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Abstract:

Sawfly larvae normally absorb contact water during the latter part of diapause and early prepupal
development. Moisture thus absorbed is unnecessary for diapause development but is sometimes
required for the initiation of post-diapause morphogenesis. Desiccation at 25° C. or higher had little
effect on diapause reinstatement in undeveloped postdiapause larvae in their stubs. Moreover, previous
dehydration at 0° C. did not enhance the diapause-reinstating activity of heat. Prolonged desiccation at
0° C. often prevented the initiation of post-diapause morphogenesis in larvae subsequently incubated
moist; in other larvae it only delayed morphogenesis.

Ligation showed post-diapause morphogenesis to depend upon the secretion of a differentiation
hormone from the prothorax. Its secretion, in turn, is prompted by a stimulatory substance from the
head. Blood transfusion showed diapause to be primarily the result of a lack of differentiation hormone.
It is proposed that the original stimulus releasing the endocrine mechanism is exerted by the nervous
system, and that diapause development is a conditioning of the insect preparatory to the nervous
system's becoming suitably activated.

In larvae just out of diapause, heat at first stimulates the endocrine mechanism, and thereby the
initiation of morphogenesis. Longer heat exposure reinstates diapause, presumably by destroying the
activated endocrine mechanism. Diapause can not be reinstated after the differentiation hormone from
the prothorax has been released. That the developmental block induced by heat is a true diapause is
confirmed by the fact that it can be eliminated by chilling. Chilling, however, was unsuccessful in
eliminating the developmental block introduced by dryness. Because of this and other differences
between the effects- of dryness and those of heat on the initiation of post-diapause morphogenesis,
presumably the results of their influence on the endocrine mechanism, it is suggested that the
developmental block caused by dryness is not a true diapause.
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ABSTRACT

Sawfly larvae normally absorb contact wabter during
the latter part of diapause and early prepupal development.
Moisture thus absorbed is unnecessary for dispause develop-
ment but is sometimes required for the initiation of post-
diapause morphogenesis. Desiceation at 25° C. or higher had
little effect on diapause reinstatement in undeveloped post-~
diapause larvae in their stubs. Moreover, previous dehydra-
tion at O° C. did not enhance the diapause-reinstating activ-
ity of heat. Prolonged desiccabion at 0° ¢. often prevented
the initiation of post-diapause morphogenesis in larvae sub-
sequently incubated moist; in other larvae it only delayed
morphogenesis. C ,

Ligation showed post-diapause morphogenesis to
depend upon the secretion of a differentiation hormone from
the prothorax. Its secretion, in turn, is prompted by a
stimulatory substance from the head. Blood transfusion
showed. diapause to be primarily the result of a lack of dif-
ferentiation hormone. It is proposed that the original
stimulus releasing the endocrine mechanism is exerted by the
nervous system, and that diapause development is a condi-
tioning of the insect preparstory to the nervous system's
becoming suitably activated.

In larvae just out of diapause, heat at first
stimulates the endocrine mechanism, and thereby the initi-
ation of morphogenesis. Longer heat exposure reinstates
diapause, presumably by destroying the activated endocrine
" mechanism. Digpause can not be reinstated after the dif-

- ferentiation hormone from the prothorax has been released.
That the developmental block induced by heat is a true dia-
pause is confirmed by the fact that it can be eliminated by
chilling. Chilling, however, was unsuccessful in eliminat-
ing the developmental block introduced by dryness. Because
of this and other differences between the effects.of dry-
ness and those of heat on the inithation of post-dispause
morphogenesis, presumably the results of their influence on
the endocrine mechanism, it is suggested that the develop-
mental block caused by dryness is not a true diapause.
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INTROBUCTION
Farstad'in@1938 observed the failure of post~dia~

pause larvae of whestfhtem sawfly (Cephus cinctus Nort.) to

develop during a hot dry spring. ‘Salt (1947) confirmed that
diapause, though once broken, could be reintroduced by the
action of heat. Exposure to 35° C. for 25 days during the
larva's transition from diapause development to p&st-diapause
morphogenesié caused all larvae to revert to diapause. On
the Gfeat Plains heat and drought are usually closely associ-
ated, so the possibility presented itself that dryness, too,
might influence the reinstatement of diapause.

Only one other indication of a possible similar
reinstatement of diapause was found in the literature.
Prebble (l941b) observed that a dry spring preventgd ‘the
development of Diprion, which undergoes a prepupal dispause.
In a bivoltine race development coﬁmehced if water was
supplied later during the summer, but members of a.umivoltine
race did not so respond. Possiblj the latter had been
returned to diapause.

Such a uniqﬁe event in the life histbry.of an insect
as a reinsfatément of digpause warranted further in;esti—

gation. The possible influence of dryness in returning
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C. cinctus to diapause was of particular importence and was

chosen as the subject of this work.
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REVIEW- OF LITERATURE

A discussion of literature pértaining to diapause
in general is presented in the first part of this section. It
is fol}owed by more detailed accounts of literature dealing
with relationships between moisture and dispause, the "hormone
failure" theory of diapause, and diapause in C. cinctus, each
of which directly concerns the original work to be presented
in this thesis.

Much has been learped about insect ecology and
physiology since the phenomenon of diapause was recorded by
Duclaux in 1869. Many diverse records on diapause have been
reporfed, especially in relation to ecology. Howevér, the
real nature of diapause remains unknown.

Wheeler (1893) invented the term "diapause” to
describe a\stationéry period during blastqkinesis in‘
‘Xiphidium. Henneguy'(l904) extended the term to include an
arrest of development-at any stage of an insect's life. The
word has freﬁuently been used very loosely since then, even
to include development temporarily retarded directly By cold,
starvation, or drought. It is now most commonly and most
satisfactorily restricted, as it ﬁas by Shelford (1929), to
moxre or less spbntaneously arrested development where further

activity can not immediately be induced by providing the




. —8-
kind of enviromment normelly suitable. Duclaux's (1869, 1876)
work on Bombyx eggs first pointed out this distinction. . He
found that their arrested development was brought to a
conclusion by refrigeratidn but not by centinuous rearing at
room temperature. |

This distinction between diapause and otherwise

arrésted development is an important one, but the division is
arbitrary. Insects in which development is arrested directly
by a, sub-optimum external condition must adjust thémselves'
physiologically to this state of inactivity. Though their
development is resumed when the unfavorable condition is
removed, this response sometimes becomes apparent only after
considerablgldelay, during which they readjust themselves to
activiéy. This behavior is intermediate between temporarily

arrested developﬁent and a typical diapause.

Genersl Characteristics of Diapause

-Numerous workers have reported that diapause insects
have a very low rate of réspiration combined with a lowered
respiratory duotient. The work of Bodine, Williams, and
their associates proved that diapause respiration invoived
more than a mere quantitative.change.‘ Resbiration of dia;
pause Melanoplus eggs was unaffected by carbon monoxide,

cyanide, and sodium azide, all of which affect the cytochrome-
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cytochrome oxidase system. All but sbout one-fifth of the
respiration of non-diapause eggs was affected by these agents
(Bodine and Boell, 193%; Bodine, 1950). Wiilﬁié.ms (1947b) and
Sanmborn and Williams (1950), working with Platysemia, found
that cytochrome respiration was broken down during diapause,
except in the abdominal muscles, and life was maintained by
a system of respiration iﬁvelving flavopfoteins.

The diapause stabte is also generally characterized
by a lowered moisture content, incfeased food reserves in the
form of an enlarged. fat body, physical inactivity, and a
pronounced decrease in mitotic activity as evidenced in
grasshopper embryos (Carothers, 1924; Slifer, 1931). These
'charabteristiés have been noticed by many authors,'most of
whose papers on these and other aspects of diapause have
been reviewed competently-by Prebble (194%1a), Simmonds (1948),
and. Lees (1950, 1952) and especially ﬁhoroughly by Andréwartﬁa
(1952). ” |
- N Manifestations of diapause are not necessarily
exhibited in all_body'functions. A few or many tissues or
organs may-be relatively’unaffécted by diapause.. Muscular
activity in diapause C. cinctus is relatively uninhibited
(Salt, 1947). This is true also of the sbdominsl muscles of
Platysamia ('Williams,'l951). Tmeginal diapause in many

species affects onlyrgonad*development directly. On the
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other hand, extensive cellular activity of the gonads con-
tinues in C. cinctus larvae kept at 16° C. (Mackay and Church,
unpublished). Birch (1942) and Andrewartha (1943) observed
.visible‘growth and. differehtiation during diapause in

Austroicetes embryos. It is wrong, then, te consider dia-

_pause simply.as a state épproaching "suspended animatioﬁ”.
Although it is a-useful term, "arrested development" can be

and has been at times misleadiﬁg.

CGauses_of Diapause

-Sajo (1896) and. Béumberger (1917) suggested that
diapause was the result of "developmental fatigue" in which
vthere was an accumulation of'metabolic'waste materials that’
. inhibited deveiopment. Roﬁbaud (1922, 1928, 1929) enlarged.
upon the hypothesis, concluding that exrretion of these
wastes had failed to keep pace with other physiological
processes; a period of rest at a low ‘temperature or low
. humidity was requiréd in oxder that it catch‘upt When postu-
lated, Roubaud's theory was rea@ily compaiible with the known
developmental histories of the species of Biptera that he
experimented upor, but more recent w?;k has discredited the
theory as an overall e#pianatioh of diapause.
| Bodine (1932) suggested as the cause of the embry-

onic diapause in Melanoglus.a similarly inhibitory "x-factor"
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that could be.eliminatgd best at low temperatures. Its
. existence has never’received experimentai support.

