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LOSS OF WATER IN RELATION T0 RODYSIS

INTRODUCTION

' Water sconomy 18 a necessary complement of
terrestrial 1ife. The limits of terrestrial 11&0.
are, in part, Getermined by the organism's ability
to utilize and conserve the water of its enviromment.
For.amali organiems of terrestrisl habit the large
surface~to-mass ratio and consequent surface evapor-
ation makes the problem of water conservation partic-
_ularly acute. It is therefore remarkable that the .
inesots constitute the most suscesaful group of
terrestrial animels; snd it follows that their suoccess is,
in large part, due to their ability to utilize and
congerve watsr in widely divergeﬁt eavironmento,

Insocts may lose water from the body surface and
-the glimentary canal, Aaaptationa for water conservation
may therefore be sought at these placsa., Thus, the
1nteéumant of most insects is waterproof (Wigglesworth,
1934) and wntér-loss from the body surface (in dryvair)
is related to respiration and the resultant opening and
closing of the epiracle sphinoters, The control
exorcised here is mechanical ahd any factor which tends
to reduce roapiration, ‘such aé pfolonged gtarvation -

(Buxton,1930), will antoﬁatioally reduce the water-loss
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from the body eurfé@a and permit thélineoot to survive
fbr 10&3 periods, Wéter—loﬂs from tpo alimentary
ocanal is reduced in a large number of ;naoots by
reabsorption of witer from the contents of the reotum
and by the exoretion of urie aoid which ie inéoinble

and can be eliminated without water (Wigglesworth, 1932),
Thus the meal-worm, which is capable of surviving long
periods of desiccation (Buxton, 1930), exoretes urio
éoid and releases the faeces &as a dry pdw@er. (Wigglesworth,
11932)..  Bsboock (1912) hae indicated that grain weevils,
elothée mothe snd other insects living on very éry foode
éenffe méy'rexain gn@ nsé the water of.mstaboliam;
Buxton (1932) ﬁéa pummarized the literature 6nAthé water
relations of terreotriel insects, |

| The time of moulting in insects eoﬁatitntaa 8
period in wh&cbgthe organiaem would appeer %o be |
pag§1oular1y'vu1nérable eb watarblgsa by avaporatlon'
from the body'aﬁrfaoa.  If the moﬁltang fluid were

lost at,eodyaia, aﬁn 1fvthe‘new cuticle remained
permeable to water £or some time, the insgot would
snffef severe loss of water. Wigglesworth (1936) alone,
‘has considered the vatér-loee at ﬁhieAimportanﬁ period.
He has shown, that for ghe imaginal moult qf Rhodnius -
groilxua. the extfa loss of water is amallxdue to'the
almost complete reabsorption of the moulting fiuid and
the near impermeability to water of the new ocuticle |

before the old cuticle is shed.

2.
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At the consation of feeding, prior to ecdysis, the insect
loges ite means of gaining water while evaporation and
defeecation (until the gut is almost emptied) continue

" to qlim&nnte it,_ Thus it seeme that at this imﬁbrtant
atage of ite dévqloyment the animal mmet lose considerable
amounts of water, t6¢thelaetr1ment of its water balence,.
However, Qeiester (19}1) has shown that the aot éf
uonlting'éroddeea no change in the proportion of water

in phe-meal‘woﬁm;‘ The meal worm may present a gspecial
omse but it scems probably thst terrestrial insects,
exhibiting a consistent water economy, will have developed
some means of maintaining thoir water balance at the moult.
- - Losa ef‘wazerjfram the elimentary canal of insects has
not.beenlstn§@ea quentitatively. - Wigglesworth (1932) hae
shown that it is to some extent controlled. Moreover,
large differences in the amouit:of water lost from the
alimentary canal are found 1n’different groups of -

insects (Wigglesworth 1932) and it appesrs that changes
may be induced in individusle (Wigglesworth 1933a)

The present study preeenta‘aatn,£0r the loss of water
by evaporation and with the £aécaa of Dixippus mofoena
during ite development from the third instar to the
adult,
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10S8 OF WATER IN RELATION TO ECDYSIS
METHOD

Nymphe of Dixippus morosus were reared in indiviénal
cagéa from the third instar or fourth instar to aénlts af
‘ 23° ¢, Two Bets of three individuals were uged, one Qt

" relative humidity 40 per cent, éver caloium chloride mha
the other in "saturated® x air over watér. The insects

wore fed on fresh T:adéscanexa leaves,

Dixippus feede’hegvily at night and very little during
the day. Accordingly, tho animals were taken from the
leaves eérly 1ﬁ’the moraing, weighed, and placed in clean
glase vesgels withont food or water. After nine hours

~ they were again weighed and then placed on leaves 8o that

they might feed again during the night. This proeess
involves little interference with the normsl life of the

insect,

- The faeces (1f any) which were lost .during the nine-
hour period were carefully collected, dried to oonatént
weight over sulphuric. scid and weighed, ‘

Al) weighings were made on a ohainomat;c’balanoe
accurate tozé.l milligrame,

® Although & hair hygrometer registered 100 per cent

§ humidity it seems unlikely that the air wae really
saturated since the glass tank in which the insects
wera kept was covered with a glass top railsed % of
an inch above the sides, The insecte continued to
loge some water by eveporation in this atmosphere.
‘Mellanby (1932) has indicated the difficulty of
obtaining true saturation, : S
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| The original weight minue the weight at the ond of
nine houra gives the total lose; and subtracting from
this the weight of the déry faeces, gives the loss due to
‘evaporation and wﬁter lgatiwith the faeces. Given &
value for avaporstion #t ia then possidble to caloulate
the amount of water 1ost with the faeces.’

This réasoning asssumes that loss of weight is
entirely due to evaporation and defaecation, and that
the weights involved in the respiratory exchange may be
overlooked. This ngéumpticn requireg some examinstion.

Mellanby (1932), Gunn (1933), Koldsumi (1934),
Buxton (1930) and Ramsay (1935) have shown from & wide
 variety of insect material that, provided the insect does
not eét 6r produce faeces, loss of weight may be used as
& satisfactory measure of lbaa of’wasor‘ﬁy avapofation.‘
This method was used by Wigglesworth and Gillett (1936)
to estimate the amount of water lost from Ehodnius
prolizus at eodyalﬂ. Buxton (1930) has estimated the.
weight of carbon lost by respiration from starving
mealeworne and shown &t to be smsll enough to be neglected
in moat cases.

Gunn (1933) has diaoﬁaaed the factors involved 4n
the change of ﬁeight of a starving inseoct., If the
ineeot 18 nllowea to takas neither food neor water. tho

.ohanga in weight may be expreseea Y-
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W; + a0p = Wy ¢+ bCOp ¢ cHg0 + fasces (1.)

Wy end Wé are the weights of the animal before
and.éffer & certain period and a, b, and o are the
woights of the raspebtive gaaaa,inapirod or oxpiréd
during this period. Expressing the respiratory
qnoﬁient (ReQa) in terme of weight the following
equation may be derived from (1).

Wy - Wg=al, ( -E—R.q. - 1) & 02120 + faeces (2)
The expression &lo ( _BeQs - 1) will represent the
weight involved in the ra_épimto:*y gi:ehsnge_.’ I£ the
' reopiratory quotient.is Ce73 or % » the value of thie
expression will be zero and vespiration inp itself will
- produce no change in weight, IXf the velue of the
respiratory quotlent goes &s high as 1.0, as it may
in Blatta orientalis (Slater, 1927), then CGunn {1933)
galculstes that the upper limit of the change in
weight .due to respiration will be 10 per cent, of the

~ totale.

Dizippus morosus is 8 very sluggish inseot

particularly during the day, when 4t will remain for
long periods gquite immobile. It is reasonsble to
assume therefore that ite metaboliem is low. In '
gupport of this ie the observation thet even a first-

instar nymph will live for more than two weeke at room

temperature without food, provided the atmosphere i@
kept moiet,.

. 6'.
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LOSB OF WATER IN KELATION TO EODYSIS

Buddenbrook and Rohr (3.9:!5) have published date for
the reepiration of adult mxing From their figures
tho writer has ealeulatoa the respiratory quotient and
the actual lo#s in weight due to recpiration, At 239 ¢,
for a perio@ of 9. hours {the temperature and time intorval
of the experiments réporta@ below) the loss is 0.45
- .minigrama. - Assuming the weight of an adult Dixippus to
be 1 gram (a conservative estimate), the loss due to
recpiration during thie period is 0.085 per cent. of the
body woight., This %6 o nogligible velus, The present
study is baeed therefore on equation (2) sbove, where

g% ¢ % ReQe « 1) i8 negligidble, and therefega;

Wy = ¥ig = oHy0 + faececs (3)
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L0SS OF WATER IN RBLATION T0 ZCDYSIS =
1088 OF WATER FROM THE BODY SURPACR

- Water is lost from the body sﬁrfaee of 1@590@6
mainly by evaporation from the epiraoles; dut it nay

'~ 8leo Ve lost from the general body surface (Rumoay, 1935),

Buédenbruok and Rohr (1923) have éEOWn for Dixipggé-that

appfeoaable amounts of water‘ara lost in this way. We

ere not here oonoernoa with the eite so mnch as the

quantity of’water-loae.

