pfesent -descriptions of the larvae of stage IV

:of the'samesSpecies. The specific affillation of the older larvae was established

from imagoes cultlvateifrom them.-
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When‘comparing the descriptions of larvae of the first and last ‘

stage's found in the ’literature, one m.ay see that the authors always reeord i

g
for each spec1es the . presence of some differences in the structure, and

occaszonally also in the behavuxn;of the larvae of these stages. ‘In some

A species (for example, Zavreliella marmorata) the larvae of the first and .

last stages differ to such an extent that they may, according to the

present classifications (Chernovsky, 1949; Bertrand, 1954) be erroneously _/87bc“'.“

classified as belonging to different'genera._ The difference in‘the structure
and in the behavior of the larvae of the first and last stages was also often |

observed by the author of the present paper in the case of the above-mentioned

species of larvae, which he had occasion to raise.

On the ba51s both ‘of published data and of our own material on
raising larvae, we came to the conclusion that the morphological and biological
changes take place in chironomid larvae during the entire period of the_grcwth'
of the larVae, during'which-the latter undergoes'three'iarval moultings.‘ Many -
common - features are observed in the directicn of the changes in the structure"
and biology of chironomid larvae, which permits us to speak about certain
regularities in the change of structure and biology .in chironomid larvae in

general.

In the structure of the larvae changes take place during the grcwth

‘process that are both connected with the larval moultings, and - '}f

not directly connected with them, The grouping of the changes in morphological i

features is given below mainlj to facilitate the‘identification of larvae of

various ages. A certain conditionality j.s natural here. *

*When we speak of changes in the structure of ‘the larvae, we mean, in the magority :
of cases, only the changes in features that have ‘taxonomic significance. -

\;“A B
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1. Changes Connected with the Change of Morphological

larval Types

Each moulting brings a- number of'changes intc'the structure of the
larvae. N. N.. Iaplna (1928, p.27) recorded that "the sharpest changes take
place in the structure of the 1arva after the first moulting, the subsequent
moultings compllcate the organizatlon comparatively much less" Here it is
necessary to‘add that certalnAchanges taking place during the flrst‘uoulting
exceed the‘chahges takihg place.during subsequent mcultings not only quantita-
tively,‘but'also‘qualitatively they differ from all the‘other changes that
take place during the entire growing period of - the larve,".The larvae of the
first stage, in many cases, differ so considerably from the larvae of the
three subsequent stages, that in some species this reminds us of'the-change
in the larval morphological type with age, Here the first morphological
larval type coincides ih chironomids with the first larval stage, sud the

second one, with the three subsequent stages.

The structural changes of the larvae during the first moulting is

expressed ih different species'tq a different degrese, Such changes are most

striking when the change in the larval forms is connected with a profound

change in the structure of the cuticular parts, in particular with the change
in the structure of the oral apparatus, from which identification is often

made. The marked extent to which the structure of the oral parts of the 1arva:f

may change in the first moulting, may be seen from the example of Endochironomus -

. impar. Iet us present a brief description of the larvae of the first and of the

second stages of this species,

N.B., The morphological terminology is given after A.A. Chernovsky (1949).° 3
Revisor's note. The number of this footnote is missing from the body-of_
the text . : . Lo




: _‘Iafval Stage I

In the middle of the submentum (fig. 1,a) there is one friple canine.
Tts fqtal width slightly excegds’the double width of the firsf igteral canine.’
The middle portion of the central canine is longer and sligﬂtly widef than
the first lﬁferal one; its boundaries are clearly visible to the very rear
edge of the submeﬁtﬁ@,igiving>it'anAappearance of a large indepgndent canine»
which widené towards its base. ‘The lateral portiong of the central canine are
shorter énd-almost one ahd‘one-half.times narrower than fhé first lateral
canine. ~There are sii lateral canines on each side. They all decfaase | 1/88
uniformly from the céntre of ﬁhe submentum to-its sides. TheAcolour of the
caninesvéhd of the strip uniting them i1s light brown. At the centre of each
.canine is a_stillilighter strip yhich §ontinues'£o the very rear edge of the
sﬁbmentumfA Thié striation‘gifes the submentum an gﬁpearance of a coﬁb. The
paralabiél plates are pale with éAconvex front édge broken by unevenly rounded
dentiéles. Striation is not visible. The mandible (fig. 1,b) has one interior
and four exterior canines. The colour 6f the‘canines is light brown. The
index of theantenhae(fig. l,c) is 0.3.*> The arista fe;ches the distal |
edge of the fourth segment. The segments of.the abdomen have each a thih pair
of setae which often break in fixed material. The width of the body of a
1érva exceeds the length of the longest one of these'setae‘approximately by
one and a haif times. _Newbérn larvae are colourless; but become pink towards;.

the end of the first stage.

*)Thé index of the antennae is the ratio between the length of the scape and’
the length of the flagellum,
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fig. 1. Details of the structure of the oral parts of larvae of Ehdochironomgg.
jmpar and Camprochironomus tentans. :

N

a - f Fnd. impar (a - ¢ - larva of the first stage, 15 x 60; d -~ f - larva of
the second stage, 20 x 20); g - 1 - C. tentans (g - 1 = larva of the first

stage, 10 x 60; k - m - larvae of the second stage, 7 X 60); ay dy g and k =~
submentum; b, e, h and k - mandible; c¢, f, i and 1 - antenna. '
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larval stage IT.

Tn the centre of the submentum (fig. 1, d) are two canines. Each
- of the centre éanines is slightly shorter and considerébly narrower than the

first lateral canine. The bases of the central canines are located éonsiderably :

more distally than the bases of the second lateral canines. There are seven

lateral canines on each side. The first lateral canine are the largest, the EEEREN
second ones aré shorﬁer and ndfrower than the third ones, the fifth are almost

equal to4the-sixth; and the seventh canines are sméll, The canines of the |
submentum and the strip uniting them are brown.. The light stripeé on the

submentum are cleafly visible. 'the ﬁaralabial plates have a sharp external

corner bent beak-like towards the base of the head, and an almost smooth front

edge. The radial striation is clearly visible. The mandible (fig. 1, e) has

fivé brown external teeth, four of which are true and one false. The index

of the antenna (fig. 1, f) is 0.73. The colour of the larvae is pink.

- Thus, after the first moulting in the larvae of End. impar the
structure of thé oral parts changes considerably: the shabe of the submentum
éhanges completely (the tricuspid central tooth turns into a bicuspid one,
instead of the six grédually diminishing.lateral‘éaninés there develop seven
canines with ; ratié-of teeth sizes characteristic of the lérﬁae of ﬁhe older
stagés) and the shape of the paralabial plates, the quantity of the.mandibieA

canines, etc., changes.

But in certain species of the chironomids the difference in the
structure of stage I and stage IT larvae is less sharply_prqnounced. Thus;
grown larvae of the sui)gehera.Chirohomus s. str. Goet., 1937, and of
Camptochironomus K., have a submentum with a tricuspid ceﬁffgl canine,nﬂf?i;*~“

six lateral canines on each sideyand . a mandible uithlfpnr external canines.i,i'.

Tt
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These facths make them resemble the iarvae of stage I, which aigo have-the
abo%e-mentioned characteristics. The difference in the structure of stage I

and IIilarvae of thesevéubgeneraﬁhas a more subtie éharaoter and is not
"immediately_évident. Iet us, as an example,:present desgriptions of -the larvaé o

of stage I and IT of one of these species, namely of'ggmptochironomug tentans. -

Iarval stagé I.