Although Roubaud's and Bodine's hypotheses do not
completely explain @iapause, inhibitory substances possibly
do contribute to if. They may be the agents whereby exter-
na; conditioné can influénée diapause. Generally unfavor-
able envirommental conditions that cemmonly csuse the rate of
development to be reduced usually strengthen the tendency.
towards diapause in species having a faculbative diapause;
i.e., in species in which every individual of each generation
is not obliged to enter diapause. The extensive litérature
on this subject was eritically reviewed by Andrewartha (1952).
Deficient or excessive méisﬁure, food quality and its drynesé,
lowjor unuswally high temperatures, and over-crowding and
isolation have éll been implicated. Unfortunately, in some
of the literature in which the influence pf these factors is
described, no distinction is made between diapause and develop-
ment arrested éniy temporarily.

There are other aiapause—indncing factors thé%
ordinarily are not associated thh an unfavorable environ-
ment. Among them are declining, but not necessafily ioﬁ,
temperatures (Dawson, 1931). In many species of Lepidop£era,
photoperiods in which "dayh and "night" are foughly equal

tend to increase diapaﬁse ﬁithinla popﬁlation. Wide
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departures in either direction, but especially in the direc-
tion of a longer light period, tend to prevent diépausé
(Dicksen and Sanders, i9h5; Dickson, 1949; Way and Hopkins,
1950; Lees, 1952). In one species, Antheraeca, the sitﬁation
is reversed (Lees, 1952). .

_ The effect of'decl;ning temperature a@d photo-
period show that diapause is not sqlely an undesirable delay
yin the life cycle ariéiné from an uphealthy condition, as ik
is commonly censidered 0 be (e.g., Simmonds, 1948). Dia-
‘pause.is an adaptation natu;aily selected for many species
5ecau$e of.its value in winter surviva;. The abilitf of an
insect to overwinter is often dependent on its being in a
state resistant to cold and degiécation,that is most easily
attained during aormanc&. Some of the previpusly mentioned
environmental factors that tend to induce diapause, e.g., low
or declining temperature) dryness or_riqhneés of food, and
shorf photoperiod, are assoéiated wﬁth the end of the grow-
ing season. They serve as signals'fo synchronize the.onset
of diapause with the seasons.

The distinchtion between obligqtory and facultative
diapause is arbitrary. .According to &efinitign, an insect
that undergdes an obligatory diapause must gnter it regard-
less of environmental influence, whereas entry‘into a

facultative diapause depends laggely on external conditions.
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In the latter case the insect may possess either a strong or
weak tendency towards diapauge. In some species where dia-
pause at first appeared_to‘ﬁe obligatory, wpon investigation
it has been found te be conditioned by‘environﬁent (Cousin,
1932). Some insects may respond enly té extremes not possible
in ﬁature (e.g., Danilyevslqr, 1948).

The causative influence exerted by environment on.
+he occurrence of ddapause is through long and devious
physiological processes. This 1s well demonstrated by the
time lapse beﬁ#een cause and observed effect~(Andréwartha,
1952). It is éometimes the next generation that is affected.
The work of Kogure (1933) on Bombyx is particula;l& interest-'
ing. He found that light'and temperature acting on incubating
eggs partly determine whether or not eggs of the next gener-

ation will enter diapause.

Diapause Elimination

. As previously.implied; iﬁ the onset of dispause has
been furthered by a certain environmental factor, the removal |
of or compensaiion for that factor does not break diapause.
Low temperature is a common cause of diapause:” However,
alﬁost invariably the best'tempergture for diapguse eliming-

tion is 10° to 25° C. lower than the morphogenetic optimum.
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Diapause-brealdng is a progressive proées;s. The
rate~temperature cur;re's for diapause-bre'aking and %‘or normal
non-diapause develoﬁment are similar, except thaf the ent'ire
curve for diapause-breaking is displaced towards ‘the lower
end of the temperature scale. In both normal development and
diapause~breaking, the rate of the process gradl.}ally dimin-
ishes as the temperature falls below optimum, and the rate
falls off more abruptly if the temperatuije is ;'aised. The
similarity suggests that diapaﬁse-breaking is also a form of
development (cf. Andrewartha, 1952)‘ - This "diapags_e_ develpp;—-
ment" must be completed before the more rapid post-diapause
development and mc::_rphogenesis can iaegin.

Sometiﬁes thg rate~temperature curves for_tile _tvo
précesses overlep extensively; sometimes not. In C. cinctus
the optimum for morph@ger_lesis is about 259 0 and -for diapause
development, 10° ¢. (8alt, 1947). An extreme overlap is
evident where Matthée (1951) found that diapause in Locustana
was eliminated at 350 C ’Another is evident in Digksonis
(1949) work on éragholitha which showed dia_.i;aggq development
to be more rapid at 26° C. than at lewer temperatures.

" There é.re numerous papers reporting the efficacy of
various "shock” j:reé.tments such as pricking, singeing, ovi-
position.by a parasite, and. the action of acids ar}d. other

chemicals in breaking diapause. But, as Andrewartha (1952)
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has suggested, apparently these havé been found effective
only in inseets with a "weak" diapauée or in those nearing
the end of a "stronger" one. In similar circumstances,
sudden temperature changes have been found t0 have the same
effect in Diprion by’Gobeil'(l9hl) and Melanoplus by Bodine
and Robbie (1940). Browning (1952) demonstrated that
Gryllulus eggs required shorter low-temperature exposures to
breakrdiapagse if they were incubated at much higher tempera~-
bures afterwards. Somé species require a final stimulus at
the end of diapause development. In Locusta, Le Berre (1951)
notices that even in eggs in which‘diapause had been broken
at a éonstant temperature well above_the threshold of develop~
ment (17°, 21°, ané 25° C.) a slight increase in. temperature

was necessary to stimulate post-diapause development.

Dryness and Diapause

Dryness of either the habitat or food has often been
reported as inducing diapause. This has been best substanti-

ated in Pectinophora (8quire, 1937, 1940; Fife, 1949) and

Loxostege (Strelnikov, 1936). Less moisture in diapause bthan

non-diapause forms has been recorded in Leptinotarsa (Fink,

1925), Lucilia (Mellanby, 1938), and Carpocapsa (Ushatinskaya,
1949).
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It has been demonstrated in Leptinotarsa (Fink,

1925) , Pyrausta (Babcock, 1927), Epiblema (Rice, 1937),
Lucilia (Mellanby, 1938), Diprion. (Prebble, 1941b), Melano-
plus (Slifer, 1946), Carpocapsa (Ushatinskaya, 1949), and
Locustana (Matthée, 1951) that, the water lacking during dia-
pause must be replaced before post-diapause developmen; can
prqceed. Squire (1937) found that the addition of céntact

water to the habitat of Pectinophora expedited its emergence

from dormancy or facilitated its subsequent dgvelopment, but
that it was not essential. From such information hés arisen
the idea, often casually repeabed, ﬁhat an‘externél moiéturé
supply is necessary for diapause development. But as
Andrewartha (1952) emphasized, data presgnted by most of the
authors Jjust mentioned have indicated that the provisiqn of
water is only essential at the end of or after hibernation.
None showed water to be necessary during diapause developmenbs.
The water deficit must be remedied before post;diapause
devélopment can'take place, but an external water supply has
not been proven to have much influence on diapause develop-
menf itself. Readio (1931) found that Reduvius completed
diapause evén more sﬁccessfully at low humidities. Similarly,

Matthée (1951) specified that in Locustana diapause develop-

‘ment is best promoted by a dry environment, though moisture is

required at its completien.
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An.appareht exception to the generalizatidn that.

contact moisture 1s unnecessary for diapause development is
found. in the work of Slifer (l9h6), who showed that diapause

in Melanoplus differentialis-eggs could.be broken by.treat-

ing them with zylel and ofher fat solvents. Theseﬂpresumably
dissolved a waxy coat and permitted the entry of water intq
£he-egg, thereby breaking diapauée.' However, Andrewartha
(1952) suggested that xyloi may have eliminabed diapause by
way of other, direct effectg on the egg contents. Andre~
wartha's,éuggestion is suéported by the facf that xylol can
break diapause in Myrﬁus eggs, which contain enough'moisture
when laid to carry them through to hatching (Woedward, 1952).
Pepper (1937), too, found xylol and other chemicals effective
in breakiﬁg diaﬁause in Loxostege prepupae where imperme-

ability to water is not likely a factor.

The Hormone Failure Theory of Diapause

‘Wiggleworth (193k4), nearly twenty yearé ago, pro-
posed that diapause may be primarily the result 6f a hormone
failure. This viewpoint is gaining increasing suppert. It
has been @roved that molting, includinguthgt'wh;ch_pro@uces
a pupa or'adu}ﬁ, depends for its initiation on a hormone
secreted by a-pair (usually) of diffuse organs, the thoracic

glands. These‘have,variousiy been called the prothoracic

!
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glands, vent}al glands, corpora-incerta, suboesophageal
glands, and hypostigmatic.glands (sellier, 1951). They are
generally situated in the profhorax, but frequehtly exteﬁd
into the‘head and/or mesothorax. These glaﬁds or their
homologues have been seen in Lepidoptera, ﬁymenoptera,
Orthoptera, Hemipbera, and Odonata.‘ They exist in Diptera as
giant lateral cells of the ring .. gland. Work on this ™ subject
has been reviewed by Williems (1948, 1949). Prlugfelder
(1947) reported the bresence of ventral or thoracic glands
in a number of other, heterometabolous, orders. By ligation,
gland extirpation and implantebtion, and blood. transfusion
experiments the control over molting exerted by the thoracic
glands-has.beén demonstrated in Bombyx (Fukuda, 1944)'and‘
Platysamia (Williams, 1947) among the Lepidoptera, in Diptera,
Odonata, and Phasmida, and finally in the Hemipteran
Rhodniusn(Wigglesworth, 1952). Most of this work was reviewed
by Wigglesworth (1951).