If it wore possidble to héigh the faeeeeﬂaqcurately
fmmedietely upon release, then the 1095 in weight due to
evaporation could be easily cslculated from (3) ebove, as:
- Wy = Wy - facces = cHy0 (%),

However, due to the evaporation of wateér from the wet
facces and the minute weiéht of a single faecal pellet,
thie 1e impracitcable. An alternative mothod is to
find a period when no faeees ere lost. '

Two and eometimes three dayo before ecdysie the
nympha of Dixiggne oease feeaing. ’After one op
occesionslly two dsye of festing the"gut_ia almost
. emptied andldéfaqueion otops until after the moult.

.'ﬁqripg thie period 1t xe‘ppaaible to got an acourate
?alue fb: water 1ost'by evaporatxon{ since: |

Wy - Wp 3 0,0, (5).

This is the method used by Wigglesworth and Gillett
. (1936) to estimate the loss of water from Rhodniug prolixus
at the last moult. *



‘1088 OF WATER IN RELATION TO ECDYSIS

Pigures 1 and 2 show the sbsolute values for
eveporation at the two humidities and the values
relative to body weight. The weight4o£ the exuvium
. hes beon subtracted from ihe_lesa at ecdysis, so ﬁhat
all velues represent water lose only, .

Thefe is little or no inoresse in evaporation
before the moult although the 0l6 cuticle has been
largely digestea at this time and must be very thin.
'This supports the view of Kihnelt {1924) that the
waterproof character of theuauticiq repides in the
epiouticle and 1q'ih'cadp§éte sgreement with the
work of Wigglesworth end Gillett (1936) who give
values for five daye precaeﬁing.thg moult of |
Rhodniug, | .'

At the time of actual edaésis theres i & aﬁa?p
increase 1n.evaporation emounting to sbout fdur times
the Upre-moulting® velue. This is tine for every
instar observed and for both bumi&ities. Moulting~-
occurs at night, and the next day evaporation has
fallen to eamewhere near the "pre-mpulting“ lovel..
At the lower humidity, sveporstion falls to, or even

below, the ®pre-moulting® levélg‘at the higher humidity,

\ovaporation falls to & point somewhat higher than the
"pre-moulting® level on the doy after ecdysis.

9
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Fige I - The of water at ecdysis for three individuals reared at 40 per cent. relat unidity.

A - The absolute loss. Ordinate: loss of weight in milligrams per nine hours. Abscissa: time-seale.
Two intervals are equal to one day. The plotted points represent éither the observed loss of
weight during nine hours or the loss of weight in fifteen hours reduced to the equivalent value
for nine hours. The solid rectangles on the abscissa mark the periods of sectual moulting. The
solid diamonds represent the periods befween moults, snd the romen numersls, the instars.

B - The loss relative to body weight. Ordinate: loss of weight expressed as a rercentage of body
weight. Abscissa: as above. The broken line links the values calculated for the normal loss of
weight and the solid line does the same for the increased loss at ecdysis.
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Pig. 2 -~ The loss of water at ecdysis for three individuals reared in "saturated" air. ‘
A - The absolute loss.

B - The loss relative to body weight.

The ordinates and abscissse are the same as those of Fig. I.
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At the lower humidity evaporation in any ziven
instar zs‘abcub twice the evaporaeion at the higher
humidity. This réletionship holds for doth the
“pre—mnui@ing* And fhe»"mgulting" levels of evgporation,
The phenomena are therofore essentially parallel for both
humi aities, ) ,

Prom moult to moult the wator loss at both levels
of evaporation inoreases by 2; and from moult. to moult
Dizippus inoreases itéfweight by apprqﬁimaéely 2. A%
either level thersfore e@aporation maintaing & constant
relation to body weight, the lose by evaporation increasing
in direot proportion to the increase- in mnes, In ?18.'6
1B an& 2B, tho evapoiatioa iavexpreseed asva ge:centage
of'ihe body weight and tho plotted points ibr the various
instars fall on two streight linen corresponding to the
' Spre-moulting® and the highor "moulting® levels of
evaporation., There is no increase of body weight at
the timo of ecdysis. The "moulting® level of evaporation
is accompliched therefoge by an increased rate of
evaporaﬁion per unit of mass; but at either level, from
moult to moult, evapqration i8 meintained in linear
proptrition.to mass, | ,

Theso rosults will be further considersd in the

Disoussion.

10.
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LOSS OP WATER IN RELATION T0 EODYSIS
LOSS OF WATER FROM THE ALIMENTARY CANAL.

.W§t9r~loé§‘from the alimentary canal may dbe
derived from the Malpighian tubules and the mid~.
inteatine, bbth of whioch gmpty-their‘proﬂucta into
the hind-intestine, Horo, the reotel epithelium -
effeots a partial or sometimes, total, absorption
of water before the faeces are roleased. (Wigglesworth,

1932), The amount of water lost from the alimentary

' canal is, therefore, the amount of wator present in

the faeces, and this amouﬁt will be & function of the
absorptive activity of the reotel epithelium. Zhue,
the rootal epithelium appears to bde the eseat of an
1mpértaﬁt part of the insect's water-conservation
méohnniem. I ite sctivity conetant or does it vary
with changes in development and environment?

A indicated above, it is impracticable to measure
direotly the amount of water in the fseces immediately
upon their release, An indirect msthod must therefore
be usoed. |

Prom (3) above,

‘ ¥y = Wy = cH40 + faeces,

where Wy and W, are the weighte of the insect before and

after 6 period of 9 houra'and<cﬂéo ie the weight of water

lost by evaporation. "Pasces® as written here is
composed of é&ry materiéll(ja) and water (Fw), and we may
write:

11,



L0SS OF WATER IN RELATION 70 ECDYSIS
The woights of the inseots before and after s period of
‘9 hours (Wy and Wp) and the iry weight of the faeces

los¢ during thie period (Fd), are known. ¥rom (6) then,
the aotusl woight of water lost by ovaporation and in the
faoces, ia: | ‘ '

KOW' W - W - Fa 169‘ -wiil_axprese the percentage of
- W - : X » ' :
A\ﬁi ﬂé

the total loas lcst es water,

Fig.>3A showe typiéal'valnee of this ratio for the -

last four nymphal instsrs, It is apparent that most
of the loés ie due to loes of water, mbreovér, the
value of the ratio, in eny instar, remains more or less
constent until just prior to the moult when it is sharply
depreseed. - This moans that juat befbra the moult &
smaller proportion of the loss in waight is attmibnt&ble
to water, or, conversely, & larger proportion is due to
dry material. %he water 19 lost by evaporation and
with the faecss. Consegu 'r% 1y, ons or both of these
components must decrease prior to ecdysis to segount for
the decrease af’th@ ratic at this time. But we have
ghown above that evaporation increases with increasing
body welight and will therefore have & higher value
towards the end of the instar than at the beginning.



Pig. 3 - Data for & single individusl showing typical values.

A - The circles and solid line indicate the values for the percentage of the total loss of
weight (during nine hours) lost as water (water of evaporation plus water of faeces). The
triangles and broken line indicate the values for the percentage of the totel loss of
weight lost as water with the faeces.

B - Ordinate: dry weight of faeces lost in nine hours. Ordinate marked in milligrams.

The abscissae is common to both graphs and shows the time in days. The solid rectangles
mark the periods of ecdysis and the roman numerals denote the instars. The crosses
indicate the cessation of feeding. .
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f-l‘h.q. deorense of the ratioc must therefore be due to a
smame; smount of water ;nb the faeces, Thus it eppears

| 'zh&t. prior to the moult, the dry component (dry weight
of faecas) of the loes in weight is accompanied by a
emaller pmportién of water. The insect might be eaid
to prepdre for the process of moulting, with its resultant
loss of water (Pig's. 1 and 2), by retsining écme of the
water that is normally lost with the fasces.