In the Oentre of the subﬁentum'(fig. 1, g) is one triple canine. Its
total width exceeds almost three times the width of the first lateral oanine.
The central portion of the central canine is 1onger and wider than the first
lateral canine,and the latgral portlons-are slightly shorter and narrower than
the first lateral canines. There are six lateral teeth™ on each siéef They
all decrease gradualiy and slightly from the centre of the submentum towards
its sides. The teeth of the submentum and the stripe uniting thgm are yellow;
upon the lafter we'see clearly darker étripS'formdng a nuﬁber of sharp'angles
turned with4their apiceé forward. The paralabial plates have a sharp external
corner, which is not bent towards‘the base of the head. The front edges of the ‘
plates have uneven and rather large rounded denticles. The radial striation
is visible. The mandible (fig. 1, h) has one yellow internal and four light-
brown external teeth. The sword-like seta is‘well_visible.- The index of the
antenna (fig. 1, 1) is 0.36; the arista attains the middle of the fourth segment.,
The segments of the abdomen have thin setae, which often break off in fixed
material. The léngih of each of the setae is approximateiy one and a half timés .
less than the width of the larva body. The ventral appendaées of the body aré

absent. - The newborn larvae are colourless, but they soon acquire a pink hue.

* Revisor's note, From here, please read "canine" fq; "tooth",
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Iarvél stage TT,

Tn the éentre'of the submentum (fig. 1, ) is one triple tooth.
Tts width is almost three timés as great as the width of the first latersl
tooth._-Its cgntral porfion is wider, but considerably Qhorter than the ..
first lateral teeth, while the lgtérél portions are shorter and almost
three times narrower thaﬁ fheAceﬁtfallportion. ‘There are six lateral teeth
on each‘side. They decféase ftoﬁ the»centfe of the submentum towadds its
sides; £he fourth latéral tooth is equal to or eveﬁ somewhat smaller than
the fifth one. The éolpur of thg‘teeth aﬁd‘of the strip uniting them i§
‘light brown; darker strips are clearl& visible upoh:the latter; these
strips are similar to those of the larvae of stage I; The paralabial
plates have'shafp exfernal cofners-bent towards the.basé of the head, and
smooth front edges. ~The radial Stfiation is clearly visiBle. The mandible
(fig. 1, k) has one light internal and four brown external teeth.*) The
index of the antenna (fig. i,l) is 1.0, . The eighth abdominal segment has
ventral processes. They are stréight and somewhat longer than the pushers.
The seventh segment of the abdomen has no lateral processes; they appear

only in larvae of stage III. The colour of the body of the larva is pink.

The idea of the high morphological uniqueness of the chironomid

larvae ‘'of stage I was not sufficiently stressed by the researchers who carried

out the cultivation of the larvae. This is explained by & number of reasons.

*The fourth tooth li%htens and decresses with age. In larvae of stage.IV. -
it merges with the base of the mandible. : '

750"
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' fhu55 fqr exampie;~t£e!sfructuré_of the larvae of'ali the four stages was
deé;riBed only for the representatives‘pf.thq éubgenera Chironomus éy str.
" and CamPtOChirQnomgﬁb,,.exactly Qf thoge‘subgenera in the represehtatives ;

. of whiéh, . as just méntionea,>theklarvé is subjected in ité first moulting

to the least sharp changés. It is natural that in such cases the researchers
bésically only paid"atténtion tp'the absence or the poor developmént in new-

'born larvae of certain features inheren%{gdult‘larvae: hemoglobinfaﬁd,ventralA
pfocesses‘of the‘body;‘ - they’sqmétihBS[COnsideréd_as absent those_pafts

of the body which were péorly visible because of their transparency or

because of their sméll;size, as for.exahplg, thé paralabiai plates. Stuart

(1941), ﬁhoAcultivated larvae which are subjected during the first moulfing

to very considerable cﬁanges, did not pay any attention to the structurehéf

the oral parts of the newborn larvée. A.A. Zabélotsky-(l93?), who success-

fully cultivated Anaigpynig flumipes larvaeydid not esﬁablish any larval moultings,

etc.

Howevery thé idea of the replacement in chironomid larvaeyduring
the process: of growth, of two larval forms was expfesséd; This_idea'belonged
~ to the authors, who, although théy di& not carry out any cultivation of.larvae,.
nevertheless studied thg structure of the oral parts of the newﬁprn'larvae;
which differed very:considerably morphologically froﬁ aﬁult larvae (Thiengmann

and Zavrel, 1916; Dorier, 1933).

Of greatest interest to us is the statement of Dorier (1933),
who knéw the first and last stages of the Psectrocladius obvius larvae.
Dorier believes thaf during the prbcess.of growth the P, obvius larva changes
to such a degree that one may speak about the presence of two larval
morphological types in this species:ig%irst typo,hwhich lasts from the.f

moment of hatching to the moment of a certain still not established moultiﬁggi_._<:r;-




and the second one,~which ends“with-pupatidn; The aﬁtﬁof recommends that
the larva of the first morphological typeroalled : ﬁlarﬁula“f keeping the

term "larva " dnly for the larvaé of the second morphologidal type.

Lacking matefial on thé development of the lérvae,the above-mbntioﬁed'
authors could not answer the question: how and when the "deflnitive formm
originates from the "embryonal form" (the terminology of Thienemann and Zavrel
1916). 'Dorler'eXpre§ses the assumption that_the crucial moulting is the first
moulting. AThienemann (1954),withdut pfesenting new data oh.the deveiopment

- of the iarvae, . : GXpresséd now- the opinion that “lafvula", in the /91

understanding of Dorier, is a larva prior to the first moﬁlting.

Our data permit’ﬁé to éxtbnd the opinion expressed by Dorlier about
the change in the_lafvae of P. obvius during the growth process of two larval
morphological types,to ﬁany Species of the chironomids. They support the
‘assumption of this authéf concerning the crucial character of the first

moulting. The data on the development of St. gibbus 1ndicate that a change
even

in the morphologlcal type may also begingprior to the first moulting (see p. 104), °

2. Changes gradually accumulating during the

process of the formation of an adult larva.

During the growth period of a-larva.an additional number of chahges ._'i.

in its structure usually takes place; >thesé changes aré not connected with
the‘change in the morphological larval types. Such changes were disregarded
by the authors, who justly noted the transforming significance of the first
moulting, but who incorrectly considefed it as the énly and final siage in the

formation of the larva (Miall and Hammond, 1900; Dorier, 1933; Kettisch, 1938).
*Revisor's note. Appeared in text as "larvule".
x*Revisor's note. Appeared in text as “"larve".
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Gradualichanges~that take place during the moultings.

A number of morphological'transformations connected with the
ﬁoultiogs take place in the larvae gradually with each of the three moultings.
With eaoh of the moultings the_ielative length of the ventral body appendages{ﬂ
increases. Apparently the increase,*with age, of the index of the antenna -
is characteristic of all chlronomdds (Chernovsky, 1949, Konstantinov, 1952 ).

In all the 1arvae whose development we have observed, the basal segment of
“the- antenna in 1arvae of stage I is considerably shortened. During the

first moulting the index of the antenna increases the most, but still does

not attaln its f1nal>51ze characteristlc_of an older larva: it increases
somewhat with each subsequent moulting. Neither are the ofal.parts of the

| larvae fully formed after the first moulting: with.each subsequent moulting
the sharpness and the relative length of their teeth decrease, the
sclerotization of certain portions intensifies ..% or, conversely, decreasesv
sometlmes the number of certain small.parts 1ncr%ﬁgggtgg%%é¥¥%égg¥ﬁsufﬁtéra1
notches are smoothed gradually out on the central tooth, pairs of some lateral.
teeth come closer etc. . A good example of such changes is the formation of the

submentum in the Chironomus cristatus larva (Branch, 1923).

Gradual changes unconnected with moultings. A number of gradual

changes in the larvae are not connected directly with the moultings. Thus,
during the course of the entire growth period the quantity of haemoglobin
increases in the larvae. Its presence becomes noticeable at different times

in different species: in-larVae of Chironomus anthracinus, Camptochironomus

tentans and of Endochironomus impar the pink color becomes visible, according
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to our observations aiready at stage I, in End. tendens at stage II, in

Glyptotendipes gleucgs and Gl. gracilis at stage ITI, while in EQQ,
aibigg is, most often, only‘et iarvﬁl stage»IV.' A certaiﬁ elongation

‘of the ventral appendages of the body durlng the period between moultings,
occurrlng ev1dently, from the smoothing-out of the folds of the larval

1nteguments,may also serve as an.example of such>changes.