Kopec (1922) discovered in Lymanmtria that the brain
controlled the initiation of molting, apparently'byiway of
glandular action. Dependence of molting upon the brain . has
been revealed in othér Lepidopmera;~Hemiptera, Orthopterg,'
Phasmida, Coleoptéra, and . Diptera (reviewed by Wigglesworth,
1948, 1951), and in Hymenoptera‘(Schmieder, l9#2). In sqmgi

species it has been determined that the brain is the source
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of the stimulation that activates the thoracic glands. A
small number of neurosecretory cells in. the protocerebrum
secrete‘é hormone ﬁhich, when it reaches the thoracic glands,
causes them to begin secreting. This series of reactions has

been traced in Rhednius and Platysamia by the classic experi-

ments of Wigglesworth (1934, 1940, 1951, 1952a) and of
Williams (1946, 1947a, 1952), and in Calliphera by Possompes
(1950) and in Bombyx by Bounhiol -'(1952a, 195@1:;) and Fukuda
(l9hh).. The sole function of the neurosecretory cells at
this stage appears to be the stimwlation of_tﬁe thdracic
glands. Once this has been dong, the “secretory activity of
the thoracic glands and’the.molting process are no longer
dependent upon the brain.

Protocerebral neuroseéretory cells, since first
found by ﬁéyer (1935) in égigj have been disclosed histo-
logically in other Hymenoptera, Lepidoptera, Coleoptera,
Diptera, Trichoptera, Orthoptera, Hemiptéra,;and Neureptera
(reviewed by Day, 1940, and Scharrer and tharrer, 1945).
Their hemologues have been found in the Aptgrygota (Hanst;om,
1953). According to E. Scharrer (1952) neuroseéreﬁp;y cells
are undoubtedly links-of comunicatien between the‘two
physiological_contfol systems, the nervous and the.endoér;ne.

Platysamia experiences a pupal diapause befofe.the

endocfine mechanism controlling ifs imaginal moit and meta-
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morphosis is set in motion. Williéms (1946) demonstrated that
during this dispause the implantation of brains from chilled,
post-diapause pupae was eﬁough to activate the thoracic
glandg anq elicit normal metamorphosis. Aetive brain implants
also proved to.be effective ip breakiﬁg_diapause in Gryllus
(Seliier, 1949). | |

.'Diapause-seeps to resuit ffom failure of the moliting
horﬁbne mechanism to operate. - In Andréwartha's (1952)
opinion, since diaﬁause (at least'laryal; nymphal and pupal
dispause) occurs near the end of a sﬁadium, the hormone
fai;ure theory of diépause is probably generaliy’applicable..
He believeg_thé braig_does nét reléase the hormone mechanism
because it is inhibited by the accumulation of reserve food in
a form thatiis not‘immediately available to the tissues, and
that diapaage development is a process of food mobilization
or processes prereéuisifé to it. The abundance of reports of-
marked differences in fat body and other tissues between dia-
paﬁse and.noﬁ;diapause insécts gives circumstantial support

to this theory.

Diapause in Cephus cinctus

Ainslie (1929) noticed the inability of wheat stem
sewfly larvae enclosed in their wheat stubs to develop

indoors. It is now known that soon after the mature S-shaped
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larva cuts off the wheat stem above the stub in which it over-
winters, it enters an obligatory diapause. By spring diapsuse
development is completed and post-diapause development can
begin. Salt (1947) found that diapause development froceeds
most rapidly at 10° C., and much more slowly at 15° and 5° C.
He also found that, in the field in 1946, diapause was
broken in every larva by January. It is invariably. broken
by spring, although, aé already related, diapause can then be
reintroduced. '

| Ainslie (1929) élso observed that larvae in the
field sométimes failed to develop in.the spring though they
were obviously viable. He attributed this to insufficient
moisture. There seems to bé little doubt that the larvae had
been returned to diapause early in the spring. In gxtensive
areas of Alberfa and Saskatchewan a Severe earlyydrought in
1937 killed the sawfly's hostlplants and nearly annihilated
the brbod of offspring produced that year. In spite of this,
there was a sawfly oubbreak in 19387 Large gumbgrs gf.
larvae of the previous brood must héye returned to diapauge
in the spring of 1937, énd emerged in the spring of 1938 to
cause the unexpectgd oufﬁreak (Farsted, uppublishgd). In
194k a similar carry-over occurred. In one infested field
iﬁ eastern Alberta, 86%<of the stubs still contained '

undeveloped S~larvae after the adult flight was over. Many
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of the larvae survived, and in the spring of 1945 t]ﬁey
emerged as normal adults about the same time as others. of +the
next generation. Another observation of this kind was
reported by Mills, Callenbach, snd Reinhardt (1945) who
wrote that undeveloped S-larvee were found in 50% of a stand
of infested stubs on July 18, 1944. This “"spring dig,pause”
occurs frequently in small portions of a po_pu_'l_ation whose

microhabitats are especially hot and dry (Farstad, unpublished).
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EXPERTIMENTAL OBJECTIVES

This study waé undertaken to establish and explain
the influence of dryness on diapause reinstatement in C.
cinctus. This objective may be subdivided into the follow-
ing: 1) to determine the role of contact water at the edd of .
the proceding "fall™ diapause; 2)'to measure the over-all
effect of moisture lack in reinstating diapause and. frevemting
post-diapause development; 3) to investigate the appli;ation
of the hormone failure theqry of diapause to C. cincbus; and
4) to find the relationship to diapause reinstatement of the
hormone,mechaniém controlling post-diapause developmenf.

In order to obtain a ‘general idea of the importance
of water to dispause developmeﬁt the role of contacf water
during a normal "fall" dilapause was first investigated. -The
~more important water is to diapause dgvelppmenﬁ, the more
effect it should have on diapause reinstatement.

A series of experimehts We;e then done on the in-.
fluence of dryness and desiccatiom on diapause réinstaﬁement.
In some species of insects,'dryness has been reported tq
induce the original entry into diapause} qusibly it could
also re-induce diépauée in Q: cinctus. In:tpig species high
temperature is kﬁown to cause diapause reinstatement.

Experiments were performed at a variety of temperatures
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because the influence of dryness could net be stﬁdied with~
out taking heat intc consideration. In the course of the
experiments it became apparent that the relations between
dryness, temperature, and diapauvse reinstatement were more
complex than at first anticipated. Dryness did not simply
add to or subtract from the effect prodﬁced by heaﬁ..

The next steps were to find out whether post-
diapause morphogenesis was initiated by an endocrine mechan-‘
ism and whether a hormone failure was thg immedia?e cause of
diapause in C. cincbus. It was anticipated that the relation-.
ship of‘the hormone mechanism to diapause'weuld suggesp sone
explanation for the effects of heat and dryness on diapause

reinstatement.
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FXPERIMENTAL, PROCEDURES

Because of the variety of experiments to be dis=-
cussed, . only the experimental prqcedurés'genérally appli-
cable to a nﬁmber of them are qutlined ig this-séction.
Procedures specifically ;elgting to indivi@uai experiments

are described in the sections on experimental results.
Source of Material

The mature sawfly larvae used in this work were
collected fraﬁ wheat fields near Lethbridge, A;berta. Roeots
and debris were remeved from the‘iniested‘wheat stubs, which
were then packed looéely in moist garden soil in closed pint

jars for storage.

Conditioning and Storage of Larvae

Neérly all the experiments reported here required
larvae that were’ready-to begin post-diapause development.but
had not yet beguq it. in a few experimgnts‘spripéfcolleqfed
post-diapause material was used, but generally it was not
rél;ab;y unifoxm and.undevelgged. Material for most experi-
ments was gathered iq the fal;thile épil; in éiapausgf Dia;
pause was broken ip the léboxatory under strictly controlled

conditions in order to obtain the desired material. Since
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diapausg devglopment prog:esseg_m@s?ﬂrapidly gt_lOO'C., this
temperature was used for the firgt_pa;t of their condition~-
ing; Post-éiapaqsg devglopmgqﬁ a;sq yill takerplape at
.10° C. Therefore the stubs were removed from 16° to 0° ¢.
as soon as ‘the first few larvae were out of diapause. ‘Several
months stoyage a@ OOAC. brbkg diaggqsevip t?e rgmainder,‘and
pe:mitted thgm te_fin§shhmosﬁupfuﬁhe.dgvelopmggt transitory
‘between diapause and'post:diapauseAmorphogenegis. None of
them'coyld beg@n_pogﬁgdiapgusg;mg;phogenesis at 0° C. 1In this
way a stock was preﬁared of farrly uvmiform post-diapause
larvae, ready to recommence morphogenesis as soon as they
were incubated. This method of conditioning was essential to
experiments concerning initiation of post-diapause development
and diapause reinstatement. The ligation experiments reported
in a later section would have been impossible without it.

A sugply of diapause larvae for use in”a few experi-
" ments was maintained:by storing fall-collected stubs iﬁ
slightly moistened soil at 25° C.; a temperature too high to
permit any diapause-breaking. This temperature and the 10°
and 0° C. temperatures mentioned above were maintained in

constant temperature rooms with an accuracy of £0.5° ¢.
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Techniques Used in Moisture Relationship Experiments

One experiment dealt‘with moistuxe absorptioﬁ
during and after diapause development. Q'bher_s“ qoncemed the
effects .of dryness and _hea’c on diapgus_e rginstat_gment. In
- all of these e:gperimentsf B la:r'va_e were .treaftfgd' g.nd incubated
while_ in'baq'b in their stubs beqa_.g_se_ lthe =J’.n:‘Lt_iaAfs:i.‘_on of | |

development after diapausg is_ very easily inft_tj.bit_ed if they
are reﬁoygd; After'a'posﬁ—aiagaﬁse S;;ayya‘has begun to
develop a.nd. has tran_s,_fbmgd inJgo._a brepupa, or even a day or
s0 before v'bhis has ha.ppgned, 1t wi;_l Qont;nug to d.evglop.
under most cond._i'bior;s until it _eijbher emerges as -an adult or
dies. At; queréi_:e tempera{t}%res,' and if _exceséive drying is
prevented, it develops nqrma_ily and. at about the same rate
as usual.’ ‘Removal from the stub at this ﬁ:‘lile_ :has little
effect. Just beforg this, durlng the stage from the end of °
diapause until- _shoxfbly befl'ox_'ez‘th_e ‘l_arv.a 1s 'reax_iy 1o become
‘prepupal, removal from its stub usually inhibits further
develqpmgnt_, - even W_héI} temperature, “moi.si'b.ure‘,_ and light
conditiogs are appargnﬁly _fayorable Thg inseqt 'remains
active a.nd healthy for_ }’II.OF]:t;b.—Et,. b}lﬁc w:.ll _r~1ot.“ develop. This
inhibition affects o lavge and variable portion of any.
sample 6f ngked_ .lgrvae i'r; thls s_’;age. ”Mqr_ea_oyg.jc",_ 'bAh_e‘ on;Ly
criterion avai_la’ple for detgz;gi_qing th_e p%gsenc_e‘ or _absen_c¢

of diapause in C. cinctus is whether or not it will develop
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when incubated. Any attempt to measure the influence of dxry-
ness on diapause reinstatement using naked larvae is futile;
they must be kept in their stubs.

| In experiments where the humidity was controlléd,
it was done over sulphuriq ac;d solutions or dry calcium
chloride in glass desiceators. High temperature exposures
(over 25° C.) were made in cabinets:in which the temperature
fluctuations'were less than i‘lolC.