- Theé Gepression of the value of the ratioc, "percentsage
of the totel loss lopt as water®, i8 in every case
followed by a rise in thi’s value, This ogcurs on the
last day of defaecation when the amount vf faeccens 1e
very small (Pig. 3B), apd mey be explained as £ollowss
¥hen no faeces are 1ost, the percentage of the total
loss lost as water will be 100 per cent. sinee evaporation
“agcounts for the entire loss, Similarly, when the amount
of fasces is very sman.,. most of the loss will be due to
, vevapoxéauon‘ané the ratio, Fparoéntaga of the total losse
lost as water® will have & high valueg. |

If now, we exclude that part of the loss due to
‘evaporation and express the ratio in terms of water
lost only in the faeces, it should show & steadily
deoreasing velue with no final upwardé tilt. From (7),
tho weight of water lost with the Paeces will be:

Pw = Wiy Wy - F4 = Gﬁao‘, @.

¢
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'A valué for the weight.of water lost by evaporation,
{cHp0), 48 avpiladle when defascation. ceases before ecdysis
(Fig.'s 1 and 2). W, W, ard P4 are knosn. Substituting
thesie values in the above égﬁatﬁon'giveg the weight of

water lost with the faeces, The ratio, Wy - Wp - P4 - cEy0

will now exprees the pefcentaga of the total lo8s loat an
wator in the fasces, o o

The values for this’ ratio are plotted on.Fig. 34
{broken 1ine and triangies). The pointo flnotuate
rather widely botwaen BQ ger»gent; and 90 por cent. until
Just befbre‘eeéysia when there i a »ehérp. uninterrupted
decrease. The vory low value on the last day of
defaccation 1s to be expectod eince st this time a large
part of the total loss ie due to evaporation, and the
smal) amount 6f faacas 1m§1iqs & amall value for the
percentage of the total lose loat as watef in the faeces.
However, the preceding lo6w value of ths ratio is .
eccompanied by no aignifié&nt change gfdm tho nowmmal
ambunt of faeoces (Pig. 3B) and we must conclunde that
‘just bofore the mouit the Taoeos are eliminated with
lese water than at any other timo during the instar.

A further considerétion of the amount of water in
the faeces emphesizes this conclusion, It hag been
shown above (é), that thoe weight of water 10st with the
fagces may be oxpressed as: |

Fw o Wy - Wp - P4 - oHo0
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Frem this, the totai welght of the faeces (dry material

plus water) will be:

The ratio, W; = WB_‘ Fa - o0 X 100 wiil then exprése
Wy « Vg =« clo0 : ) ,
the perecntage of water in the faeces. .

Fig. ¥ presents in graphio form the valneé of this
ratio fbf the six individuale used in this study. Just
before the moult the percentage df water in the foeces is
oansiaerably leas than at any other 4 ime during any instar,
The commation of feeding always ocomrs after the initisl
and usually after the final decrease of the ratie.
percentage of water in thm faecea", "he final &screase
18 often fozlowed b7 a elight rise in the value of the
ratio and thig rise corresponds to the last day of
dofancation, There is s teniency for those insscts
reared at the lower humidity to aliminate drior faooes
SJuste before the moult than thoae reared at the higher

humidity.



20 25 |30 35 40 .45 ] 70T
FPige 4 ~ The percentage of water in the faeces. The data for th ix individuals are plotted on six
seperate ordinates, the ordinates showing the percentage of water in the faeces. The
abscissa is common to all the data and shows the time in days. The romsn numersls indicate
the times at which feeding ceases. ,
Numbers I, 2 and 3 were reared at 40 per cent. relative humidity.

Numbers 4, 5 and 6 were reared in "saturated" air.
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DISCUSSION

Wigglasworth and Gillett (1936) have shown for
Rhoaniua prolixus that there is no increase in evaporation

before the moult; but at the time of moulting evaporation is
about doubled. Figures 1A and 24 of the present study

1naicgte‘that for Dixippus morosus evaporation is inoreased

roughly Zour timee at sedysisa. This is true for all
instars examined end at both the high and low humidities.
Moreovet.Athe “normal® (L.e. - pre—mouléing) amount of
water loot by evaporation is greater for Dixzippus than
for Rhodniué. At O per qent. relativo humidity and o0 C.
Rodnius loses ebout 1.5 per cent. of the body weight per
iem, while at 40 por cent. humidity ana 23° ¢, Dixtppus
loses about 3.1 per cent. par diem. Both the "normal®
loss and the extra loss at moulting are therefore; af'a
higher level in Dixippus then in Ehodnias, It is
Sugzested thet this aifference is related to the aifference
in the normal habit of these two inseots, Rhodnins living in
an arid anviromment while Dixippng 1livee aaé f6685 on more
or less lush vegetation, |

As in Rhodnius, Dixippup dhows no marked incrsase in

evaporation before the mouit, although the olad cutiole
mat be very thin at thie time, A8 pointed out by
Wigglesworth and Gillett (1936), "That supports the view that
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éha waterproof properties of the inseot oﬁtiolé reside in

the outermost, non-chitinous, layer - the epiocutiole
(Kinnelt, 192d)e o

Although Bhodnius loses less water than ﬁixigg ue

~ during actusl eodyeis..thza loes remains above the “"normal®
level for about 5 days, while the evaporation from Dixippue
apparently retugna to "normsl® within adout 1 day. In fact ,
the loss from Rodnius on the day after ocdysis is very 1little
less than the loss on the day of ccdysis, and decreases ‘
gradually until a conetant level is reached on the fifth day.
Peeding ocours after the eighth day. Thig whole period ie
' greatly abbreviated in Dixippus. Eedyeis, with the associated
high loss of water by evsporation, takes place at night. The
following A4ay evéporatioh has fallen to about the "normal®
level, and feeding usually begine during the ensuing night.

At the higher humidity (Fig. 24) on the day after ecdysis,
evaporation i@ sharply reduced from the “moulting® level
.%o a value somewhat above the "normsl®, At the lower
humidity (Fig. 14) tho evaporation on the day after eodysis
aotually falle below this "normsl”, Thue it seems that
although Dixippus loses more water then Rhodniue during

aotual eodyeis, this loss is effective for a much shorter
period and the total loss aasooiated with moulting will de
about the same for both inaseots.
| It follows from the above that, whatever property ie
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‘respOneible for the reduction of‘GVapoiation after the moult,

its action is more rapid in Dizippus than in Rhoénius. The

literature contains two references pertinent to this property.

Obsarviné a gradus} deoreaaoAin'the evapafation fram newly-

moulted eaterpillars, Koideumi (1934) related this in part

to the gradual thickening of the ontiaia. From their

 observations on Rhodnius, ¥Wigglesworth and Gillétﬁ (1936)

eonclude, - "But in view of the faot that the endocutiocle

. 1éhéé§§ain1y permssble$to*water, we think 4t more probable

that the progroessive 16§§fof pormeability in Rhodnius ie

@ue to the hardening of the outioculin in the outer layere

of the cuticle, Our mein conclusion, however, is that the

impermeadbility o: tpe'outicle is very nearly established

gggggg the old skin is ched, so that the extra loss of water

agsoclated with moulting e ver& amall.“l If this ia the

case wo must conclude that the impermeability.of the

apicutiole of Dixippus is establiched mmch more quickly than
in the 'casge of Rhognius. The greater losa during aotual

| ecdysie 18 fhns offeet to ensure for Dixippue & minimal

. loss of water at this ocritical period.

At tho_higher humidity (Fig. aA) the rate of evaporation
is greater after ecdyeis than before it, while}at»the lower
humidity (Pig. 14) tho rate of evaporation after ecdysis
is about the same or slightly less than before. With the
gpiracles opened dy exposure to dry asir containing 10 per
cent, 00y , adults of Rhodnius prolixus, seven days after
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ecdyoeis, lost three times as ﬁnoh-water as the proceding
nymphe; in dry alr alone the adults lost elightly lesa

- wator seven days after sodysis than before it. (Wigglesworth
end Gillett, 1936). This pargilelregggeate ihat moist zir
and COp have the same effeot on gvapogabion. The offect of
C0p 4o to open the apiracles_and.uellgnby (1932) attributes
the same offect to moiet air. 'Eazeippff {quoted by Jordan,
1927) has demonstrated that the enail, Helix oloses the
pulmanary aperture most of the time in dry air but opens it
in saturated air,