We coneider.ittmost‘benefieialvfor:the cerrect interpretation of
larval developﬁenttto distiﬁguish eieafly the'merpho;ogieal changes connected
with the change of merphelegicaltlarval t&pes from the changes that gradually’ ,
 take place in the process of larval growth. By_distihguishingvthe changee . /92 _t:
in these'twe groups it is easier‘to foresee the path to be taken by the change;
in the structure of various larvas. Thﬁs,.for example, taking into consideration .
the changes in these'two groups, one has to doubtvthe correctness of the |

hypothesis expressed by Zavrel (1926),'that'theiZavrelliella marmorata larva

moults twice before attaining its final form. ' Chironomid larvae usually do
not attain their final form during the second moulting, because the subsequent
period of growth, in partlcular the third moulting, adds to their structure

still a number of changes. One might assume that Zavrel meant by the "final

form" merely the secdnd'morphological larval type according to our understanding; - 3

however, even the 1atter in the chironomid larvae is not attained after the

second 1arva1 moulting, but already after the first one.

3., Temporary changes.

Besides the changes of the first and second groups, the accumulation
of which characterizes the formation of an adult larva, within the framework of
‘each stage we obéerve also a number of temporary changes reiersible within: the. .

framework of the larval phase. Some of them are connected, with the wear efithe_:\ -
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‘cultiauiar cover dfrthe 1arva at each stage. waards the end‘ofvfhe existence
of a stage, the teeth in the oral portions are somewhat worn off, they become
more blunt and lower, sometimes they merge with each other or are even broken
off.. Thus in larvae w1th a blcuspid central tooth of the submentum, this tooth,"
when worn off, loses. its central inclsion and becomes in its exterior - |
appearance similar to a 51mple tooth. Also the physiological condition of the
larva probably changes within the boundaries of one stage: thns,i |

have noted that a., freshly moulted larva has a lower concentratlon of haemoglobin.
An the haemolymph than a larva of the preceding stage that is close to
moultlng. The freshly moulted 1arva, in the same uay as a-larva freshly

hatched from an egg, has different proportions between the size of the head

and of tﬁe body than the larvae close to moulting; the thtinbus portions in

such a larva are still only faintly coloured.

4, Changes connected with the insect's transition

from one phase of metamorphosis to another

In chironomid larvaeyin the same way as iﬂ certain other insects
with:complete transfdrmation,_we.observe_changes connected with transition
of the insect from one metémorphic phase to another. These are the features
that remain a certain iime in the 1érvé gfter the hatching from the egg
(for example, the pfesence of‘embryonal &olk in the intestine) and the
characteristies of é riymph occurring in larvae towards the end of stage IV
(for example, on the back of 1afvae of Gl. glaucus "rocket-like traces"

begin clearly to shine through, and the thoracic segments swell and whiten).




g,

Thus during the process of its growth the larva is subjected
'to morphological éhanges of the following order:' 1) 'éhanges~cdnnec£ed.
_with the change in tﬁe mbrphoiogical larval type, and féstficted‘bgsically
~ to the périod of thé.firsﬁmouitir;g; " 2) ‘changes connected «ith the _gradual - .
formation of the adu1£ larva, and those that take place during the entire ‘ .
growth period of the‘larva: 5) cyelic cﬁanges that occur within the frame-
work of each stage; .4) .changésjconﬁected wi#hithe.tranéition of the iﬁsect

from one metamorphosis to another. .

At the preéent time;»wﬁeﬁ data>on the strﬁctufe of growing chironomid i
larvae ére still extremely scarce, éuch inférmation‘on the direction of the
changes in the morphological feafures of the larvae iS"acquiring a cert#in
practical importance. Such information may help:: when identifying larvae of /9ﬁ o
stages IT and IIT from existing identification’tables,andAprevent gross errors |
when identifying.iarvae of stége'Ia - It indicatesthat the folloking should

be considered during identification..

1. One cannot identify chironomid larvae.of stage I from the

existing identification tables constructed on the basis of morphological

features of adult 1arvaé, because at the first moulting a number of profound

rearfangements'take.place in the:strﬁcfure 6f the‘larﬁa. In particular, it
would have been erroneous to classify as Chironomus s. str. Goet. and
Camptochironomus K. all the larvae of stage I that have a submentum with
sixvlateral teeth on each side, - a tricuspid central tooth and a mandible
with four exterior teeth, sincelaccording to our observations such features
occﬁr in newborn larvae of very mahy species. Because of the peculiarity_qf
the structure of the chironomdd_larvae of stage I it is necessary ﬁo sqf:pp

identification tables for these larvae. At the present time, it is possible
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to identify a’ larva only after gfowing it to stage IT. At the end of the
>-chapter is.pfesented’a brief identification table of newborn larvae which

is merely a first attempt to compile tables of such kind.

2. ‘Tt is possible to identify larvae of age stages IT and III

from identification tabled compiled on the basis of morphological features

of adult larvae. Tt should, however, bse taken into consideration that

certaln organs change in the 1arvae during the course of the entire period

of growth. The trend of the changes to which the 1arvae of stages II - IV
are subjected during- the process of growth is as follows 1) the relation
:between the dlmen51ons of certain parts changes (the index of the antenna
" increases, the relative size of the head capsule decreases); 2) the
ratio between the width and the length of certaln organs changes; .usuallf
a tendency to their elongation is observed (en increase in the height of pencil
receptacies, in the length of ventral procésses, and in the 1ength of the |
maxillary palpi); 3) the number of small body appendages increases (teeth‘
of pseudpraaula, notches on paralabial plates) and the disarticulation

of certain body sectioné intensifies; 4) the scleroﬁizatién
of the ihtegumenté and the concentration of the hemoglobin in the hemolymph
are intensified, and because of this the colou:igg éf.the larvae bécomes

more intensive,etc. -

3. One should not be guided during the identifications by. features  -

developing in the larvae only temporarily. Thus, for example, recently

moulted larvae of stages IIT and IV may not be red, as according to the

idenﬁification tables, but light green; in larvae close to pupation or




"to moulting the double ¢éﬁtral tooth of the,éubmehtﬁm.if.often worn off
and resembles a simplé tooth; in larvae that have moulted long ago and'
particularly in thosé that have hibernated, many teeth in the oral parts
may be broken off; a recently moulted larva of stage IV may be half the

size of an adult larva of the same species. A

Identification Teble for Newborn Chironomid larvae.

1 (2) Upon the hypopharynx is a glossa with four teeth on the
' dlstal end.v The’ abdominal segments I - VII have upon each side three long

Setae.--;.v.......'.'.‘..".'-....-..‘-..-... Tanpr)dinae (H‘wl&dius SPey

Ablabesmyia sp., Anatopynia plumipes Fries., An. varius F.*).

2 (1) The glossa with four teeth is absent. The number of setae

on the abdomlnal segmen‘ts is dlfferen‘t...................-.u..-.....-......

3'(8) The-eyes‘of‘one side of the head are situated one above the /94
other. At a magnification of 15 x 40, and at a‘certain diaphragmafioq,we see
the froni edge of the paralabial‘plates. The‘antenna consists'of five segments.
The distal edge‘of:the second segmeﬁt of the antenna has two oppbsing
lauterborn organs. The abdominal segments T - VII have on each side two iongu‘
setae, the front one of which may‘be shorter£'on segment VII thefe may be énly
gne seta on each sidé.....................;...........}....,........;....,.;.g

Chironominae (some).

4 (7) ‘The central tooth of the submentum is either simple or

tricuspid..liﬁ.;..ltt...Q............'.‘................I..I..........‘........