Whenever it was dgsired tg'determineﬂthe number of
larvae capable ofrdevelopment} or conversely, the number still
. in or returned to diapause,»sa@ples of stqbs ﬁere covered with
moist soil in closed pint or'ha;f;fint'jars and incubated at
25° ¢. The minimum incupa;;qn'pgriod was three weeks, which
was long enocugh to permit anf larva that bégah'dévelOPmenﬁ'
promptly to become adult. Wherever a treatment tended to
delay the initiation of morphogenesis incubation was extended
as much as three weeks longer.

- The moist‘soil in which ;arvae'were treated or in-
cubated was sandy loam containing about lS%,moisture. The dry
s0il used in some expériments was similar soil, air-dried at -
room temperamure. | ‘

Moisbure conteﬁté‘were'determined on individual
larvae. They were removed from the stub, wéighed on a

spring~torsion balance (150/0.1 mg.), oven-dried, and re-
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‘weighed. Drying for one day at 95-100° ¢. was sufficient
tb bring the specimens to constant weight. -Standaf& erroxrs
for the average ratios ef water to dry material of phé
sgmples represented in Table l.were small. Since other
samples were similar in size agd range, standard error

calculations for them were omitted.

Technigues Used in Hormone Relationship Experiments -

Ligation_experimgnts Wergvpg;fofmed'to resolve
whether an endocrinelmechanigm controlled post-diapause
development in g; cinctus{.anq, if a'mechanism existgd, to
determine the source and timing_pfﬂits_po;mqpe secretions.-
Larvae were remoyed fram thglstub anq liga#pres of fine silk
thread, dippgd in mo;ﬁep pa?affin and béesyax? were tied

. tightly around them in the various positions to be described
later. A single knot W?sisqfficienﬁtbeqauge the wax held it
firmly. “The‘ligatgresvpgevented gegpage'qf_fluids from one
section tq another. In ligaﬁed.ingeqts ﬁgst organé_thought
to possess an endocrige ?qnctipn,_e.gf, thg supra- and sub-
cesophageel ganglia and associated stuctures, the corpore
allata, and the corpora cardiaca, were contained in the head
\section. An isolated prothpfax.ingluded_phe organs believed
to be the thoracic glands, and an abdoﬁinal section cen-

tained the gonads.
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In parabiotic experiments intended to investigate
the effect of post-diapause larval blood on larvaé still in
‘diapause, larvae were joined in pairs, tail to bail. The
tips of the abdomens of twq larvae_in different stages of
development were4seyered and @hs ends of a glass microtube
‘thrust into the wounds. Ligatures~were @pplied‘just in
front of the'wounds, b;ndiné'the_laryag o the tube. The
blood from one larva was cont;nuoug ﬁhroughlthe tube with
that of the other. Finally, the operated parts were covered
with a mixture of paraffin and beeswax.

Ligated larvae aﬁd pgyabiotic pairs were incubated
at 250 c. iﬁ wax cells lined with blotting paper. Slot-
shaped cells Weré melted in?o blocks of commercial paraffin
wax, each quarte;-pdunq block'poldiqg 25.slot$. Each cell
was 5 mm. deep_and Just wide and long enough to accommodate
a sawfly or pairypf Joined sayflieg. It was ;ipeq With a
small folded ;Q;tanglguof.blotte:. Afpep.aq_expe:imgntal
and pressed. in around the insect. The b;otter was kept
‘slightly moistgneda This rearing ﬁechgiqge Qid not
qompletely sb;ve pbguprleem of ip&ucing pqst;d;apaqse larvae
to develop when extracted fgb@ﬂtheir‘sﬁgbsL> ngeyer; enquéh
did develop when reafed.this way so that useful data could

be obtained.
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- EXPERIMENTAT, RESULTS

Normal Moisture Absorption at End of Diapause

The watef present in_a sawfly larvg's tissues
dgring diapaﬁse is normal;y"supplemgntgd by abserptien of
‘801l moisture befére pupatiqgt‘ Thislw§§ shown by the follow-
ing experiment. Diapau§¢ iarva¢ obtained frq@ g_most field
on September 19, i952, ﬁeré_kgptd;g4moist seil at 10° ¢. to
continue their diapause developggpt, _Affer}o, 50; 75,_and
100 days st 10° C. samples of more than 70 of these larvae
were tested for water content, and other samples, each
coptaining more ﬁhap 55 ;arvae, ye;e.incpbaﬁgd'a§”25o'c. to
determine thg number @n.whigh diﬁpgpgevhgd begn eliminated.
Young prepupae:dgvélqp;ngmfxqm.;a?vge.givgg”llo days at
ioo_cﬂ plus 9 days incppgtiqnlwére also tested for water
content. The.regu;£svg;¢'spgyg in Tab}e 1. ﬁome;yajer'was
teken up during the latter part of diapause development.
Some move was absorbed during the trensition period Betveen
sapsuse development and active post-diapanse development.
In additipn, moisture was probably'absoxbéd during prepupal
morPhégeneSiS-'_ e

The transition .?e".“w‘?‘fn* dispause and Pos.tv"qiapause
development canﬂﬁe_suchssfullylacgppp;;gpgq_at eiﬁher a

moderate (25° C.) or low (10° C.) temperature. The
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TABLE 1 |

Water absdrptioﬁ as represeﬁiéd'by ratio of water
to dry matter in C. cinctus larvae during diapause, .
transition, and prepupal development '

Wumber of Percentage Average ratio of
days at "of larvae water to
10° ¢C. . out of diapause dry matter
o . 0 ~ 1.22 (t 0.02)
50 8l | 1.43 (£ 0.02)
75 . 99 : 1.5 (% 0.03)
100 ‘ 00 1.52 (£ 0.02)

Prepupae - 1-61'L (% 0.03)
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. physiological processés occurring during this interval are
unlike those occurriné before or after. They do not depend
upon low temperature as.does diapause development, but
neither is their gctivity as_greatly increase@ by higher
temperatufes as is t@at\of hdrmong secretion and morpho-
genesis. The trgnsition period ends.when hormone activity
begins, iess than a week before thg visible change of the
S-larva_to a prepupa. ihis gubject will be discussed more
fully in a later section.

' Additional sgwflies ffom:the samg-sourgg as those‘
mentioned.abpye were enc;oged ;ghjgrgnof dry soil for 50, 75,
and 100 days at 1Q° C.,'aftey which_they‘wereﬂipcﬁbated in
moist soil. Eaph grpup.copp;isediﬁbpgt'90'larvaé. The
percentage of each sample th@t:developéi’gpqg-incubation, and.
‘therefore in which diapause must have been eliminated, is
compareq with that of ;grvag chilled in most soil (Table
II). It is'evident that the diffgreqqeg_qrg gmallf; In ‘the
dry seriés the?e was no QQSs;biiity”qf_watgrngbgorption;
probably a little.dehydratipnuchu;rgdi_:Evideni;y_digpause
deve;opment is not dependent upon absorption of external
moisture.

Other larvae were kept in dry soil at 10° ¢. for
90 and 110 days, and ‘theh incubated in dry soil, thereby

receiving no moisture at any time. Only 37% and 19%,

?
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TABIE IT

Diapausé elimination in C. ciictus
at 10° C., with and without access to molsture

o Perceﬁtagé developing when incubated moist
Number of days after chilling at 10° C. in

at 10° C. dry soil moist seil
0 ' kp 0
50 83 8l
75 o7 . 9

100 92 100
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respectively, developeq. In the insects in which development
wltimately did occur its beginning was delayed. Water
absorbed near the end of diapause must be necessary for some
of the insects, if they are to undergo post;diapause moxrpho~
genesis. But a moistu:e supply during diapause development
is not a reguisite. All of the lOO~day'dry se?ies‘in Table
IT no doubt would have deye;oqu if the degiccgﬁion ﬁhat
accompanied chilling had not interfered with post~diapause
develobment. That diapauvse development in the sawfly is
independent of an external.ﬁoistufe supply offers additional
support of Andrewartha's (1952) thesis that this relationship
is general among insects. ‘

Effect of Dryness on Diapause Reinstate-
ment and Initiation of Morphogenesis

Although contact_water is unnecessary for the
elimination of diapause,_it is. st1ll possible tha¢ dryness
can cause diapause to return to C. cinctus. Tt has already
been pointed out tha$ dryness has been found ;esponsible
for the origingl initiation_of diapgusgﬁin meny species of
insects. However, the two‘si?ugtions are not identical. In
C. cinctus, we are éochrned:with the action of dryness after
a long_period of.rglaﬁivg inacﬁiyity,_anq long'qfter feeding
has ceased. In the other species, the influence of dryness

is exerted during active growing and feeding stages.
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If it is assumed that dryness helpé‘to return post-
diapause larvae-ﬁo diapause, it could exert an effect under a
variety of conditions: (1) an effect could be produced
independgnﬁly of‘the infiuence of temperatupe gxtremes, i.e;,
during incubation at 25? C.;,(E) dry sur;oundinés ﬁight also
be expected to augmen# the_actioh pf'heaj ipAreinstating dia~
pause 1f ‘heat and drynessﬁwe;e cpmbined in one’treatment;
(3).a decreased water cqnteqji previously pr?duced by dehy-
dration gt’alsub—developmental'temperaﬁure, could induce a
larva's return te diapause upen incﬁbgﬁion;loy (M)Iit couid
faci;itaté'the action of high_temperature in returniné\the
larva to diapause. These four possibilities will be con- -
sidered in tﬁrn.‘