At ocodyeis the evaporatiné surface of thp tracheae and
the Spiraouzar_apqyturea’are enlarged with the incresse in
general sigze éo‘ﬁhat;if the epifaoleefaro kept more or less
open by exposure to moist air, or COp, evaporation will be
groater aftér thé‘moult than before it. Thig is the
explanation advenced by Wigglesworth and Gillett (1936) for
Rhodniug in air containing 10 per cent 002 and 1t seems to
it the similar reéulta obtained éith‘gﬁxiggus in moist air
equally well, In Dixingna where the observations were
made on the day after ecdyeis an additiunal faotor may be
the permeability of the tracheal cutiols immeﬁiate&y after
ecdyeis. %he ultimate rednction of this permeability
with inoressing age (Koidsumi, 193%; ®igglesworth and
Giilett, 1936) will lead to a lower ;ével of evaporation at
the higher humidity than that observed on the day efter ecdysis.
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8ince their obeervabions were confined to a eingle
monlt wigglesworth and Gillett (1936) were unsble to
show the linear relation between evaporation and body
weight which has beon demonstrated sbove (Fig's. 1B and
2B) CGunn (1935) preesnta Gata which shows that, for a
difference of almost 600 mg. in weight, Periglaneta

amsrioana and Blatta orientalzs exhibit a close

pr0portiona11ty between evaporation and body weight

(1n dary oir at 20° O.). We have seen that, from the

third moult (hoey woeight 4d mg.) to the 8ixth moult (body

weight 450 mg.). Dixippus chows a similar proportionality

botween evapOrqtion and body weight at the time of ecdyasis.
Obaeriing that tha_véry emall cockroach Blatelle |

ge#manica 10995 water &t & higher rate than the two

1arger species, Gunn f1935) statea, "This suggests that

the wator vapour evaporates through the aurtaoe of the

animul 8ince if the shapa ranains eonstant the emaller

the animel the larger the surfece area per gram",

Hawever, on the basis that snrtaoe ares 18 prOpertionaa

to body weight 2/3 , ‘he oalonlatea the watar loss per square

centimeter and shows that it 1s not oonstant but decreases

from the 1argqat t0 the smallest. species, The same

ealoulation gives a similar result for Dixippus, the water

‘1088 per eqnare centimetor of body surface inoreasing.

from the third moulu to the imaginal moalt. =

xn a aeveloping insect there can be no oonstant relation
‘between snrfaco ares and weight since the surface area
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rémains more or less the same throughout any instar

2%,

while the weight inoroases. It seems poesidle howevet.l

thet just before the noult the weight will be in
equilidbrium with the snr?aee,ag? the relation,

Burface Ares = K Body Weight 2/3. will bé constaunt in
any instar. An investigation of this point should be
of interest. » ,

The work of Ramsay (1935) has shown that the results
of experiments on the evaporstion from insects must be
interpreted with caution., Ho haes chown that the evapor-
ation from Periplaneﬁa'qmorieana takes plase prinoipally

from the tyrachoasl system; dut considerable amounts of
water are 1os£ from the goneral body surface, The latter
appears to be more complicated than the ovaporation from
‘the tracheal syetem which may de adequately axpleined on

& physical baois. Koldeumi (193%) and Buddenbrock and
Rhor (1922) have also shown that a part of the water loss
of insects may take place through the general body surface,
'Koidsumi (1934) has further shown that the evaporation from

the body surface of Milionis pupae does not conforn with the

phyeidai law -of ovaporstion from & eimple water surface,

| fEvaporation® as considered in this paper includes
lose of water from both the general body curfece and the
trécheal a#ystem. It is not likely therefore that we
will be eble to drew any conclueions as to the site of the
loaa§ waéver, the observed proportionality between
evaporation and body weight at the time of moulting may bde
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of aignifioanoo to the study of evaporation from inssots.
waggleswafsh and Gillett (1936) have shown that, in dry
eiy containing 10 per cent. COp, the spirecles of Rhodnius prolixus
are opened and the evaﬁozat;on'is eénormously incressed. It is
apparent then,thae considerable quantities of water are loet
from the insect when thé epiracles are oyon; and Mellanby (1934)
coneludes that the greater part of the evaporation from insects
§akoa place ;n ﬁnié way. The spiracles ara‘normallyfopeneﬁ
" to snpply.the noeds of the respiratory system (Hazelhof? 1927) .
~ Gunn (1933) givee evidence that, under the same humidity
- conditions snd within oertain temperature limitse, evaporatxoh
vsil be prOportional to the degree and extent of opening of
the Spiracxes, and hence to the rate of respiration, &
.Gunn (1935) adds further weight to this conolusion by
_ahowing that in three epeciea of cockroach evaporation is
proportional to respiration, 6 mg. of water being lost for
every 1 mg. of oxygen conenmed.
In the case of Di xivppus, evaporation ig proportional to
the msass of the zneeot at the the of the third, fourth,
£fifth and sixth moult (Fig. 1B end 2B), If then, evaporation
is proportional to respiration and water is lost only from the

-

® A small prbportion of the reapiratory exohange may
take place through the intsgument (Buddenbroock and
Rohr, 1922; Fraenkel and Berford 1938)
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tracheal system, we must conclude thet from the third instar
to the imago respiration is proportionsl to mase at the time
of eodysis, This apPéara.to'bé tha eaaﬁ_in‘?eriplanqta
orientalia wbere,:grom body ‘weight 200 mg. to body wetéhe

‘900 mg., respiration remaing broporﬁlon&l to mage (Davis and
Slater, 1926). However, the work of Be&ine (1921) and Butler
and Innes éi936) indicates that the raepiraiion of grasshoppsrs
is proportional to a ftéotional exponent of the body weight.,
Gunn (1935) showe that the ioaplration in three speoies of
cockroach is proportional to body weight to‘the.power of

0.75 - 0.8, It soems doudbtful therefore, thatithe observed -
relation between evaporation and the mass of ﬁl#iggua is a
eimple function of phe reaplrat;on. - Insofar as gvaperation
takes place fram the tracheal systeé it 8 probabxy Propor-
tional, at constant humidity, to réspiraexon. In a&ditzon,
some evaporation takes placg from the body snrfaoe and thie

18 ocomplicated by an hyd:oyhilpus.filﬁ and the boaaibilzty
that water is supplied to the surface at a limited rate
(Ramsay, 1935). There is also the posasibility that the
permeability of the cuticle changes in a developing insect.

| Wo muest therefore conclude that.evaporation from inascota ia

a heterogsnecus physoial system having two acmponents,
evaporation from the tracheacand evaporation from the general .
body aurface, In Dixiggua'thaae two components are 8o
combined that the totel evaporation is proportional to the
weight of the ineect at ocdya:s,\‘
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The ”moult&ng“ level of evaporation from Dtxippua offers
“nfurther difficulties of 1nterpretation. For i¢ the 1noreaecd
. 1088 of water at ecdysis is Gue to increased permeability of
the cuticle, as suggested by Wigglesworth and G1llett (1936).
4t should be proportional te the surface aresa of the 1naaot
_(bOGV weight 2/3,. Eig'e. 1B and 2B however, indicate:

"~ that the “"moulting” level of evaporation exhibits the same

1inear proporti@nality to bod& woight a8 Goes the lower ®pree-
madltingﬁ 19791.\ This suggests that during eclysin water 1o
loat in eaaentia;iy the same msnner as before, although at s
higher rate. In other: vorﬂﬂ 1f the permoability of the
cutiele 1avaotually 1noreaeo& at this time, then tha smount
of water 1oat from the eracheazmnet be prﬂportionately
1noreaeoﬁ- and, einoe all the available evidence 1naieatea
that the greater part of the water loss from insects takes
place from the tracheacend not through the cﬁtiole; this
will aleo be true at the time of ecdysie. ’

| The inseot nndedbtealy performs considerable work in
freeing itaself frem the old outiole. The resultant
inoreased metabolism, nooeeaitatzng a higher rate of
respiraﬁiop,(wixl produce a,gropOrt;onal increaae 1n
evaporation. Furthermore, if the. new cutiole 48 more or
loés permesble to éater inmediately after ecdyeis, then the
outicle of the tracheaewill be llkswiae permeable. x

X Wigglesworth (1938) has shown thet the tracheacof the
mosqnito, Aedes aegypti remain penmadble to water for

24,
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a few minutes after moulting, during which timo water
48 actually absorbed from them and is replaced by air
 via tge yeSpiratory eiphon, .

Under similar conditions of humidity therefore, the inseot
will have & much higher rate of evaporation at ecdysis. .
due to increased respiration and pefmeability‘of the outicle;
but this evaporation will have the same relation to respir-
ation and evaporation through the body surface as béfore
ecdysis.