* The development of these four species was not studied by us; published: data
were used (Thienemann and Zavrel (1916). Zabolotsky, 19373 Morgan, 1949)
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5 (6) The'central tooth of the7submentumiis simpie, approximately
twice as w1de as the first lateral one, with gentle steps on the 51des. The
submentum has three 1atera1 teeth on each side. The arch of the submentum is
concave. The mandible has‘four_true 5lack teeih. ~The rear.pushers are
cylindrical and 1ohger than the segment carrying thenm, ‘On-the abdominal
segments I- VI on each side there are two very long setae (twice as long as

the w1dth of the body segment). ‘on segment VII there is one seta on each

slde.........................................-.............StenOChironomus gibbus Fo : 1

6 (5) fhe_central tooth of the sueﬁentum is tricuspid. Its
central poftioﬁ is 1enger thaﬁ>the‘lateral.portions and the first lateral
teeth. There are six lateral teeth on each side. The teeih decreasel
tniformly from the center of the submentum to its. sides. The submentum arch
is convex. ‘The mandible has four true exterior teeth., The lateral setae of A
the abdominal segments, ere either approximately equal te each other (for

- example, in Endochironomus impar), or the front seta of each segment is -

shorter (for Bxample, in Limochironomus nel‘vosus)-b...-..---...-..o...Q...g.

eseesesss Chironomus plumosus ‘L., Ch. anthracinus Zett., Ch. annularius Mg.,
Camptochironomus tentans F., Glyptotendipes glaucus Mg., Gl. gracilis Kes
Gl, imbecillis Walk., Endochironomus albipennis lg., End. tendens F., End.

| impar Walk,, L. neryosus Staeg., Polipedilum nubeculosum Mg., and many'others)*. ‘

7.(4) Afvthe center of the submentum are two narrow teeth., There
are seven lateral teeth on each side. The first lateral teeth are not wider
than the central ones,but are rather shorter. The second lateral teeth are -

considerably wider and longer than the first ones. The subsequent five lateral

* These larvae differ in their finer morphological fbatures, which are not
considered here because of the temporary character of the tables. -




teeth'decrea£%7gggaéllly.in the direction towards the sides of the submentum,

the seventh'téefh beingivery.small. The abdominal segments I~ ViI have on

the anal<lateral corners one long thick seta each, and in the middle of the

lateral édges, one Shcrt. thin seta .eaCh.'....;.-.............,..........A.A..--.

Veeos .' ceve . o; o seee ...l"ﬁcrotendipeg_ Chlori_s Iv‘lgc

8 (3) Thefeyes'éf one side of the head are one behind another

and aré-ﬁarkedly connivent; the front ocellus is several times smaller than

- the rear one. The paralabial plates are absent. The abdominal segments I - Vi

have on the aﬂal—iﬁteial'cqrhérs one veryvlchg setg'eﬁéh (one and a half times

longer than the width of the segment), Tl the middle of each of the lateral

edges of the segments there is one;vefy,short seta. The second lateral teeth
of the submentum are not merged with the first ones. The mandible has no. -
notches along the outer edge. The antennae are less than half as long as the

Inandibles..l....ll...‘.l,..‘.‘...l...O..........!..I..l....l...........‘.l..l.l
cesessasssOrthocladiinae (Cricotopus from the group silvestris F.)

Age Changes in the Biology of  larvae.

1. Peculiarities in the Biology of Newborn larvae.

The 1iteraturq>contains data on frequent observation of a peculiar
béhavipr in newborn .chironomid larvae: they show a clear positive phototaxis,
which is not characteristic of adult larvae of the given type, as well as

an ability to remain for a considerable period of time swimming in open

water. This is recorded for newborn larvae of Chironomus gregarius (Pause,
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~1918), Ch. eri §tatus (Branch, 1923), gmptmhimms tentans (Sadler, 1935),

Qxlgghgpns ﬁgc;colg Edw., (Stuart, 1941), Ch. dorsalis (Konstantlnov, 1951&,

b, 1952, 1953), Glyptotendipes pa 1lens and Gl. paripes (Mordukhay-Boltovsqu‘._

“and Shilova, 1955) and for r’epresentatives of a nunber of other genera .

without any 1ndication of species affiliation (Alexseyev, .1955).. We have

observed thls phenomenon in all the chironomid species whose larvae the

_author had a chance to cultivate. According to information kindly supplied

by LeGe Baz' and Yu. P. Sillna,_this phenomenon-is observed also in larvae
of Microtendipes pedellus Degeer, Iimas:himnmuslszbm: K. and L, pulsus
Walk. ‘ ‘

Uhder laboratory conditions one.alweys netices a»characteristic
behavior of the newborn larvae, which consists in the fact that many larvae
that just have left the egg-mass do not remain in cases on the bottonm, as
is done by more mature larvae of pelophiles, fouling organisms ‘or -
miners, neither do they wander about the bottom as do eome predatory larVae,i
but gather at the wall of a vessel that is tuined towards the light and beat.
against it, as if trying to coﬁe closer to the soufce of the light. Tﬁe .
statement of Potonié (l936)(§hich at first glanee appears fo contradict our:

observatlons) that the freshly hatched larvae of Chironomus plumosus have

supposedly a well-pronounced negative phototaxis, is probably based upon
a misunderstanding: Potonié proceeded from the fact that newborn larvae
contained in a Petri dish concentrate themselves near the wall of a vessel

turned towards the light, at a point where a slight shadow from the glass

wall falls upoh the bottom of the dish. But he did not take into consideretion_,j-




" that the larvae gather et this shadowed-eection because their moﬁement 1s'

directed towards the source of the light, 1.e., to the wall turned towards

the 11ght.

Under natural cond1tions the larvae of stage I show, Just ‘as

in the iaboratery, a pecul;ar.behavlor: for Chironomus cristatus (Branch,‘

1923), Camptoéhifonemde]tentans,(Sadler, 1935), Cricotopus jucicola

(Stuart, 1941% and for the represehtativee of a.number of other genera
(Alekseyev, 1955),we have data that the newborn larvae swim away to

the illuminated portlons of the ‘water body, where they remaln for ‘a time

‘at the surface of the water, accumulatlng here in considerable numbers.

The presence of a temporarlly planktonic form of life is recorded also

for the Glyptotendlpes larvae (Mordukhey—Boltovskoy.and Shilova, 1955).

A Thevpeculiar behavior of newborn larvae hae caused certaine
reeearchers to'speek aBout-the dispefsing role of the lerval juveniles.<
Here some authors (Fofei, 188h: Mordukhay-Boltovskey"and Shileva;}l955)
do not consider the eewbornilarvae'able to regulate the stocking arees
of the water basin, while others (Alekseyey, 1955) do net deny thie

ability in the newborn larvae.

To elucidate the biological importance of the. peculiar behavior
of these larvae we have endeavoured to determine the causes of their
swimming upwards, the time they stay in the suspended state and the causes

for-their sinking. We succeeded to elucidate the following,




l. One cannot assume that the swimming upwards of the larvae
t#kes place mechanically because of their small specific gravity. .The
larvae can swim upwards in quiet water only by meéns bf active S-shaped
mdveﬁents of their bodies. When thié motion is discontinued, the larva
' turﬁs with its head downwards and begin to plunge at a rate of 0.4 -
0.7 mm. per second. 1However, the buoyancy of the bodies of newborn
larvae is very high:> even insignificantAupgéing qénvectional streams
' formed by water evapofation in the vessel are able to stop the plunging

of irmmoblile larvae or even to pull them upwards.

2. One of the factors forcing the larva to swim up.is the
presence in them of poSitive.phototaxis. larvae of étage.I, which have -
not yet built ééses,move always #ery fast towards a bright soﬁrée of light.
Bécause of thié, the active movement of the larva that leaves an illuminated.
egg-mass becomes immediately a dirqcte& movement., Having attained the
surface of.the water 'in a water bo&y illuminated from above, or the glass
wﬁll in a vessel iilﬁminated fromjigide,‘the larva beats agéinst this |
boundary. 'beiods of active movement}alternéte with periods of rest. /96
‘HaV1ng~¢9aééa'movement for\a while,-thpila:va'may reach the substratum
and built there its case. -:AA larva that did ‘no_t‘bu.ild its case will move |
| (éreep, swino,and~its moiemént will again be directed by the séurpe of the
light, i.e., the larva may aéain.swim,up into thé'water méss. - The larvae
swim up pérticularly actively during the morning hours. Evidently, it is
: brightvsunlighf thatAis<thé cause of mass swimming up and the éccumulatioh

in the'planktdn of larvél juveniles in small water basins that are well
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*penetrated by the sun (Branch,\l923;v‘Sadler, 1935;. Alekseyev, 1935)..