"(l) Influenqe 6f'Drynesé A@mligd During IncubationA

The firgt possibility'wag eggi;y el;miyg&ed.‘ It was
soon realize@ that in pqst}diépaqge’;arvae incubated at 250 C.,
lack of moisyure vas‘not’an ;p#gns;vg epoug@ fgctor to prevent
ﬁorphogenesig. Laryae incuba#ed from ﬁhe begipﬁing of their
transitien peried in a current pf;d;y ai: developed pasﬁ the
critical period for diapau;ewreinstétement'bgﬁore dryness
copld exért itg suppqseq“inf;ygnce.._Evegrwhe@_}952 mgter;al,l
250 C., was subjected to this treatment practically all

larvae developed. As a group the larvae lost only 9.6% of
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their original water before the critical period was past.
The average ratio of body water to dry matter was reduced

from 1.36 to 1.26.

(2)' Influence of Drymess when Combined with Heat

_ Sawfly lérvae were subjected to drying and heat
simultaneously. Post-diapause larvae were exposed for a
number of days to 35, 40, or“hio C} in either dry or moist
soil. They were then incubatgq, and de%éloping forms and
undeveloped S-larvae were cpu#&ed. Bach sample of 60 stubs’
conﬁained gbout 50 living larvae. The data in T&Ble I1T
showing the percentages of living insects in which digpause
was apparently reinstated suggested at first that reinstate~
ment was more successful in the dry series. However, that -
ig probably not true. Any S-larvae in which diapamse had
“been reinsﬁéted,‘being somewhat ﬁo;e resistant to desic~
cation (Salt, l9¥6)€ would have & better chance of surviving
in. the dry soil than would. developipg insects. In the dry
series, mortality tende@ to be‘greatér'among_developing
foxﬁs. This left a misleadingly_high perqentage of S-larvae
among the survivors. Note that there is less consistent
‘difference between the two series in the numbers of larvae
that survived but did‘nqt_develpp than.tpere‘is in‘the
percentages. Aftér allowance has been made for differential

survival of S-larvae and developing insects in the two
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_ TABLE ITT ) o

Diapause réinstatement in post-diapausé larvae
by eprsur¢~to heat in moist and dry soil

Treated in moist soil

Treated in dry soil

, : "Percentage ) “Percentage
Temperature, Tine, Numbéer ~ Number not of subvivors™ ‘Number = Mmber not " Tof subvivors,
degrees C. days surviving develpping not developing surviving developing not developing
35 > 25 25 100 ‘ %Q 36 90
10 ho k2 100 b1 41 106
ho 2 52 6. 12 38 10 25
5 by 21 L5 27 22 81
0 8 8. 100 1 1 160
45 1 19 18 95 13 13 100
2 L I 100 1 1 156
Control, no treatment fe e eecneratenttanernerneea . . L6 3 7
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series, this experimenttoffers no suﬁport to the hypothesis
that dryness promotes return to”diapagsé.

In the first of two othe: similax experimgnts,
groups of 100 stubs each were given treatments shorter than
those of thg 1a§t experimgnt._‘Thgy received exposures of
six hours at O épd 80% relative humidity and various
temperatures between.37.5 and EOOVC; They:were then incu~
bated in most soil at 25° C. Over 80% of the stubs
contéine@ larvae, most of which were in the critical périod
for digpauss‘reinstatemenﬁ when ﬁreated. The results of
incubation are given in Table IV.

In the sécond'experiygqp,_gimilgr criticai period
larvae'were given gi;_égd eighpegn hourg at satgration
deficits of 4 and 42 mm., and 35, 40, and 47.5° C., where-
upon they were inqdpated as abqyg.m_gbputhés larvae were
Mois ture content samples of an_gggiygleqﬁnsgries-shqwed>that
the highér satura#;oq dg?icit_p:q@uggq“seyere desiccg@ion of
the larVae,wcompletely dggigoéiinglthé@ in 18 hours at
L7.5° C. At high temperatures, tﬁé lower saturation deficit
caused slighi desiccation. _

fhe date of Tables IV and ¥ show that, despite the
brevitonf'the trqatpgntgzngo@e_;grvge were successfully

prevented from resuming morphégeﬁesis. Humidity had no con-




TABLE IV

Diapause reinstatement in post-diapause larvae
by six-hour heat treatments at O and 80 per cent R. H.

|

O per cent R. H.

80 per cent R. H.

Pércentage of Total Percentage of Total
Temperature, survivors not number survivors not number
degrees C. dgveloping surviving developing - surviving

- 37.5. 0 78 0 82
Lo 0 63. 28 71
ha.5 0 89 1 67
45 ' 6 71 1 8l
W7.5 . T2 50 ¢] 71

50 100 . 38 97 63 |
Controls, no treatment;— .............. 0 T4




TABLE V

Diapause reinstatement in post~diapause larvae
by short heat treatments at high and:}QW‘saturation deficits

High saturation deficit Low saturation deficit
Percentage of Total Percentage of Total
Tine, Temperature, survivors notb number. survivors net number
hours degrees C. developing © surviving developing surviving
6 35 0 . B2 0 65
6 %0 41 48 0 46
6 L5 3 63 6 . 50
6 U47.5 72 25 0 46
18 3% 0 65 T T b5
18 4o 7 42 0 53
18 45 33 21 h 27
18 W7.5 - 0. -~ 0

Controls, ne treatment = ....... cerereeneces 0 63

-:E-,Y-
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sistenf effect. The influence of dryness<oﬁ‘diapause rein-
;tatement will depend on the exact stage of physiological
development and existing imternal state of the animal. One
could expect, in the brief, severe treatments just described,
that the influence of dryness would be greatly affected by
the speed with which the physiological components of an
inéect reacted to temperaturé. These reactions, in turn,
partly depend upon many other conditioﬁs that were not
measured nor controlled. Complexities of this kind probably
were responsible for some of the‘irregularities evident in
the data above.

(3) Effect of Desiccation at 0° C.

Experiments described so far have shown contact
moisture to be of little importance to the'initiation of post-
'diapauée morphogenesis'and diapause reinstatement at tempera-
tures suitable for incubation or higher. The ;arvae used. héd
access to moisture before reaching the critical period for
diapguse reinstatement. It is imporbant to know what weuld
happen if similar larvae were dehydrated at a sub-develoep-
mental temperature before they were incubated or exposed to
heat. By such treatment, water that had been absorbed
‘éuring dispause could be eliminated before any develoﬁmenﬁ
could begin. This procedure was tried in two experiments.

In these experiments, conditions were equivalent to lake
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winter desiccation in the field, whereas previous experiments
had. simulated desiccation during the first heaﬁ of sﬁfing.

For the first experiment infested stubs were
gathéréd‘in the fall and diapause was eliminated at 6° C.
They were then déhydrated by é dry air current at 0® ¢. for
0, 30, and 60 days. During the first 30 days fhe lérvae lost
9% of their original moisture; the loss in 60 days was 24%.
The average ratio of water to‘dry matter was 1.51 before
treatment, 1.30 after 30 deys, and 1.16 after 60 days of
desiccation. Moderately severe desiccation was aehieyed.
After desiccétion the larvae were incubated in moi# soil.
The number that failed to develop are listed in Table VI.
The more severe desiccation inhibited morphogenesis in nearly
one~third of them. In a'céntrol sample kept twice as long as
0° CL, but in damp soil, most larvae develeoped. Thus most of
the effect must be attributed tovdryness and not to storage
at 0° C. '

In the other experiment, stubs from threéAsources
were dehydrated for 5,20, and 50 days at e° ¢. and 0%
relative.humidity. The pretreatment higtories of the three
groups of stubs were: (A)'Gollected in the field in the
fall and stored nearly 20.mon$hs at 0° C. after diapause was
broken. The latter part of this inﬁérval was in dry éoil.

(Upon incubation some would not develop.) (B) Collected in
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TABLE. VI

Inhibition of post-diapause morphogenesis
by debydration at 0° C.

Number  Number not Percentage
Treabtment survived developing not developing
Desiccated O days 85 3 3
Desiccated 30 days 82 5 6
Desiccated 60 days 73 23 32

No desicecation, 120
days at 0° C., moist 57 6 11
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the fall, and stored at 0° C. to break diapause but not
permitted to become dry. (C) Collected in early spring
(April 10). (These were slightly ahead of (B) in development.)
A sample of TO stubé from each combination of trestment and.
pretreatment was then incuﬁated for three weeks at 250 C. in
moist soil to permit recovery of lost waber. Another was
incubated without soil in a covered jar to permit neither
absorption of moisture nor further desiccaiion.

The results presented in Table VII show that two
factors determined whether larvae developed promptly when in-
cubated, developed after some dela&, or did not develop at
all. They were the persistent effect of desiccatioﬁ at 0° c.,
and drymess during incubation at 250 C. Sawflies collected
in early spring (C) had advanced far enough and had~absorbed
enough water to be practically unaffected by moderste
amounts of desiccabion. When incubated moist, development
was uninhibited. In a few insects, however, dryness during
incubation did delay the beginhing of developmént. Fall—
collected material (B) was both retarded in and prevented
from developing to some extent by dry incubatién, especially
when this had been preceded by 50 days dehydration at 0° q.