~ The second part of this paper deals with the loss of
water from the slimentory 6anal, snd fiem*the results
presented we were_lée to eoﬂnlude-that immedistely prior to
ecdysis the faeeea were oliminated with 1999 watar than at
any otner-t1ﬁ9~anring the instar, In tho sbsence of
comparable work the dicoussion will be limited,

Thé main sesumption involvéd in the c¢sleulations
supporting this conclueion 1é that the evaporation.is
constant in any inster and the vaiue availasble when no
faeces are loet, preceding eo&ysia, nay be applged throughout
the instar. In the preceding discussion it has been shown
that evaporation in Dixippus is related to body weight at
ecdysis, IZf this :elation=holds,'not dnly at ecdysie, bﬁe
during the instar, ﬁhen evaporation will not be constant
throughout the instar but will inoroase with inoressing
weight, Howevér. in the absence of data for evaporation

thronghout the instar we heve used the value availadle at
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©h6 eh&'of each inster, o
~ ‘The pert played by evaporation is,in any cage, small., When

no foeces axé los% and the total ;oss in welght 18 due to
eévaporetion, th&q loss represents, at the most, a 11ttle moro’
thnn 1 per cent. of tha body weight; but when defaeoatgon
ocours the 1088 Of water: May be as mch as 20 por cent, of
the body welght. Moreover, if the ovaporation was large
and 1hcréased with inoreasing weight there should be an
increage in the percentage of the total loss lost as water
1nstéaﬁ.éf'the obnerved deqrease. at the end of any instay,
(Fig. 3). It sppears therefore, that the faeces account

for the greater part of the loos in weight and any deorease
of the percentsge of water in this loss will be Gue to less
water in the faeces, since the only other ccmponent of the
losa 419 evaporation, which is omall and will tend to inorease
throughout the instar,

It 15 of interest to consider how a. reduction of the
porcontage of'wéter in the faeces might de acoomplished,.
There.ie no indication that it is related to the cesaation
~ of feeding before ecdysis since feeding atops aftei the
- initial, an&vusually aftor the final, decrense of the
percentage of water in the fbeceqq (Pige 4) During the
period when no food is teken (and hence, ab water 48 gained)
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the insect continues ¢o lose water by evaporatioi and some
by defascation, The!reﬁnotion;;n the amount of waterilcet
with the faeces might, thérefors, be regarded as an
:gaaptation to offset the loss of water associated with

. ‘eodyeie.  Any undue 10ss of water at this time wonld be
' de1eter1oue to moulting, eince water is lost mainly from
“tho blood (Mellanby, 1939) and the maintenance of blood
4§blume ie necessary for the mechanical operation of
rﬁptnring and escaping from the old cuticle. Mellandby
'(1939) has pOinte&,th that in insects exposed to
desication for somaltﬁmg the blood 418 reduced in volume;.
and since the blood Qolnms-has impor tant mechanical
functions to perform 1h-hetoh1ng and mnulting these prooesses
are adversely effected, Thus, tsetée pupae.,thongh
coempletely ﬂeveIOped, may be unable to escape from the
puparium. '

| Wigglesworth (1932) has shown that the rectal
épithelium or "rectal glands® abaorb watgr from the fasoal
matter in the roctum before the faeces are relecased; and,
ed we have atated adove, the’amnnnt of:water lost with the
faeces will, therefore, be a function of the absorptive
sotivity of the.reotel epitgelﬁmn. It folliows thon;.that
any decrease of the smount éf water in theffsecea will Ye
aﬁe to any 1ncreaeea‘absorptibn,by the rasctal epithblinm.
' We therefore conolude that, just before the moult, the
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rectal epithelium asbsorbs more water from the faeces than at
any other time during the instar.

This oconclusion sﬁggeats an, interesting terrestrial
parallel to @& eimilar phenomenon reported by Maluf (1939)
’ior certein marine crustaceans.. 'Evidenae'f?qm blood
studies indicates that preceding the moult these orustaceans
‘aotively abeordb watéer from their eéenviromment, and Maluf states,
"The imbidition of water inoromses the blood pressure and
thus aids ecayais and theo expansion of the new integument,”
The inoyeaged ébeorption4oi'water by DixiggﬁéAﬂay not boA
sufficient to 1noreaée the blood volume but it may weii‘
serve to protect it againsé uanduo 1683 by evaporation in
the absence of feeaing,‘and ﬁhne-to aid ecdysis,

' The increased absorption of water from the faeces is
agsociated with monlting; and moulting is controlled by a
hormone (Wiggleaworth, 1934). We might considsy then,
that the inoressed abgorptive activity of the reotal
epithelium 48 due to an accessory aotioﬁ of the moulting
hormoﬁe.‘ The moulting hormbne is no doubt reeponsidle
for the secretion of the mnﬁltiag fluid and ite wltimate
resbgorption, Wigglesworth (1933Dd) has shown that 86
per aent. of the abdominal e?tiola-of Rhod@nius prolixus ie
digested by the moulting fluld and reabsorbed through the

general body surface, The cuticle of the proctodacum
will be digested and adbsorbed in a similer manner, The
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- d4gestion of tﬁe 'iov’ve'x?- _ls;yeré of the préotodaenmel outicle

i by the mbuit'i‘ng fluid will @eﬁeag"é it & osmotic presoure |
 and f:e;;}d to inoresse the abeorﬁ.ﬂon of:;;eter from the confenfs of

- z’-éotnm;;\ * At the sa;’né t,inie’ coneidarable osmotic forces
‘muat be exercised to effect the reabeorption of the
moulting fluid and the products of ite digestion. It ie
ouggested that these forees, acting secondarily on the
eontents of the iectmn, will effect an increased absorption
of water and thus acsount for the observed decrease of the
peroentage of water in the faeces just before ecdysis.

1f further, the impermeability of the new cuticle is

almost established before ecdysie, as suggested by
Wigglesworth and 0illett (1936), then ebsorption will be

yeduced and this may account for the inoresse of the
peroentage of water in the faeces frequently observed

on the last day that faeces ara lost before sodysis.

(Pig. B4.) | | L
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Data are ptgsénted fbrAghe losa of water by -

3qva§ofation‘ana with the faeces of Dixippus
 morosus during ite development from the third
- or #bnrih instar to the adult, Wgter;loaf by

_evaporatinn_;g méganrea directly ﬁhring Ene

’ | ‘
poriod of ecdysis; water loat with the faeces is
estimated by an indireot method,

. The evaporation remains relatively oonstant before

ecdyeis; dut aurihg ecdysis it i8 inoreased roughly
four times., On the day after moulting, evaporation
deoreases to about. the "pre-moulting" level.

These results are compared with the results of a
similar otudy by Wigglesvorth and Gillett (1936)

using. the insaect Rhoéniue prolixus. The results
ere similar in form dbut different in detail,

The rate of loss of water i@ greater at the lower
humidity but espentially parallel to the loes at
the higher humidity. ‘There-ia same evidence that

the spirascles are opened more in moist air than in

dry air,

From moult to'mouls.'the normal eveporation, as

measured preceeding eocdysis, is msintained in linear

- proportion to the dody weight, This proportionality

remains unexplained, but the - . -
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~ respiration is indiocated as the chief agent by whioh

6.

Te

é.

9

it 18 effocted. |

Prom moult to moult, the extra evaporation associated
with actusl ecdyeis is aleo meinteined in linear
proportibn to body weight, It is suggested therefore,
that evaporation ie accomplished at a higher rate bdut
in the same way at éo@yaia'aa before ecdysis. A
plausidble explanation, involving inoreased metabolism
end 1horeagea permeability of the tracheal cutiounle
at ecdysis, is outlined.

When feeces are lost, the greater part of the lose

in weight is éue to weter lost with the fsecos,.

In any instar and ét both the high and low reletive
humi&ltiee, the percentage of water lost with the
faacéé remainse practiocslly constant until just before
the moult when it is sharply decroased.

The decrease of the perocentage of wator in the faeces
18 sscribed to an inoreased gbgorption of water by
the rectal epithelium; and thie in turn mey dbe
related as sn accegsory action to the ahsorption

of the moulting fluld and the products of its
digestion before ecdysis,
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THE TABLES

5

The data on which this paper is based are given in-

tabular form below.

The meanings of the symbols used in these tables are:
Wy # The original weight of the insect.
W_, = The weight of the insect'affer nine
 hours. o
| Fd - The dry weight of the fasces lost during
| nine hours. . '
¢H;0 - The water lost by evaboration during
nine hours, i.e. - the total loss in
weight during nine hours @henyno faeces
~are lost. The value at the end of sn
~instar is taken as the value throughout
' that. instar.
X - The time of moulting. o
Ex - The weight of the exuvium. {a part or all
of the exuvium is often eaten.)
Uhderlined figures « The values for fifteen
- hours during the night, reduced to the

equivalent values for nine hours.