,fHowever, the lmght is not the only cause for swimming up. It has been

established that the larvae may swim up also in darkness. Thus, newborn

kmdgghirgngmns_lmpar. larvae, having left the deep cylindrical ogg-mass

lyingvon the bottom, rose to a height of 45 cm even when the vessel had ‘A

~;§emained‘in complete-darkness after the egg-mass was placed into‘it.l

Neither does the t1me of the transition of the larvae to a settled life

‘on the substratum co1nc1de with the moment of change in the larvae of the

o phototaxis 51gn. Although the phototaxis remains, as a rule, positive

even in young larvae of stage IT, the larvae are capable of bu:lding

cases, aceording to our observations, already on the first day after

emergence from.the egEg-mass.

3, Tt was noted’ that the length of the vagrant,in particular
of tne planktonic, period ofllife dependsyin the newborn chironomid =
larvae, in the majority of cases only on the presence or absence'in the
substrateiof suitable conditions under which the larvae may conduct a
settled‘way of life, Thus, larvae of_thxQngmus_anihzaginns recently
.emerged from an egg mass and placed in cyllnders on the bottom of which
was a thin layer of plant detritus, began immediately to build their
cases., After one-hour, 30% of the larvae had already finlshe& cases.
The larvae in these cylinders did not even swim up. In the cylinders,
however, which did not have on the bottom material for the construction
of casings and for feeding, the larvae swam up and were boa&ing at the
411luminated wall of the vessel for many days, sometimes mo;e than two -V

weeks. The same phenomenon could be observod also in the Petri dishes:

when a thin layer of detritus was present on the bottom, the 1nga§; -

built ‘cases on the day of,their empfgence_from.tho‘egg mass, and only;f~v
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rare individpals were swimming et.the 11luminated wall of the vessel;
in the dishes,.hewevep, filled ﬁith pure:tap ﬁater,'iarvae that had emerged
from an egg-mass were poundiﬁg at the illuminated.edge of the”dish fo:"

several_days until they starved to death.

_ One of the causes preventlng the larva from settling and forcing
it to come to the. surface is overpOpulatlon,uhich is occaslonally observed
in vessels where the larvae are kept.‘ It should be noted that the larvae
l1v1ng in cases ﬁave no poss1bilitles to build thelr cases too close to o
each other. The ‘minimum distance between the cases is the body length
of the 1argest of-the neighbouring 1arvae. This is explained by the fact
that the newborn 1arvae feed by 1ntens1ve1y scrapdng up the substratum |
around thelr houses (chambers)._ Feeding in- this manner, each larva
hinders another one from rebuildlug its house. within the boundaries.of
its activity sphere. Thefefofe_only a 1imited number of houses can have -
space on the bottom of the vessel. After the bottom of the vessel and -
the'lower parts of the wells, which are slightly covered with detritus,
are covered with:cases, there is nelplace for the new larvae, hatche&
“from fhe egg-masses 'later, to "settle, and they swim up ‘tdwards the source
of the light_and'accumulate at the illuminated wail of a Petri dish or
rise upwards>in>tell cylinders. Undef.conditions~of such dverpopuldtion
the larvae often dlsturb each other trying to get inside each other's -
cases. The larvae that have been disturbed often leave their houses and
join the larvae which are swimming in the water mass or which are

accumulated at the illuminated wall of the vessel.;

A
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In such vessels the planktonic period of life of the larvae may

-be considerably prolonged.‘ Thus, the larvae of Chironomus plumosus

which had qnerged from an egg-mass lying at the bottom of a cylinder (the
frbottcm of the vessel was covered by a thin layer of vegetation detritus)
behaved in the following manner. A portion of the larvae, during the
~ very first days after their emergence from the egg-mass, covered the
;entire bottom of the cylinder with cases at uniform distances from each
. other. The;remaining larvae, devoid already of the pOSSIbllity to puild
~‘caseslon the. bottom, rose upwards and for a period of 17 days wers heating
.against the cylinder wall turned towards the iight. = At tises thev
.came up to an altitude of 30 - 40 em, then plunped ‘or temporarily settled
on the bottom, in order to again swim upwards shortly after and join tns
,larva group beating against the wall of the cylinder. -Under the conditions
of this experiment the swimming larvae, . evidently, were feeding both at
the bottom of the vessel during their short plunges there, and also in

 the suspended‘conditionuduring theiriplanktonic life.

- The ability, while swimming, of newborn chironomid larvae to
swallow food particles suspended in the water was noted by A.S. Konstantinov
,'(1952 and 1953) who discovered that the sw1mming 1arvae of Chironomus

dogsali ! swallow particles ‘of India ink suspended in the water.

articles of detritus .

FoD. Mordukhay-Boltovskoy and A.I. Shilova (1955) also foung)\m the-

‘intestines of newborn swimming Glyptotendipes larvae.

However, in both cases the possibility was not excluded that the’ larvae
| were feeding at the bottom, during their brief plunges, or collecting 1nk
.'and detritus particles from the walls of the Vessel. The experiment
below, it seems, proves the ability of newborn larvae to feed in suspended

o statea .
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| In order not to give the newborn larvae an opportunlty to feed
_during ‘the - experlment on the bottom,we placed them in a Torricelli tube
'filled with a suspension of India ink. The major part of the larvae
.‘ddring‘ﬁhe experiﬁenf (it.continuéd 30 minutes)‘moved from the tube
into tﬁe dish. ‘These larvae were considered as having left the expgrimenﬁ;
since they had been in the vessel on the bottom of which ink particles
might have~beén presént. But concernlng the larvae which after the end
of the test were dlscovered 1n the tube,one might say with certainty
~ that for them the_pqss1bi11ty.to feed on the bottom was excluded: the
iafvae that moved from-the'ngfrow (diameter 1 cm) tube into the wide dish,
actually could not returnAinto‘the tube during the experiment. In brder
that the larva shouid not settle upon tﬁe wall of the‘tube and scrape
éff.ink particles sgttled here, the tube during theAehtire experiment
'was-contihubusly'and sharply rotated betweeﬁ the fingeré (clockwise and
then immediately coﬁnterclockwise>. The larfae from‘thé tube tﬁat weren
inspected after ihe termination of the test had neverfhéiess ink particles.
in their intestines. For the experiment were used newborn larvae of

.ulypiniﬂndlpﬁs glﬂggus and of_ﬁlz grac111 » The test was repeated

several times and gave consistent results. _

Speaklng about the feeding of the newborn larvae, it is 1nteresting: o

to note that a certain quantity of embryonal yolk is found in their
“intestines. This fact was recorded by Miall and Harmond (1900) for

the newborn larvae of Ch. dorsalis. It is possible that the yolk

suppofts initially the existence of the larva, whichjafter emergence from
the egg-mass, encounters conditions in which there is an acute shortage of

food.
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‘Thus tﬁé'obééfvations carriodIOut to elhcidata the biological

’signlflcance of the sw1mm1ng upwards of newborn larvae, - have shown that

the 1atters stay in the plankton during a certain more or 1ess prolonged
period of time is not, evidently, necessary: under suitable conditions
the larvae may setﬁle'immediaﬁoly after emergence from the egg-mass.