‘Desiccation at 0° C. followed by moist incubation failed to.
prevent development in any significant portion of the larvae.
In fall-collected larvae, moderate désiccatioﬁ with subse~

quent incubation in moist soil was very effective in
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Development of post-diapause C.

TABLE VIT

cinctus larvae

after desiccation at 0¥ C.

Days Percentage
Pre- desiccated Incu~ Number of not
treatment at 0° C. bated S-larvae prepupae pupae adults developing
(&) collected 5 ary 36 7 2 1 79
in fall; dia- 20 dry 38 b 2 0 86
pause broken; 50 dry 30 0 0 0 100
stored at 0° C. ' '
in moist, then 5 moist 15 0 L 2k 35
dry soil. 20 moist 19 3 8 8 50
50 moist 25 1 3 2 81
(B) collected 5 -dry 2 2 2 56 3
in fall; dia- 20 dry 1 0 L 37 2
pause broken; 50 dry 9 L 2 o7 21
kept moist
5 moist 0 0 0 65 0
20 moist 1 0 2 56 2
50 moist 2 1 0 50 4
(C) colleeted 5 ary 0 2 L 26 0
in early spring; 20 dry 1 0 1 32 3
" kept moist. 50 dr§ 1 4 L 27 3
5 moist ) 0 2 31 O
20 moist ¢} 0 2 21 0
50 moist ¢} 1 0 29 0
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blocking development only if the larvae had already been
subjected to dryness during their pretreatment (A).

Still longer desiccating exposures would have given
more pronounced results. However, the exposures employed
were already more severe than any that_one would expect to
occuyr naturally.

A long dry period at sub-developmental temperatures
a@gérently can cause C. cinctus larvae to re-enter diapause.
But the criterion used to indicate the presence of diapause,
i.e., failure to develop when incubated, may not be adequate.
Chilling has so far proved ineffective in activating larvae
with a developmental block introduced by dryness, even
though some have been chilléd, moist, for as long as 150
days. If post-diapause development has been blocked by heat-
ing at 350 C., the developmental‘block can be removed by
chilling (Salt, 1947; Church, unpublished). The develop;
mental block institubted by heat is a regl diapause. The
developmental bléck instituted by dryness ﬁay be a patho-
logical inhibition of development from which the larvae
cannot recover, rather than a true diapause. In preventing
post~diapause development, dryness appears to reinstate

diapause; but possibly does not.
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(%) Influence of Reduced Moisture Content
on Beinstatement of Diapause by Heat

In the following experiment, larvae that had been
desiccatéd at 0° C. were given'varioué exposure to 350”0.
in order to test the effect of a moisture contént previ;
ously established at a low level on diépause reinstatement by
heét. One series of pést-diapause larvae was dried 60 days
at 0° C. in a dry air current. Moisture contént samples
showed that the average ratio of Water,tp dry material was
reduced from 1:93 to,l.?h, a substantial reduction. As a
group theyl;o§t 36% of their original water. A.second series
of the same stbck meanwhile was kept moist at 0° C. Then two
groups of about 25 stubs each from each series were sub-
jected to 0, 2, 4, 6, and 8 days at 35° C.'and 95% relative
humidify in attempts to réinstate diapsuse. Treatment was
followed by moist incubation at 25° C. Table VIII shows that
in almos% one~fifth of the inseéts deyelopment was precluded
by the desiccation alone, even in the absenge ef any'exposure
to 350 C. However, a comparison of the results of equivalent
heat exposures on desiccated and ﬁon-desiccated larvae shows
that when desiccated larvae received a heat treatment, their
having begn désiccated did not encourage diapause reingfate-
ment at all. Rather, previous dehyd?ation appeared to hinder
the diapguse-reiﬁstatihg éfficieﬁcy of heat, but thié_trend

was not statistically significant. The experiment supported
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TABLE VIIT

Influvence of moisture content of post-diapause
larvae on reinstatement of diapause by heat

I

Number of ) Percentage .ANerage
Time ab “Prepupae not percentage

35O C., days S-larvae and pupae Adults Total developing not developing

Series not desiccated:

0 N ) 0 15 16 :6)

0 o 0 31 21 0’ 3
5 o X b ;S - .
S A
2 :1L§ o '8 ig ‘}88) 100
; A N

.18
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TABLE VIII a.

Influence of moisture content of post-diapause
larvae on reinstatement of diapsuse by heat

- Time at
35° ¢., days

Number of - Percenta§:=

Prepupae o ' - not
S-larvae ~ and pupae Adults Total developing

Average
"percentage
not developing

Series desiccated 60 days:

OO

Qo oy FF PP

b 0 18 22 . 18)

5 0 20 25 20

5 0 3 8 62)
9 0 3 12 5
10 0 3 13 17y
6 - 0 1 17 ol
10 0 1 11 91)_
11 0 0 11 100
12 0 0 12 100)
16 0 0 16 100

95

100

e A AR e Y P AR e 3 re et $ b et e e At or e
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the idea suggested in the preceding section thét moisture
deficiency and heat may prevemt development in quite dif-
ferent ways. |

Hormonal Contrel of Initiation
of Posgt-Diapause quphogenesis )

Phy’siblogical studies wére ‘thought necessary to-
explain _how desiccation ean bleck development while it fails
to help_.reins_tate diapause. The possibility was investigated
that a ’cwo-stage endocrir;e mechanism, of the kind Williams -
(1946, etc.) found in Platysamia, controls the initiation of
post-~diapause development in C. cinctus. Experiments regard-
ing the possible direet control of prepupal differentiation
and molting by a hormone from the thorex are described in the
first section below. The secénd section concerns whethé;' a
ho‘rmone from. the head sets the mechanism in motion by stimu-
lating‘ ;secret_ion of the thoracic hormone.

(1) Differentiation and Molting
Factor Produced in Thorax

Larvae fr_ozﬂ .which chilling haui elim;i.nated diapause
were each ligated in two places: l)> between the head and pro-
thorax, and 2) between tﬁe ﬁe*hathorax and abdomen. They were
incubated in the wax cells previously described, and were ex-'
amined periodically. .The ehilling had lasted long enough so

that most larvae had passed through the transition perioed and
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were ready to begin post-diapause development promptly.
Other larvae were similaxly treaﬁed but were first permitted
to develop at 250 C. in their stubs for 2, 3, and Lk days.

The majority of larvae lig;ted on the fourth day
exhibited some development of all their parts. In six of
the group ligated om the third day, only the thorax developed,
while the abdomen and head underwent no change from the
original S-larval form (see figure_h). In other specimens in
this 3-day group in which all th;ee‘parts ultimately did
develop, development in most of the abdemens and heads lagged
behind the thorax by a few days. Few larvae ligated earlier
than the fhird day of incubation develeped at all. Complete
results are presented in Table IX. Abdomens and heads in
which development was slower than in the accompanying thoraces
are described as 'retarded” in the table.

Control larvae from this stock were incubated in
their stubs. Approximately one-third became prepupal on the
£ifth day, and one-half of the sixbh; in other words, five-
sixths were prepupae by the sixth dgy.of incubation.

Anterior sections of ligated lafvae, especially
isolated heads, did not survive as well as more posteriorv
ones, perhaps because of an oxygen shoréage. Yet, frgquently
a developing thorax ox evén'a head lived long enough to

become a mature pupal section (see figures 4 and 7).




- TABIE TIX

~ Post-diapause larvae ligéted behind head
: and metathorax

Number of days To’cal Total: Number in which the follow-

incubation before number numbexr ing sections developed:
ligated ' 1igated survived - Head Thorax  Abdomen None
0 . 25 1 0 2 | 2% 17
2 25 16 o 3 o 13
3 25 22 10 (9%) a7 11(8%) 5
y 25 20 13 15 135 ‘

* retarded . =

...ag-.




Fig

- C.

Id) partially pigmented pupa,

cinctus:

(& normal

S-larva,

%

(b) prepupa,

(c) unpjgmented pupa

and (e) fully pigmented pupa. X9,,



Fig. 2 - Normal S-tlarva. XI5.

Fig. 3 - Normal prepupa. Note pigmented compound eye and
fine wrinkles in the loosened larval skin. x15.



ig. 4 - S-larvae ligated behind head and netathorax: (@ no development;
(b) thorax pupated and pigmented, head and abdomen undeveloped;
(c) thorax pupated, abdomen developed only to prepupa, head
undeveloped; Cd) all sections pupal and becoming pigmented (note
pigmented compound eye).
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Compdund eyes became pigmented, mouthparts, legs, and wing
buds formed, and the larval exuvium was loosened, though it
could no’q ‘be shed.. Soﬁiéti-mes pignentation of fhe pupal
integument beneath the exuvium occurred. Other visible
‘changes employed in dec:i.ding whether or not a section of
insect had developed were the formation of optic lobes on the
brain, straightening out of the abdomen (see figures 1, 3,
and 4), the fine erinkling of the integument that indicated
the digestipn of its inner ,1a:>zers. preparatory to molting
(figures 3 and 6), and the digestion of the fat body, all of
which are plfepupal characters.

It may be concluded that a factor produced inm the
thorax is the promo;bexr' of pupal differentiation. In most in;
dividuals it has been produced and dispersed 1n the hemo-
iymph in sufficient concentration to complete its work ‘Ewo
days before the transformation to prépupa. _At this time,
if the head or a’pdémen is isolated from the thorax its
metamorphosis will not be stopped.

Three days befo:;e the prepupal transformation
the "thoracic ‘cen'ter'* has apparently been activabed but has
not yet secreted the minimum efféctive amount of its preoduct.
A thorax isolated at this time develops, but the rest of the
larva does not. A day or-so still earlier, the center has
not yet been activated and. even an isolated thorax will not

metbamerphose .




T “ ——-larva ligated behind head and metathorax.
head removed: no development.

rig. 6 - as iIn figure 5 thorax only has become pre-
pupa: . Note TFfine "Tinkles in skin of thorax,
showing here as small highlights.



- As 1In figure 5: thorax has become punal and
partly pigmented, abdomen not developed.