INSTAR IV

| ' Wy=Wo-CHp0-Fd | Wy=Wo-F4 |Wy~Wo-cHs0-Fd
M| V2 | TWp | FA ) WoWpeFd | WyoWpnoHp0 | oH0 ) WyoWpop0-Rd Wi:ﬁgfgggﬁef—- :%;:%;Ji __‘1» i_°22°_F N
Original| Wt. Total | Wt. of | Total loss |Wt. of wet |Water lost| Water lost Percent of Percent of|Percent of total
We.,  |after | loss | dry of water faeces by evepor- with water in total loss|loss lost as
, 9 hrs. | of wt. | faeces - o ation faeces faeces lost as water in fa;eges
(Mg.)|  (Mg.) (Mg. ) (Me.) | (ug.) () it S
0 53.00 52.65 .35 O .35 o .35 o |
1 5L.10 50.35 75 .05 .70 .45 | .40 88.8 93.3 26,1
2 62.60 59.60 3.00 .45 2.55 2.70 2.25 83.4 8540 60.0
3 72.65 64.65 8,00 .75 7.25 7.70 6,95 90.2 90.6 77.5
46 S . | | | |

1 87.40 70,20 17.20  1.20 16.00 16.90 15.70 92.7 93.0 84.2
8 95.45 76.40 19,05  1.55 17.50 18.75 ~17.20 91.7 91.9 82.2
9 84,50 74.50 10.00 .85 9.15 9470 8.85 91.2 91,5 80.0

10 95.45 79.50 15.95  1.05 14.90 15.65 14.60 93.2 93.4 85.0

1i 96.85 74.75 22,10 1.00  21.10 21.80 - 20,80 95.4 95.5 89.6

1£ 106,00 89.50 16,50  1.10 15.40 16,20 15.10 93.2 93..3 84.8

1% 108.50 93.35 15.15  1.20 13.95 14.85 13.65 91,9 92.1 82.2

1L 97.45  85.15 12.30 .65 . 11,65 12.00 11.35 94.5 94,1 87.0

15 98;70' 86.85 11.85 ;90 10.95 11.55 10,65 92.2 92.4 82.3

1% 115.45 102.60 12.85 1.60  11.25 12.55 10.95 87.3 87.5 72,7

17  108.70 95.65 13.05  1.25 11.80 12.75 11.50 90,0:" 90.4 78.17

.1% 105.80 101.20  4.60 .80 3.80 4.30 3.50 81,4 82.6 58.1
19 117.65 112.40 5.25 .80 4.45 4.95 4.15. 83.7 84.7 63.8

20 .108.35 107.85 . 50 .02 .48 .18 .16 88.8 96.0 32.0

ol 106,80 106.50 - .30 0 .30 .30

22 117.00 112.55 4.45 .60 3.85
. \

i



WOW W W DN PO DN R

W W
[+ + BERN- |

N
< .

117.0
172,35
173.20
" 187.10
171.35
189.55
" 206.25
| 259.40

222.10

2%0.45

230.35
226.45

215-3%

'112155

129.20
146,00
165.80
149.60

'168.05
'164.35

180. 40

'183.80

1236.00
228,40

225.20

213,40

4.45
43.15
27.20
21.30
21,75
21.50
41.%0
29.00
38.30

4.45
1.95
1.25
1.95

.60
235
2,10
2.30
2.10
2,10
2,90
2,60
2.90

1.05
" 013 '
0

Ex.1.85
0

_ sy
40.80°
25.10°
19,00
19.65
19.40
39.00
26.40
35,40

3,40
1.82'
1.25

3.20
41.90
25.95
20,05
20. 50
20.25
40.65
21.75
37.05

3.20
.70

o N
Own

- @ - .

§1hoa
.

2,60
39.55
23.85
17.75
18.40
18.15
37.75
25.15
34.15

2.1
.57

81.2
94.3
91.9
88.6
89.8
89.6
92.8
90.6
92.2

67.2-
81.4

86.5
94.5
92.2
89.2
90.3
90.2
93,2
91,0
92,4

6.4
- 93.3

J
No.} 5 INSTAR V.
W, W, W-W, | P4 | W,-W,-Pa Wy~W,-0H,0 | oH,0 Wy ~Wp-0Hp0-Fd| Wy ~Wp-CHy0-Fd | Wy-Wp-Fd | Wy -Wp-cH30-Fd
' C o 5 ‘ ‘ Wy-Wo~cHs0 Wy =-Wo Wy -Wo
Original | Wt. | Total |Wt. of | Total 1088 | Wt., of wet |water lost| Water lost Percent of | Percent of | Percent of
Wt. after | loss dry of water faeces |by evapor- with water in total loss| total loss
‘9 hrs.| of wt. | faeces- BT ation faeces ‘faeces | lost es lost as =~ . -
' ' h ' o ' N - water water in faeces
(Mg.) | (Mgs) | (Mg.) | (Mg.) (Mg, ). (Mg.) (Mg.) ~ (Mg.) "~ (%) (%) (%) :

58.4
91,7
- 87.8
' 83.3
. 84o7
- 84.4
"90.2
" 86.7
" 89.1

48.3
- 29.2



. INSTAR IIIX

46.05

| Wa Wp-Wp | FA | Wy-Wp-Fd | W)-Wp-oH,y0 | “0Hp0 Wi‘Wa'°Hé°‘F°‘ ;1::2:§§gg‘?§/E%;§%;fd .Wizzé-; 2O-"
Original| Wt. | Total |Wt. of | Total loss |Wt., of wet |water l1ost| Water 108t I%fognt %f‘ /lﬁ‘ercthﬁaof P'éx'-ct;tzof total
W, after | loss . dry of water - 'faeces '|by evapor- with " water in total loss | loss lost as.
: 9 hra. | of wt. |faeces : ation faeces faeces lost as water in faeces
oyl ) | Gwe) | (aee) | o) | i) | Gwee) Mg.) | (M) Tt '
o| 248  24.55 0.2 0 0.25 .25 |
1| e0.25  34.25 6.00 .35 5.65 5.30 4.95 93.4 9.1 - 825
2| 38.40 3280 5.60 .35 5.25 4.90 4.55 92.8 93,777 - 8.3
3 41.40  35.80 5.60 .50 5,10 4.90 4040 89.1 91, 8.6
4| 37.45  34.65 2.80 .30 2,50 2.10 1.80 85.6 89,3 64.3
?56“7 4120 37380 330 230 3.00 2.60 2.30 88.5 90.9  69.6
9| 42:40  39.60 2.80 »20 2,60 2:10 1.90 90.5 92.8 | 67.8
10 | 46.60  40.90 570 .50 5.20 500 4.50 90.0 1.2 189
11 | 4430  39.60 4:70 .30 4.40 4.00 3.70 92.5 95.6 78.7
12.| 43.60  39.05 455 .32 4.23 3.85 3.53 91.6 93.0 17.6
15'f'*43;7b 40.10 3.60 ﬁ4o 3.20 2;90 2.50 86.2 88.8 69.4
14'.' 52.10 43;25" 8.85 .60 8.25 8;;5 7.55 92;6 ‘93-2 85.3
15| 52,90 43.85  9.05 .55 8.50 8.35 7.80 93.4 93.9 86,2
16 | 52,40  46.55 5.85 .65 5.20 5.15 4.50 87.4 88.8 6.8
17| 48:75 4620 2.55 .45 2,10 1.85 1,40 15.1 8.3 54.8
18 | 55:90  52.15 3.75 - .45 3.30 3,05 2.60 85.3 88.0 . 69.3
19 | 63,00 57.70 5.30 .15 4.55 '~ 4.60° 3.85 8316 85,8 72.6
Z: zz:;i , ::z(; 1722- .180 1:’%’5 .53 ::% +43 81.1 95.9 35.0
22| 46,80 202 3 2:2% 2:44



_INSTAR V
W | W W | Fe |memrRe Wewpomo | om0 \Wy-Wp-ofp0-Fa | MWecHO-T) MoTadd | Mafaofao T
Ofiginal Wt, | Total | Wt. of |Total loss| WEt, of wet |Water Lost| Water 108t | Percent of. | Percent of | Percent of LOtAL -
- Wt. | after |loss: dary of water - .faeces by Evapor- with water in ‘total 'loss | loss lost as
- | 7 Bre.jof wb.| fasces | -1 ‘ B ' ~ation faeces - faeces lost as water in faeces

byl () | (e.) | (e) | (ee) | Gme). | G | e | () ) e "

41 92;1§ 90.85  2.25 .15 2.10 o o ? 93,3 e

s2| 197035 138.00 39.35 2.40  36.95 36.45 . 34.05 9.4 93.9 8.1

3 131"45350 151,30 23.@_6 2.20 21.00 20.30 18.10 89.2 99.-§ 78.1

as| 179.95 153.45 26,50 2.20 24,30 23,60 _ 21,40 90.6 91,7 80.8

46| 169.75 147.55 20.200 1.20 19,00 17.30 16,10 93.0 94,0 19.7

47| 189.30 162.25  27.05 24.15 |

8| 18.75 153.80 20.95 1.85  23.00 22,05 20,20 91,5 R 81.0

49 zai,oo 162.10 38,90 2.90 36;60 -'36,06 - 33,10 - 91,9 92,6 - 85.2
" 50| 191.50 164.50 27.00 2,70 24.30 24,10 21,40 qa.a 190.1 193

25 218.25 181.20  37.05 2.90 34,15 34.15 31.25 91,7 92.1 84,4

53 238,10 193,40 44.70 3.20 41,50 41,80 38.60 92.3 92.8 . 863

54 226,90 199.50 27,40 2.90 24,50 24,50 21.60 88.2 89.4 178.8

55  246.30 237.40  8.90 2.00  6.90 6.00 4,00 66.1 7.6 45.0.