The capacity for a planktonic.mode of life which the newborn larvae have
(buoyancy and ability’to feed in a suspended staté),gnd the positive
phototaxis c_harae'teristic of 'f;h‘em,“ in aoco_rdanée'wi’c.h which the»light

has a certain activéﬁing offect upon theilarVae (it forces the homeless
créeping larvae to tear themsel?es away from the substrate and to swim) -
all these are adapfive features that facilitate for the larva the finding
of suitable habitats and that aid it to avoid overpopulation. The young
larva may settle many tlmes upon the substrate and each time leave it
agaln, if the condltlons that it finds there are not suitable to it

The larvae whlch swim up may be taken and carried away by the waves and l
currents rapidly frOm places where the living conditions for the larvae
were‘found to be unsatisfgctory. In small quiet water basins, of similar

importance, ev1dent1y, is the horizontal shifting of the larvae swimming

after the movement of the sun. Naturally, not forall newborn larvag/%hese~

wanderings end favorab]y;and many larvae perish.

* Our data concerning the presence in the newborn chironomid larvae of

selectivity in respect to the substrate agree well with published datsa
concerning the presence of similar selectivity in pelagic larvae of

many marine benthonic invertebrates (Savilov, 1949; Wilson, 1954 and
others).

L v e < et o
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2. Changés in the Biology of Growing larvae.

The bioiogy of the éhironomid larvae after their settlement
upon the substrate continueé to hgv§ pertain changes during the growth
ppocéss of the larva. - In lérvaé a change'of the phototaxis sign takes
' place; In thxgngmgs greggriu§ the sign of phototaxis changes to
negative during the. period between the beginning ghd the middle‘of the
second larval stége (Pause, 1918). In_Ch. crisfatus (Branch,.1923) and

in Camptochlronomus tentans (Sadler, 1935) negative phototaxis was noted

by the authors at the stage IIT. The change of the phototaxis sign in

larvae of Chironpmus dorsaiis (Konstantlnov, 1952) takes place after the
first moulting. According fo.the observations of N.K; Alekseyev, 1955)
the larvae of various ecological groups'may-ldsé the sharply prohounced
-positive phototaxis of stage IT. According to our obsérvations,the sign
of DhototaXls changes in a number of larvae durlng stage II. The sign
of phototaxis has an effect on the selection by the larvae of_thé

construction place of the case in the laboratory vessel.

' There are_only Tew published data on the age changes in the
biology of settled growing chironomid larvae. According to the data of
Alekseyev (1955) the miners and certain pelophiles live during the iﬁitial
period in cases‘attachéd to the_surface.of the underwater portions of
plants. According to our observations, the 1arvée capable of filtration
feeding during the initial time feed (more often than grown larvae) by

means of collecting detritus around their cases.
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In 1arvae'9fléertain species é regular gradual chénge in

.habitat takes‘place with age, a phenomenon that may:be called age

migratioﬁs. This phenomenon is well described by Branch (1923) for
.Ch.;crisiaius larvaé: on-thé:third and on the fourth days of their

iife the larvae of~stage I build caSeé;on floating:portions of plants

and upon projections of stdnes near the shore. While in stage II théy
occur considerably deeper than the stones and the vegetation, and during
sfages III_and iV theyrplunge tonthe Eottom wheré they lead the life

of typical pelophiles. A simil#r'phenomenon is recorded by NeK. /99.“
Alekseyev (1955) for the peléphile_larvaé of Chironomus f.l. plumosus
and by A.F. Guntko (1955) for certain,rheophiles. According to the |

data of L.G. Baz' (present compendium),in larvge of Microtendipes gr.

chloris one observeé_also‘ that, with age, migration from water level

to the depth of the canal takes place. According to our observations,

the phenomenon of the age migration is observed in-the Ucha Reservoir

in larvae of Chironbmus annularius. Egg—masses'qf this species,
attaching thémseivés to the surface of submerged objects, at times
accumuléte in considerable quantities at the littoral.* Here also
stay‘the newborn larvae hatched from the egg-masses. However, adult
larvae of this species live ¢n the silty bottom of the sublittoral or

of the profundal and do not occur on the littoral.

* Under natural conditions the females of the majority of chironomids

drop egg-masses in water without attaching them to the substrate,.
Egg-masses of many species are capable of staying for a certain period
of time on the water surface. The attachment of the egg-masses to the
substratum takes place when the sticky portion of the slime of the
egg-mass comes in contact with the surface of a submerged or a semi-
submerged object.




-of this species are restricted more rigidly than larvae of the preceding
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However, apparently, it.is not characterisfic of all the growing
larvae of the profundal to undertake considerable age-migrations from
the water surfacé to the dépth. Thus, during the pqriod of the_ﬁass

oviposition by another "deep-water" species, Chironoms anthracinus,

its egg layings were not observed near the watér.surface. Adult larvae -. - o

species to-greaier depths of the profundal (Sokolova, pressnt compendium).

' Tts females throw the egg-masses far from‘the‘shore dbove those depth

from where they émerged themselves. The egg~-masses soon go down and
plunge to the bottom'approxiﬁately at those points where adult larvae
of the same species are living. SimilgrioviPOSition, far from the shore,

was observed earlier by other authors'(ﬂbsénberg-lund, 1909, 1913;

‘Zschokke, 1911; Thiehemann,_i922 and othérs). 'There 1s no doubt that the

fate of the larvae that have‘emerged.frOm-eggsmasées Qccuring at considerable
deptﬁ differs from the fate of larvae thgt have emerged from littoral
attached egg-masses; it is, ﬁowgver, doubtful that lﬁrvae that have
emerged~from."deépwatér" egg-masses would rise from a depth of many metres
to the surface of the water;ieaving places which were apparently specially

chosen for them by the females (Kalugina, 1957).

Laboratory tests have shown fhat newborn larvae of Ch. anthracinus
are capable of swimming in water similarly to the larvae of the littor;l
speciés. In a cylinder 0;5 mvin height, illuminated from above by a bright
laﬁp, they may rise to the very surface of the water, buf in cylinders
that are dark from the sides and poorly illuminated from above they do not

rise higher than 12 - 15 cm.
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In surface catches by means of a plankton net over considerable

depths during ﬁhe periods of oviposition of Ch. anthracinus, no newborn
lar#ag of this species were detécﬁea‘in the blankton. However; in bottom
catches by means.qiigrezeAtréwl (qor}ect spelliﬁg unknown to the |
translator) we were finding larvae ét fhese depths. The flight of
Glyptotendipes glﬁgcus tpok place simpltaneously with_Ch., anthracinus,

the former:being a denizen bf'theviittsfai. Its egg-masses are thrown

by the females near the water level and are attached in mass quantities

to submerged obgects at the littoral. Newborn larvae of this species,
without occurring in the same catches with the Greze trawl, . ' werse
repeatedly caught in the above mentioned surface catcheq. Apparently,

the newborn larvae of Ch. anthrgcinus that have emerged from egg-masses
lying in the depth do not leave these depths, if they find there conditions
suitable to them. It is possible'that in poorly illuminated depths the
larvae rise above the bottom to a small altitude, as they did in the
1abora£ory vessels. Here they may be carried away by the bottom currents /100 ‘
to a certain distance from'the egg-mass. No such considerable and 4 |
regular age migrations of growing larvae, -as one observes, for example,

in Chlronomus crlstatus (Branch, 1923) apparently oceur in specles

similar to Ch. anthrac1nus.

Growing and grown larvae of species in which until now one had_
not observed any great age;mdératidns, also have the ébility to‘change
places of habitation, 1ooking for more favourable conditions. Thus,
the predatory vagrant larvae of tanypods constantly move in search of

food, and the semi-settled larvae of orthocladiae often wander. Even'
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settled chirohomid larvae living in cases may change their place of | G

habitation. How often the settled larvae of the older stages may wander
can be seen in tha example of Endochigonomgs»albigennis, the larvae of

which live in cases on the sﬁrface of-qﬁjects immersed in the shallows.