Mg. 8 - S-larva ligated behind metathorax: head
and thorax only have become pupal beneath
the unshed larval exuvium.
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An attempt was made to further localize the source
of this differentigtion factor. Larvae presumed'to‘be near
the critical period for its secretion were ligated behind
the head and through the mesothorax. ‘io obviate the
possibility of seepage from the head, it was cut off just in
front of the first ligature. Most 6f the isolated pro-
thoraces sooﬁ‘died. Nevertheless, in‘addition 10 several
specimens in which positive results were guestionable, two
prothoraces did begin to molt while their attached posterior
sections remained unchanged. Therefore the source of the
factor must be in the prothorax.

Holmes (unpublished) has recently found a strand of
tissue attached té the spiracle and lower main tracheal trunk
on either side of the sawfly larva's prothorax. It cleosely
resembles the descripbions qf the prothoracic glands that
produce the moltiﬁg or growth and differentiation hormone in
other insecté..

(2) Function of Head in Stimulating Pro-
duction of Differentiation Factor

Single ligabures were applied between various
segments of sawfly larvae. The first group so treated was of
the same stock as the larvae referred to in Table IX, and
were ready to begin post-diapause morphogenésis promptly
upoen. incubation. They were ligated Just behind the head,

prothorax, mesothorax, or metathorax after O or 3 days of
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incubation in the stub. In Table X resulits from larvae
ligated behind any of the thoracic segments are combined
because the exact posi‘pion of the ligature was not critical.
As before, some abdomens were cgpable of develop=

ment when isolated .from the thorax, or more precisely, from
the pi'othorax 5 on the third day of incubgtion. When larvae
were constricted behind the prothorax before any incubation
had been permitted, their abdomens did not develop.

| As long as there was‘no constriction be’cween the
prothorax and head, the section ’t:,ha_.t included the prothorax
was usually capsble of development (figure’ 8). In some
larvae ligatien behind the head after three days incubation
did not prevent developmeht of the sectiom combaining the
pro‘tl_lozjax._ Constriction behind the head at O days incubation,
however , did bldck development of the section containing the
prothorax. These observations are generally consistent with
the data presented in Table IX. Two O-day specimens that
developed (Tab;Le IX) may have already passgd”the eritical
period.r before the oi)eration, despite precautioms taken to
prevent it. In all, these data give strong supborb to the
idea tha:_b the d;’.fferentiation cente;c in the prothorax is
dependent for stimuwlation upon a second. endocrine genter in

the head, which functions four to six days before the pre-




~B1-

et

N -
N .

.
S, - n




TABLE X

Post-diapause larvae ligated behind the head
or behind the prothorax, mesothorax or metathorax

= Number of days Tetal Total Number of insects in which the
incubation before numbexr number following parts developed:

ligated Pogition of ligature ligated survived Anterior Posterior Neither

0 Behind head 25 16 0 0 16

0 Behind pro-, meso-, :

or metathorax 75 5k 28 0 26

3 Behind head 25 N 0 b - 13

3 ) Behind pro-, meso-, :
or metathorax 75 69 46 32(18%) 23

% retarded
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pupal transformation. The fact that a two-stage mechanism
of this type has been discovered in other insects strengthens
the idea.

In another ligation experiment, less advanced sawfly
larvae were used. They had not yet gone through the transi-
tion stage between diapause development and post-diapause
morphogenesis, and if incuﬁated ét 25° C. would nothhave
become prepupal until after the élgventh day. They were con-
stricted after O or 6 days incubation in their stubs, as
indicated in Table XI. A ligature behind the head prevented
develongnt even when applied after 6 days of incubation.
This fact would indicate tha# during the transition period,
which in this case included the first week or more of
incubatiqn, the endocrine mechanism is inactive. Hence,
transition development does not involve a siuggish funﬁtion—
ing of the mechanism, beginning immediately upon incubation;
rather it encompasses processes preceding endocrine activity.
Tﬁese processes are preparatory to the stimlation of the
"head center'”.

Temporary Failure of Endocrine
Mechanism as Cause of Diapause

In Parabiotic experiments larvae were joined in
pairs as previously described 80 that the hemolymphs of +the

two were confluent. In five pairs of developing prepupae
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TABLE XI

Transition period larvae ligated béhind the head .and metathorax

Number of days Total Total Number of specimens in which
incubation before number nuber  the following parts developed:
ligabed Position of ligature ligated survived Anterior Posterior Neither

o Behind head . L5 35 0 0 35

o Behind metathorax 20 20 5 0 15

6 Behind head 25 - 22 0 0 22
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Jjoined to diapause S~larvae, the blood frem the prepupa
caused the S-larva to commence pupal development. In two
other pairs this result was probably achieved but they died
before the S-larva was distinctly prepupal. Thirty~four such
parabiotic pairs out of 61 survived for more than 5 days. In
27 the diapaqse larva underwent no visible development. The
surgery and the possibility of some prepupae being unable fo
produce eﬁough differentiation factor for a pair of insects
eould account for many S-laryae'failing td develop. Con-
tréls showed that the surgical treatment itself was never
effective in breaking diapause.

The diapause-hormone relationship that Williaams
found in Platysamia pupae can be asgumed to apply to wheét
stem sawfly larvae. Essentiallj, all that is restraining the
morphogenesis of a diapause sawfly is a lack of differenti-

. ation factori I this-iaértificiaily supplied, the diapause
tissues are quite coupetent to develop. The primary problem
in inducing post-diapause de%elopment is‘mérely one of
initiating the two steps in the endocrine mechanism. Diapause
development entails the preparatioﬁ neéessary for these

reactions to occur naturslly.




~65-

Relation of Dryness and Heat to Endocrine
Mechanlsm and Diapause Reinstatement

Short exﬁosures to heat were suspected of stimu-
lating the activation of the endocrine cenbter in. the head.
To test this idga, larvae that were‘still in the transitien
period were heated in their stubs in moist soil for O, 1, and
-2 days'at 350 and. 10° C. They were then incubated exactly 21
days at 25° C. and examined. Table XIT shows that each brief
heat treatment had a marked effect, causing development to
begin much earlier than ordinarily. Since prepupal and pupal
moxrphogenesis at 25° G. is nearly constant, it can be assumed
that the period before morphogenesis began was reduced by
more than a week. Had the high temperatureitreatments been
extended some days longer, the larvae ﬁould have failed to
metamorphose and would have re-entered diapause casiS-larvae
instead (Salt, 1947). Most likely high temperature first
stimulates the "head center", presumably the brain, to activ-
ity. Then, further heating has a deleterious effect on tﬁe
‘hormone produced in the head, or on the activity of the pro-
thoracic endocrine center.

Two experiments were performed to deée;mine whether
this destructive action of heat affects the hormone from the

head or a later stage of the endocitine mechanism. In the

first experiment, 20 larvae that had begun post-dispause




TABLE XIT

_ Stimulabory effect of short heat exposures

on the initiation of poab-dispause development in transition period larvae

~

Number of the fdllowing forms produced by 2L days incubsbion:

Pigmented White
Heat breatment Adults - pupae pupae Prepupae S~larvae TPotal
. None 0 0 1k 11 1 . 26
. None 0 -0 13 11 0 - ol
1 day at 350 C. 0 8 12 0 0 20
1 day at 35° C. 1 10 12 0 1 - ol
"1 day at 40°.C. 0 9 18 0 0 o7
1 day at 40° C. 2 10 11 0 0 23
2 days ab 35° C. 8 11 3 0 0 29
2 days at 35° C. . 15 7 0 0 . 26
2 days at 40° C. 1 17 8 0 0 26
2 days at 40° C. 6 18 3 0 0 o7
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development were ligated at the metathorax. In 16 of them, -
the abdomen developed desﬁite fhe ligature, thus showing
that'the prothoracic product had already been seecreted in
four~fifths of the sample. Fifty-five similar larvae were
exposed to 350 C. for 12 dajs in_thei; stubs, and then were
incubated. In only two of them was diaéause successfully re-
instatéd. Two developed to aduits, and 51 died, most of them
after ha%ing exhibited abnormal prepupal development during
incubation. '

,in the second experiment, two groups of post-
digpause larvae were used. dne group had completed a few days
of post~diapause development in the field, and the other had
not. Sqme of each group were ligated at the metathorax to
determine the approximate proporbion of them in wﬁiéh the
prothoracic factor had already been secreted at the time of
treafment. Others were sﬁbjected to a diapause~reinstating
treaiment of two weeks at 35° C. in their stubs, after which
they ﬁere incubaieaf The two-wee£_35° C. treatment had
previousiy been tested and found ample to return to diapause
all larvae that were cafable of it. Results of this experi-
ment are given in'Table XIII.

The two-éxperim?nts demonstrated the same point;
if a portion of a group of larvae has secreted the differ-

entiation hormone, as large a portion has passed the
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TABLE XIIT

Diapause reinststement by heat :
before and after secretion of ’qhe differentiation factor

Larvae ligated at metathorax  Larvae heated two weeks ab 35° C. in stubs

Numbér in which ‘ Number that
differentiation factor Number in which  developed  Percentage in
Had been - Had not dispause was wholly or which diapause
Condition of larvae secreted . been secreted reinstated partially was reinstated
Not developed 0 . 20 181 5 o7
Partially developed Iy 11 59 4o 58
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eritical period fer dispause reinstatement. By the‘timé the
" differentiation factor has been released from the prothorax,
a larva is no longer éble te return to diapause. In reinduc-
ing diapause, heat must act on the ?irst part of the endo-
crine mechanismdl Probably the high‘temperature disrupts the
action of the hormdne f?om the head before it can activate
the prothoracic endocrine center. If the "head hofmone" is
not already being secreted when the insect is subjected to
heat, the heét first stimulates the hormone's secretion and
then exerts its destructive action. |
Experiments have shown that a severe moiéture_

deficienpy can prevent or deléy post-diapause development.
This effect might be brought about either by blocking the
endocriqe méchaﬁism‘at its very inception or by disrupting it
while in progress. jhe~formér alternative seems the more
likely. The rgtarding agtion of drymess is in contrast %o
heat's stimulatory effecﬁ'on the endoc:ine center im the head.
By preventing or hindering the aétiva£i0n of the hormonal |
centér in the head, dryness could be antagonisfic to the
reinstatement of diapéuse by heéi.’ It ﬁhe inte;pretations
given here are correct, heat, in order to reinstate'diapause
in desiccated larvae, would first have to overcome the in-
hibitory action of dryness and stimulate the endocrine

mechanism into activity. Then its destructive action could

begin.‘
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Heat and dryness have been discussed here as if
thelr action on thé endocrine mechanism were direct, but
their influence oﬁ the mechanism may actually be exerted
indirectly, by way of other body functioms.