56  235.85 230.80  5.05 .10 4_.:3,5 215 — Y45 1.4 56.2 28,6

56-57 230.80 225.90 4f99' 0 4.90 ' 2,94

57 225.90 223.00 2,90 O 2,90 2,90

5758'223.00 209240 13,60 O 13i60 8.16

58 209.40 207.70  1.70 Ex.0 1.70 1.70

|

/]




212,60
, i

|

No. 3 _ INSTAR V.
wi'_ W, Wi9wé Fa wi»we;ga Wy-Wp-oH,0| cHO wiQWé-caapeFa W}:W§:252°‘F¢' Wi‘fa*Fd Wi’“%:;gZO*Fd.' .
Original Wt. | Total |Wt, of | Total 1088 | Wb,0f wet |Water lost|water 108% Fecoens of ercent o m
Wt, after | loss dry of water faeces by with water in total loss|loss lost as
: 9 hrsd of wt.|faeces : N evaggi-;‘# faeces faecoaes é::gras water in faeces
pye.| -(Me.)| (Mg.)| (Mg.) | (Mg.)|  (ug.) (Mg, ) (Mg ) (¥g. ) (%) (1) (4)
ke 9s.95 93.95 1.95 .30 1.65 . | | 84.6
169.90 142.70 27.20 2,15  25.05 25.20 23.05 91.5 92.1 84.8
183.45 156.05 27.40 2,70  24.70 25,40 22.10 89.4 90,1 82.8
©193.50 153.45 40,05 3,10 36,95 38.05 34r?5 9.7 92,2 87.2
170,90 147.00 23.90  2.35  21.55 21,90 19,55 89.2 90.2 81.8
194,60 169.55 25.05 2,50  22.55 -+~ 23.05 20.55 88.9 90.0 81.8
197.90 169.30 28.60 2,75  25.85 26.60 23.85 89.7 90.4 83.5
211.50 164.60 46,90  3.30  43.60 44,90 41,60 92.6 92,9 88.7
206,30 169,70 36.60  3.05  33.55 34.60 31.55 91.1 91.7 86.1
227.60 190,00 37.60  3.25 = 34.35 35,60 32,35 90.8 91.3 86.0 -
229,25 196,70 32.55  3.65 28,90 30.55 26,90 88.2 89.0 82. 7
239,30 207.90 31.40  3.10  28.30 29,40 26.30 89.4 90.2 83.8
258,40 248,40 10.00 1.90 8.10 8.00 6.10 76.2 81.0 61.0
239,40 235.50 3.90 65 3.25 1.90 _ 1.25 - 65.8 83.4 32.1
230,20 228.20 2.00 0 2,00 |
66 210,00 BE5 =Y 243



212,60
60-63
64 353,40
Ls 402,10
66 - )
4 423.50
gg 486,00
71 456.20
172  485.40
13 -
74 512.00
75  482.90
1% 466.2;
77 423.90

210,00

282,40

311,00
364.00
383, 60
409200
405;;0

436.90

499,40

476.40
460.70
418.90

42,40
38.10
39.90
77.00
50,80
48,50
12,60

6.50

5,50

5,00

48.20

38,70
3415
35.35
71.66
48.60.5
44,80
10.90
6.40

45,40

37,00
32.170
34.50
71,60
45.40
43,10
7.20
1.10

2.60

94,3

90,0
87.9
86.8
924
95.2
'§i;4,
76,4
90,8

o et e e et e ot A e b A et e bt e £ Attt e et 1 it e et e e . e A bt et

94.9

'91.3” 

89.6

88.6
93.0
95,6

,92.4. :

86.5
98.4

No. 3 INSTAR VI
’ Wy W Wy-Wp | Pa [Wy-Wp-Fd | Wy-Wp-cHy0[ cH,0 W) ~Wp=CHyO=Fd[ Wy ~W,~CHU-FA | Wy =W,=Fd [ W) -W,-O0H,0-7d
| | : : BEIEEETI. wl-_wz‘—‘ cH,0 Wy -Wo ‘ Wy-Wo
Original] Wt Total | Wt. of | Total los83 |WE., of wet |Water lost | Wwater lost ercent o Percent of|Fercent of total
we. after | loss . dry of water faeces by evapor- with water in total loss|loss lost as
9 hrs.| of wt.| faeces ation faeces faeces lost as water in facces
, o " ' water
(Mg.) | (Mg. (Mg. (Mg.) (Mg, ) (Mg.) (Mg.) (Mg. ) (%) (%) (%)

84.3

786
: ;'75-4 )
150
iu 36.0{}L'
Cane
a3
1508



INSTAR IV

23 :45 15
24  65 00
25 72430
'ggl 17450
28 - 74,75
29 18.90
30 79.25
3 9615
32 98.50
2 ot
37
38
39
40

after
9 hrs.

43@35

,54.70
59 15
539;5

65.70 .

67,40
68.85
76.45
77.30

96.90

104,80 101,90
114,40 111,50
107,95 106475
105:20 104,00

95.90 93,95

1!25
1030
12.55
14.35
9.05
1%050
10.40
19.70
2%&20

5.50
2.90
2,90
1.20

.8.10°

(ug.)
.20
hiéS
.90
ifi°
1.00
1.10
115
1.55
1.25
10
.50

o000

'«30

f1;65
9-75

11.65
13.25
8.05
10,40
9.25
18.65
19.65

4425
2420

1,20
1,65

4. .(utgl. "'. L.

(e

9 10
v11 .35
13,15
 7.85
¥q33°
9,20
19,50
20,00
430
1.70
1.70

tmg)

8. 55
10.45
12,05

6.85

9.20

8.05
17,45
18.45

3:65
1.00
1.20°

" = SR ey ' T W~ W~ GH,0-Fd | Wy-W-Fd
Wi-ﬁé ‘Fg, ﬂifW? F@ Wi.ﬁé_gﬂzo onzo Vi -Wy cHgo—?d l wg 2 \ 1™M2
“Total Wt. of" Total Toss| We.of wet ‘Witar Tost| Water 105¢€ eroen y:
loss . | ~ dry of water faeces by evapor- -with - water in total 1035
of wt.» faeces ation faeces faeces | lost as

‘ ‘ K ' wator

W Wp-OH,0-F

loss lost a8..
wateyr in raeoes



Nol. 4 - INSTAR IV

W W, MW, | P& | W-Wp-Fd wl-w2-c320¢ © cH,0 wi-w2~qaao-ya~ 1‘Wa’°nz°’Fa_wi’“é’F‘: Wy ~W,-cH,0-¥d
B T | T W WpeoHp0 | WWp  |T Wy-Wp
original] Wt. Total | Wt. of “Total STYT] Wt. of wet |Water lost| Water 1ost | Percent of | Percent of | Percent of °

wt. after | loss dry of ‘water - faeces |by evapor-| - with water in - |total loss| total loss
9 hrs.| of wt, | faeces ation faoeces faeces ! lost a8~ | lost as water
L , : , . ‘ \ o ’ : ‘ : watar ~in faeces
o

0  50.40 49.65 . .15 .15 0. a5 - L3 80,0¢
1 75.45 63.80  11.65, .70 . 10.95 .rr,-_11.ab | o, 10.50 . 93,7 94,0 84.2

2 66,55 62.40 . 4.15. 35 . 3,80 . 3.70 . 3435 ,°90.5 L91.5 72.3

3| 66.15. . 63.25 . 2.90. .30 . 2.60 . 2.45 . 2415 . 87,1 . '89.6 63.8
-6 . o S | . L o