‘The older larvae of this speciés s0 offen leave their dwellings and. are

carried so far away by the waves, that theif cases rapidly appear on any
laboratory instrgments hung on buoys far from the coast. Therefore ihA
the'Borutskyuﬁraps placea:abbﬁe considerable depths, ‘often soon after

the Setting up of the instruﬁents, to thé astohishmentvof the,reéearchers,,

begin to emerge green'gnaﬁs of fEnd. albipennis, the larvae of which, as

we know, are restricted to small depths. The larvae of this species wander
S0 ofteh over a water body possibly because they have the ébility to
leave their cases at the least alarm: for example, during careful

measurement of water in the dishes with the culture of Ind. albipemnis

'larvae, the ma jority of them usually jump out Bf their cases and‘begin
to swim in the water. During identical procedures the larvae of other
miner species or of species living in cases demonstrate considerably
less anxiety. _Nevertheleés these lafvae”aiso often occur in plankton.
We have information that larvae of certain épecies legve their cases
by night and>3wim\about in the water. Such obsérvétions are made by
Pause (19185 oﬁ Chi ronomus gzggg;ig§ and by Sadler (1935) for stage IiI

of the larvae Camptochironomus tentans. We had an opportunity to bbservel

this phenomenon in adult iarvae of Glyptotendipes gracilis, Gl. Glaucus

and BEndochironomus impar.
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The larvae of these.species are capable even of leaving the

vessel by night in which they are kept, by crawling over the wall.

A1l these wanderlngs are ev1dently connected with the search’ for '

better conditions. Thus, it has also been noted that at the sllghfest
stagnation of the water the larvae usually legve their houses togéther
and wander about thé vessel." Also evidéntly the seasonal migfations

of many chlronomld larvae are connected w1th 51ma1ar wanderings in
search of more favourable>cond1t10ns. However, not all the grown larvae
succeed in activély'leéving the places in which unfavourable conditions
have occurred,-ahd some of them perish‘ Thus, for example, durihg the
winfer in water reservoirs the miners of piles and stumps freeze’té
death when the piles and stumps stick out from undér the ice and snow,

when the water level drops.

3. Concerning Bidlogy of the Nymph.
The behavior of the larvae of stage IV changes sharply p_riof
to pupation. The larvae living in cases rebuild their houses. AThus,

for example, the-plant—tiSSueémining larvae of Glyptotendipes imbecillis

gnaw at one end of the mine a U- shaped flssure in the epidermisy this

forms a valve through which the chrysalls may leave the mine. The lgrvae

of Gl. gracilis make the epidermis thin at a small section at the end

of the mine, and the chrysalis leaves it tearing through the center of - )101:

the thin layer.

The chironomid nymph does not eat. If artificially deprived of

its house, the nymph usually cannot, anymore, build a new shelter and.
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often perishes in such cases during the pupation.

Accordlng to the observatlons of A. A.. Zabolotsky (1939) in
the larvae prior to pupatlon, the negative sign of the phototaxis

changes. to a p051t1ve one.

Connection between the morphological and the

biological age changes in larvae.

Zavrel (1926) explains the considerable morphological uniquehess l
of tﬁe newborn chironomid larvae by their primitivity and by their
greater closeness to the ancestral larval form.A it is difficult to
Judge the aceuracy of the statement expressed by Zavrel on the basis of
the limited material in our posse551on. The follow1ng fact, however,
is evident. The elder larvae of the chironomids of various species
(or various groubs of species) have usuaily well-pronounced morphologiéai
distinctions used by specialists as taxonomic featufes. Tt is possible
that the origin of e number of such features is connected with the narrow
adapfability of the larvae of different epeeiés to different complexes,
specific fof each species, of environments. But, as a rule, in the
structure of newbofh larvae these morphoiogical peculiarities are still not
fully manifested. Consequently, the newborn larvae of different'taxoﬁomic-i-
and ecologicel groupe manifest e considerably higher morpholoéical
similarity to each other than larvae of the same species when grown up.
Thus, in speeies with.extremely narrowly specialized 1arvee, the newbofn
larvae do not yet have any features of such a narrow specializatien.

A more extensive adaptability is beneficial to the newborn larvae, because




after-the emergehce from the‘egg-mass they do not always succeed
immediately in getting into conditions suitable for the development of‘.
theAlarvae}of the speoies in question. Occasionally they have.to‘live
through a prolonged period of migrations and to exist for some time

in the most dlsparate biotOpes, sometimes completely unsuitable for

larvae of the glven species.

let us,follOW'throhgh, using the example of Stenochironomus
gibbussthe connection between the morphological and the biological

age changes in a larva.

’TMlumewsmmmnﬁmwgggsuemwwhsmdﬂnﬁ
nx:‘Lners. In the Ucha Reservoir they occur almost exclusively inside
rotten wood decaylnp in the water. The body of the grown larva
Siengghlxgngmgs_glbbgs, resembling in lts shape the body of a wood
mining larva of the metalllc wood borer [Buprestidaej is not adapted
to moving outside of the substratum which it mines. It is not capable
either of the wavy S-shaped swimming motiors characteristic of
chironomid larvae,'or of the looping, measuringawormlmovement equally
characteristic of the same (terminology of Zenkevich, 1944). A larva
artificially taken out from wood contorts helplessl& on the bottom of
the water vessel, until it attaches itself to a.piece of wood, brought
to it, which it begins to enter. In connection with the fact that such

larvae cannot independently move about in the water medium outside of

-wood, it remains a mystery as to how the larvae of Stenochironomus

gibbus after emergence from the egg-mass succeed in finding in a

reservoir such a narrow specific biotope, as for example, an indiviﬂﬁally* o

standing submerged tree stump. The study of the develOpment of the 1arvae .1._-

aids in answering this question. Tt turned out, that the newborn 1arva
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St. gibbug is completely different in its external appearance and

behavior from a grown larva-of the same species. let us compare the /102, -

larvae of stégés I and IT of St. gibbug.*

‘Where the grown larvae of St. bbus have a body with an’
exténded muscular thorax and.a.thin long flabby abdomen (Fig. 2,\1);
Vthe.newbérn larvae havé'a bédy.of the characteristic "chironomid" shape
- (Fig. 2, g) and swim well by.means.of sthaﬁed body motions. ‘In‘iarvae
1_ of stages IT - IV the-puSher; are ﬁQt-adapﬁed for crawling along the.
surface of the substrate: the front pushers 1m0k.iike a low ridée with
short hooks, and the rear ones (Fig. 2,.k).are very short and directed
towards the rear. In_pewborh larvae, however, the front and the reér

pushers are well developed and excellently adapted for crawling (Fig. 2, j).

The oral portions of the newborn larvae (Fig. 2, a, b) are heavily /103

scléfotizea, as in 1arvae_of~thevsubsequent stages (Fig. 2, d and e).

But in their struéture they are someﬁhat less narrowly,specializéd.

Thus, a mandible of a moulted iérva.(Fig; 2, e) has.a rectangular base.
Its medial siae is very wide and together with five teeth (from the Side
one seés only ihrée,of them) forms a wide concave "scobp",'which is adaptéd'
only for the gnawing and swallowing of wood. The.mandible of the larva |
. of stage I (Fig. 2 bj has a triangular base. Tts medial side is narrower,
its teeth are arranged one above another. Such form of the mandible-is
more universal, and is characteristic of many omnivorous larvae. A1l

this makes the newborn larvae adapted to search for suitable biotopes:
they move easily within avfree water medium and may exist at first in
‘more diverse conditions than grown larvae. ~The,distribution of the larvae
of St. gibbus by stages is evidently carried out basically by this ‘mo»bilAeA

life form, i.e. by the newborn larva.