Whatever may.be the validity of the hypothesis out-
lined. above, this work has more closely defined the sensibive
period during which external influences may stop tbe
initiation of post-diapause morphogenesis and reinstate dia-
pause. This sensitive peried has been correlated with
endocrine activity. It bégins with the sfimulation to
activity of the endocrine center in the head, and has ended-
before the prothoracic endomﬁnmyéenter has secreted its dif-

ferentiation hormone.
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DISCUSSION: ROLE OF NERVOUS SYSTEM IN DIAPAUSE

In insects studied thus far the finél stimulus to
begin molting and differentiation is carfied to the tissues
by the hormone from the thoracic glands. The secretién of
this bormone is brought about by the action of a stimulatory
hofmone from neurosecretory cells embedded in the nervous
system. Thgse or simlilar neufosecretory cells have also
béen found to provide the stimilus for other endocrine
systems in invertebrates and vertebrates (8charrer and
Scharrer, 1944, 1945). Histological examination indicates
that neurosecretery éells,<although they have gcquired a
capacity for hormone secretion, have not lost thelir original
nervous function. Consequently, Scharrer (l95é) believes
that these peculiar cells serve as connecting links between
+he nervous and the endocrine systems, thereby co-ordinating
thé control exerted by the two systéms over the oféaniSm's
physiology.

| It is likely that strictly nervous elements control,
or leastwise greatly influgnce, the activity and timing of
secretiog of the neurosecretory cells. A number of facts
support this concept. Boumhiol (1952b), working with
Bdmbzg larvae, found that at a certain stage of development

the brain provides a hormonal stimulus for differentiation.




-T2
At that time removal of the brain prevents development,
whereas removal and immediate re-implantation of the brain
allows development to proceed, despite the fact that all the
5rain's nervous comnections with the rest of the body have
been severed. About 2L hours earlier, hgwever, presum;bly

before the secretory cells im the brain have become activated,

severance of the brain's nervous connections Yol rohibits
- . P .

development, though the brain be re-implanted as before. It
seeﬁs that the_brain‘itself must receive the proper impulses
through its comnective nerves before it can release the
endocrine mechanism. Furthermore, Wigglesworth (193k4)
demonstrated tha$ in_Rhodnius the brain triggers the mp}ting
process in respounse to a stimulus provided by distension of
the abdominal wall accompanying ingestion of aAlarge blood
meal: Probably the vwitimate control of molting lies in the
nervous system, being effected by way of the neurosecretory
cells and thoracic glands.

It was related in the Review of Literature that the
molt and differentiation normally occurritgrafter diapause
can often be induced somewhat prematurely by various physieal

and. chemical shocks. Such shocks presumably must stimulate

" the nervous system vlolently. An insect undergoing a strong

diapause apparently does not respond to shock treatments.

/
Once the main part of diapause development has been completed,
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or_if diapause was originally weak, and "the stage is nearly
set".for further development, a sﬁrong stimglus will invoke
‘the nervous-hormonal mechanism and development will begin
immediately. It was shown that C. cinctus larvae in the
transition period can be induced tq pupate if given a stimlus
such as a short exposufe to heat. If the stimulus is not
forthcoming and the larvae are kept at.a moderate temperature,
in due course they do develop. Maybe their threshold of
response is grgdually lowered during trané&tion‘develqpmént-
until the mechanism is released in response to such stimuli
as are always in or around the insect. 'In some species,

however, this presumed lowering of the threshold does not

occur to the same extent as in C. cinctus. ILocusts will not

commence post-diapause development unless stimulated by a
rise in temperature (ILe Berre, 1951).

There is géo& evidence that, essentially, only a
hoxmone lack keeps diapause insects from developing, for the
tissues of a diapause ;nsect are cqmpetent to develop if
provided with molting and aifferentiation'hormone. The pro-
cesses essential to_diapguse developmentlmust then be con-
cerned With'prepa:ing the insect to produce andhrelease the
hqrﬁoﬁe. Thége processes may perform one or both of th
possible f@nptions,'Qizr, 1) the actual msnufacture of a

supply of the hormones to be secreted, and 2) the conditien-
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ing of the insect t0 ensble the nervous system to receive an
appropriate stimulus, and respond by releasing the endocrine

mechanism. The second functien would probably be the mpré ‘

~ critical and sensitive. The conditioning ceuld conceivably

take place in the nervbus system alone, particularly the
brain, but more likely it involves other parts of the -
organist A physiological cenditien may be built up in the -
iﬁsect; Which makes the mervous §1ements responsive to an
gppropriate stimulus, or which itself serves as the stimulus
necessary to release the endocrine mechanism. In diapause
the_reactions that hasten the provision of an internal
envibronment suitable for neuro-endocrine activity have been
diverted or are delayéd by other reactiéns. In non~-diapause
instars this does .not happen.

Andrewartha (1952) thinks that is is lacklof food
in an availsble form that keeps the hormonal mechénism inactive
during diapause. His theory de:ives some support from t@e
changes'that have beén noted in the fat body or XOlk of vari-
ous'insects during diapause development. He believes that as
soon as the inaccessible food reserves are made gvailable or
"mobi;ized", or enzyme systems have been set up to do this,’
then the differentiation hormone mechanism is released. Pef-
haps the condition of food reserves affects the threshdld of

response of the nervous system. But other factors cemprising
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the physiological state of tﬁe animal may be more important.

Activation of the brain may depend on the presence of minimal

amounts of one or a number‘of essential materials, the pro~
duction of_which is inhibited or promoted by/Qnuatless inter-
nal and external conditions.

In the evolution of many insects the tendency to-
wards diapause has been gelected because of its winter
survival value. Other characteristics have simultaneously
been selected because of their value in surviving the same
adverse conditions. For example, én extra amount of food'
material is stéred to nourish the insect while it is unable to
feed during the winber. A reduced water content may be an
aid to Winter suyrvival, or it may'be a secéndary adaptation
of the insect to the dormant state. The presence of large
food reserves. end low water content would nétrudlly be coxr-
related with the occurrence of'&i&;puase if they all ultimately
served the same pﬁrpose, that of winter survival. The '
frequent co-existence of these characteristics with the dia-
pause stgte does not prove that they and diapause are inter-
dgpendenﬁ. Their influence on the developmemtal block and

its elimination may be small.
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SUMMARY AND CONCLUSIONS

Sawfly larvae were found to absorb contéct moisture
during the latter part of diapause and during the first part
of post—diapause development. Moisture thus absorbed was not
necessary for normal diapause dgvelopment. However, some
speéimens required some of this supplementary water if +they
were te begin poét-diapause morphogenesis.

| Desiccation at temperatures Qf 250 C. or higher had
little effect on reinstating diapaﬁse in post-diapaﬁse larvae
in their stubs. Moreover, reductiens in body moisture-
previously created by prolonged dehydrgtion at 0° C. did not
enhance the diapausé-reinstating activity of heat.-

| Proloﬁged desiécation at 0° C. did, however, pre-
vent many.post-diapause larvae from commenc%n% morphegenesis
when they were subsequently incubated in ;ﬁ;; soil. In
other larvae this treatment.only delayed morphogeﬁesis.
AttémptS‘to eliminate by chilling the developmental block
caused by dryness have proved unsuccessful.

By means of ligation it was dembnstrated that post- -
diapaﬁse morphogenesis is controlled in C. cinctus by a
differentiation factor produced in the prothorax. About two
days before the S-larva tfansforms into a prepupsa this

factor has been secreted into the blood in sufficient
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quantity to initiate pupal development. Henceforth, further
activity by the prothoracic center is unnecesséry. Additional
experiments indicaied that the secretion of tﬁis differenti-
ation factor is in turn prompbted by the action of a .
stimulatory substance produced in the head, presumably by
the brain.

Diapause is primarily the result of a léck of dif-
ferentiation hormone. A diapause larva can be caused to
develop'if it is provided with post~diapause Hlood by join-
ing it to a developing prepupa. :

When a larva just out of diapause is subjécted
to heat, a short exﬁosure stimulates‘the endocrine mechanism,
thereby h;rrying the initiation of morphogenesis. However,
a longer exposure spparently destroys the mechanism in its
early stages of activity, since it returns the larva to
diapause. Because this developmental arrest produced by
heat can be eliminated by appropriate chilling it therefore

myst be a true diapause. Diapguse can be reinstated only
before the differentiation factor from the prothorax has
been secreted.

Partly becagse of thé fact that heat at first

stimulates the initiation of development, whereas dryness

- retards it, it is suggested thai, in preventing post-diapause

development, heat and dryness act in quite,diffefenﬁ ways.
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Because of the failure of éhilling to eliminate the develop-
mental Block introduced by dryness, it is further suggested
tﬁat dryness may not reinstate diapause at agll, but produces,
rather, a pathological condition inhibiting development.

| On the basis of expe?iments described here an@
others‘reported in the literature, it is proposed that the
ultim@te control of the.initiation of post-diapause morpho-
genesis is exerted by the nervous system. Diapause develop-
menﬁ, which culminétes in the elimination of the developmental
ﬁlock, %hen; embodies a conditioning of the animal so thab

the nervous system'can become suitably activated.
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