*The descrlption of the metamorphosis and of the larval stages of o
Stenochironomus gibbus is presented in a separate paper (Kalugina, 1958)
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- /102 :
(continued)

Fig.2 The structure details and general aspect of larvae
of Stenochironomus gibbus.

a - f structure of the mouth portions and of the antennae (a -~ ¢ - larva
of stage one, 10x60; d = f = larva of stage II, 10x20); a and 4 =
submentum; b and e ~ mandible; ¢ and f - antemna; g - i - general

aspect of the larvae (the bodies of the larva are somewhat flattened

out by the cover glass); g - newborn larva (h - larva of stage 1 from

wood; i - larva of stage IT); j - the end of the body of a larva of

stage I; k - the end of the body of a larva of stage II.
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The above-mentioned morphological features bring the newborn
larvae of Ste gibbug closer in appearance to the grcwn‘mobile larvae of

such sp601es, as, for example, Endochironomns albipennls,than to their

own grown larvae. It is p0551ble that - here is expressed the or1g1n .of
St. gibbus from a form with a free-living mobile larva. ‘However, a
number of morphological features disiinguiehiﬁg the'neﬁborn 1ervae from not fuily‘ 
grown lar;ae,.originate-in theﬁl:the fqrmef] evidently, secondarily, in o
connection with their ability to lead a pléhkﬂonic.ferm of 1ife. Thus,
the newborn larva of St. gibbus hAS;besidesxthe features of the mobile
ofggnism, also additional features of a planktonic organism: loﬁg setae
piotruding to the sides upon the abdominal segments; Most probably this
is a secondary featﬁre assisting the larva to stay in suspended condition

during its wanderings.

‘In all the~qhironomid species whose development we had fhe
oppertuhity to observe, the ﬁewborn laryae have a greater mobility than
the-grOWn larvae: ‘they crawl better and swim considerably better. This .
may be explained by the special part the newborn larQae play in ontogenesis,

: which.requires greater mobility. The female Selects, only aperaximately,
during oviposition, the biotopes of the future larvae. The larva that

has emerged froﬁ the egg-mass has for the first time in its life to

‘seek for itself a suitable microbiotope for its development, a fact which o

| "may be connected with considerable migrations. Furthermore, the larva

that has emerged from the egg-mass is compelled in certain cases to avoid
-actively the crowding that may develoﬁi?ﬁe maternal egg-mass. In this
connection it is interesting to note that in newborn larvae of St. gibbus

the features of the moblle and the features of the planktonic organism are' :

considerably more strongly pronounced than in young larvae of other speqiestQAL o
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that have not lost their ﬁébility eveh in tﬁe older larval stages.

It apﬁears herenﬁhéﬁ the revgréé relatibn is expréssed betweén ﬁﬁq
ability of larvae of the first stage to migrate in a water body,and
the mobility of'lafVae:§f older stages. Thus, not a single one of the

newborn larvae known to us‘hgs éuch long setae upon the abdominal segment s

nor is capable of such fast movement in the water, as a young larva of

- St. gibbgs of‘stage‘I: by means of sharp and frequent'S-shaped movements

of the body it moves very quickly through the water, being able to cross
in 15 - 18 éeconds such a vessel as a Petri dish. Iﬁ is interesting to
compare the movement rate in the water of larvse of stage I of different

species (see table)..

b1,

Table
Speed of Movement of Day-old larvae
, ‘ N . Speed of Movement
Name of organism - Length of body, | Absolute Relative
' in microns in microns/ '
S€C. ’
" Chironomus pluIHOSUSl.;o--ooooooon--- ) . 910 2180 | 2.)4‘
Glyp'to‘tendipes g;l.auCUSo csvens IXERXRY . 800 11440 l. 9

n ' raCiliSat--o-oocoo-o i 720 1750 2.14'

n imbeci hSoc-cqobnnno 650 ] 1688 T 2.6
StenOChironomus. gibbus seeevssces aee 710 40“'7 5.7 .
}meChironomuS impar- sesecvesssscsee 650 1379 2.1

. 4] albigennis sssvsssv e ) 650 A ’ 1567 2.4

As we S§e,from the table, the relative speed of movement of newborn B

larvae of St. gibbus is more than twice that of any other newborn larva -
'among the species studied. This may be explained by the fact that

because of the loss of the abilities of grown mining larvae of this species

to move in a water body, the task of finding a suitable substrdfe is placed

ﬁpon the newborn larvae to a greater degree than in other species, the

‘larvae of which retain the ability to migrate at all the other stages:

the place chosen by the newborn larva is already permanent for the groﬁp.
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larvae of St. gibbus. Furthermore, the narrowness of the biotope in

whose conditioné the larvae develop is gpparéntly also important: search

_for tree stumps énd,stumps_with roots) dispersed in a water body involves

very considerable migrations. Out of the six remaining species;the ones
least adapted to life outside of the mined substrate are the grown larvae

of Glyb{otendipeé imbeéiliis, which occur inside the fresh stems of arrowhead

and rice. As Wwe. see from the table, the newborn larvae of this species

also exceed somewhat the remalning ones in relatlve movement rate. It is.
possible that such a_cpn51derable rate of movement and the unusual length

of the setae‘on thé body;segments in neﬁborn lary#e of St. gibbus will find,:.
invfufure invéstigations, a different.explanaﬁion. Thus, for example, one

may assume. that fﬂey are connected with the increase iﬁ the weight of the
cuticula of the head in larvae of this species (during swimming they

compensate the increased specific gravity of the 1ar#a).

The larval dlmorphlsm recorded by us in,ﬁt4_gzbbns which manifests
1tself in the change by the larva of its life forms during its development, -

does not constltute an exceptional phenomenon in the world of insects.

Tt should be noted.that in our case thé-change.in the lifé form
of the larva takes place already prior to the first moulting. Having

found a.suitable substrate, the larva of Stenochironomus gibbus of stage I .

penetrates into woodyand sooﬁ thereafter changes the shape of its body.
The thorax of thé lar?a widens, while the abdomen elongates alm&;t by three
times. The larva acquires in this manner a "woodborer—like".shaﬁe of the .
body in the mature larva. A late larva of stage I of S5t. gibbus taken
out of wood behaves the same as larvae of older stages of tﬁe sahe,species:

it wriggles helplessly on the bottom of the vessel, almost without, propelling. v
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itself anywheréi?%ithbut showing any positive phototaxis. .But right
to the first mouliing, it retains_iﬁ the structure of ité cuticular
portions featureé of a mobile planktonic orgénism- iong, retr;c£ablé . /105
pushers, setae upon the abdominal segments and ‘long pencils. . All these
features are lost after the first moulting, when the larva obtains, in
all‘respects, thezfeatures qf narrow spec1alizathn. Thus, here the
change of the life formfsomewhat forestallé, #S it were; the complete -
- change df the structure. Replacement of the cuticula ié possiblé only
after moulting, aﬁd in order to moulﬁ, the iarva mast grow, feediﬁg
intensively upon its specific food:'_wood, 1.04, it-ﬁust alreaay prior

to moulting switch over ffbm its free form of 1life to mining..

Thus, in St. 53 bus, because of the narrow, one=~-sided spevial-
'1zat10n of the larvae, it is easy to observe the connection between certain

of thelr morphologlcal and blploglcal age changes.
~ CONCLUSION

From the moment a larva has left its egg to the>moment’of.pupation-
a nuﬁber of changes.take place in its.structuré. AThé larvae of the first
stage differ so much morphplogically from the larvae of the three subsequent L
| stages that for.their identification is required'a compilation of an | |
indépendentkset of iaentification ﬁables. Changes that take plaqe in the
structure of the larvae after the first méulting have the chafacter of v
small, gradual quantitative changes, a fact that permits the identification
of larvae of étages IT - IV according to the same identification table
compiled with consideration of age chﬁnges of the larvae helonging to

these stages. The chironomid larvae of stage I, because of a number J‘.




of thelr morphologlcal and physiologlcal pecullarities, are well adapted
to search for condmtlons suntable for them and occaslonally also for larvae

of all subsequent stages. Durlng their wanderings, ‘the b1ologi0a1 cause

of which is the search for better conditions, the larvae may dispersé far -

in a.wafer‘body; a fact contributing to the settlement:df'the,individuals.'
- The age changes in the.bioiogy of growing larvae have still been studied
only to a llmlted extent. TIn the majority.of species the lafvae are not
dev01d of 'the ability to change the places of their habltatlon during all
the stages of growth. In some SpGCleS one observes a regular change,

with age, of the habitation places, a phenomensn that may be called age
migration'of the chisonomia lsrvae, A connecfion between certain

‘morphological and biological agé changes in the larvae is distinctly’

manifested in Signoghjronomgs gibbus.
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