85445 74;30293iffifa' 1.15 . l6309' . :;bé?p : , 9?55 89.2 . 89.7 75.3
82;00“-69§§o-a*1a;1o»' .90 . 11,20 . 11,65 . 10,75 . 92,2 L 92.5 .81.4

9|  96.00 8465 . 11.35. .85 . 10.50 . 10.90 : . 10,05 . 92,2 o 92.5 B1.1
10|  94.60 76,85 - 17.75. 5 17.00 . 17.30 we . 16455 - . 95.5 95,7 89.0
11| . 97.35 78.35 . 19,00,  1.22 17.78 . 18.55 17,33 . 93.5 . 93.6 84.8
12| 84045 75.90 . 8.55 .65 . 7.90 . B8.10 7.5 C92.0 . 92.4 19,6
13| 98,00 82.45 15.55- 1.05 . 14.50 - 15.10 . 14,05 . 93.0 . 93.2 .. .83.6
14| 98,15 81.45 - 16.70 95 15.75 16.25 - 15.30 94.1 94.3 85.9
15| 109.70 93.20 - 16.50 1.45 15.05 16,05 .. . 14.60 90.9 91.3 19.7
16| 109.20 93.60 - 15.60  1.60  14.00 15,15 13. 55 89.4 89.7  76.6
17 97.85 87.15 10.70 1.00 9.170 10.25 |  9.25 90,2 90.6 77.1
18] 119.10 103.10 16.00  1.60 1440 15.55 13.95 89.6 90.0 17.2
is 122,50 114.70  7.80 1.35 6.45 7.35 6400 B1.6 82,7 59.6
20| 110.60 108.80 1.80 .35  1.45 1.35 ~ 1,00 74,1 80.5 36,0
?1 | 107.62 107.20 450 .45 [°43
22| 104,20 103.35 .85 0 .85 =55
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37

/ .

No. 4 INSTAR V.

W Wp | W-Wp| P& | w-wo-Fa Wy-Wp-cHaO | ©HgO | Wj-Wp-oHpo-pa [t1-W2=CHp0-Fd | Wy -Wp-F4 | W)-Wp-cHy0-P
| | moter | WecRe0 | o0 T Wy W0 — | W — | W, —
riginall Wt. | Total | Wt. of | Total 1088 of| Wt. of wet |Water lost| Water Lost erocent of | Percent of| Percent of %ot

Wt. after | loss dry water - faeces by evapor- with water in | total loss| loss lost as

: 9 hrs.| of wt,| faeces _ ' : ~ ation faeces faeces lost as water in.
‘ R . ' water faeces
Dﬁs. | (Eq.) (Mg.) (Mg. )| (Mg.) (Mg, ) (Mg.) - ‘(Ms.) (Mg.) (%) (%) _ (‘1)
22 104,20 103.35 .85 0 ' , +85 '
23 168.30 132.40 35.90 2.20 33.70 34?55 32.35 93.6 ?3.8 90.1
24 149.80 127.30 22.50 1.7 - 20,75 21915 19540 91.7 92.1 86.2
151.25 133.40 17.85 2.00 15.85 16.50 14,50 87:8 88.8 81.2
26 . . |
27 189.65 159.50 30:15  3.35 26.80 28.80 25,45 88.4 89.0 84.6
28|  183.30 148.00 35.30  1.15 - 34.15 33.95 32.80 96,6 9.7 92,9
29| .216.60 174.65 41.95  2.90 39.05 40.60 37.70 92,8 93,2 89.9
30 183.90 156,30 27f6° 2?30 25,30 26925 23795 91.1 91.17 8697
31| 183.80 161.20 22.60 2,40 20.20 21.25 18.85 88.6 89.3 83.3
32+34 , : 4
| 35| 240,45 230,20 10.25 1,95 8.30 8.90 6,95 78,1 81,0 67,8
36| 243.65 238.10 5.55 70 4.85 4.20 3,50 83.3 87.4 63.1
233.90 232.55 1.35 .é—' 1.35 1.35
£ ' ExD.1l . 4,02
38 225.75 223,60 2.15 ] 2.15 2.15



No. 4 INSTAR VI
W W, |w-w, | Fa |W-Wy-Fa |W-Wy-cH,0 | oHp0 wi-wé-onao-34 Wiy -¥Wp-cHy0-Pd| Wy -Wp-Fd  |W, -Wy-oH,0-Fd |
Original| Wt. | Total |Wt. of |Total 1083 Wﬁq. of wet | water lost| water lésf er;zﬁzco%& %m.
.| sfter|lgse | dry | of waier | fasces |by erepor- | e | "Teseeh  |Yoss as - [vacer ia fasces
ors. | (me) | ) i) | M) | o) (tg.) (Mg.) | (g.) Rt T
e e
38| 225.75 223.60 2.15 o 2.15
39| 280.85  256.05 24.80  2.05 22.75 22,170 20.65 91.0 91.7 83.3
40 ‘ .
41 417.25 317.70° 99.55 6.40 93.15 97.45 91.05 93.3 235 91.4
42 ” | | “. |
43 405.30 363.25 42,05 4.50 37.55 39.95 35.45 88.8 89.2 84.2
44 448.10 365.00° 83.10  5.90 77.20 81.00 75.10 . 92.7 92,9 90.3
es| 424180 346,25 78.55  3.40 75.15 76,45 13.05 95.6 9541 93.1
46 435;80 357.65 718.15  3.25 74,90 76,05 72.80 95.6 95,1 93.2
47| 497%66 441,00 56.60  4.35 52.25 54. 50 50.15 92.0 92.3 88.5
48/ 457.00 372.40 84.60  4.00 80.60 82.50 78.50 95.1 95.2 92,17
4 443.20  391.60 51.60  3.40  48.20  49.50 46,10 93.2 93.4 89.4
‘51 479.00 417.30 61.70 4.70 57.00 59.60 54,90 92.0 92.3 88.8
52 479.80 445,70 34.10  3.40 30.70 32.00 28.60 89.4 90.0 83.9
53 571.20 552,70 ‘18,50  3.00 15.50 16.40 13.40 81.1 83.7 72.4
54  524.00 516.30 7.70 .90 6.80 5.60 4.70 83.9 88.3 6.1
55 51250 510,40 2.10 0 | 2.10
56 506.10 503.20 2.90 0 250
. | Ex6.25 18,10
57 460.60 456.00 4.60 0 4,60



INSTAR III

42,90

W, W,-W, | Pa Wy-Wp-Fd | Wy-Wy=cH,0 oH,0 hi‘wé4°ﬁg°“Fﬂ ¥y ~Wp-cHa0-Ta[Wy-Wp- T4~ Wy -Wp- oHp0- 1
WE. | Total |Wt. of | Total Loss | Wt. of wet 'Wét‘ér‘ l'ost Water iést P%Li%?ﬁ%o T’zi;‘:%i of ?er‘::%';%g—of total - °
after | loss . dry of water faeces |by evapor- with water in - total loss | loss lost as '
9 hrs.| of wt. | faeces ‘ _ ation| faeces faeces lost as water in faeces
Me.) | (Mg.) | ()| (e | (Mg (Mg.) |  (Mg.) (%) it (4).
22.9  0.40 0 0.40 | - .40 | | o
31,15 2.75 .15 2.60 2,15 2.00 93.0 9.5 72,7
33.5 "6.50 .45 6.03 5,90 5.45 92.3 93.1 83.8
32,6 435 .40 3.95 3.75 3.35 89.3 -~ 90.8 7700
29.3 ' 5.75 45 5.30 5.15 4.70 91.2 922 8L
34.9 6,40 .58 5.82 5.80 5.22 90.0 .  90.9 - BL.5
34.0 . 3.40 .25 3.15 2.80 2,55 91.1 . 92.6 . 15.0
36.35 5.5 68 s.07 5.15 4.47 86.8 88.2 7.7
36,75 . 8.05 35, 1.70 7.45 7.10. 95.3 95.6 88.2
35.55 . 7.60 .50 . 7.10 1.00 6.50 . 92.8. 93.4 85,5
35.65 . 5.95 .30 . 5.65 © 5.35  5.05 94,4 94.9 . 84.8
39.45 . 7.30 .50 6.80 6.70 .. 6.20 92.5. S 93.1 - 85.0
38.65  3.45 .40 3.05 2.85 2.45 86.0 88.4 " meo
41.5 .B8.40 .70 7.70 7.80 7.10 91.0 9.6 . 84L5

. 40.9 7.70 .76 7.00 7.10 6.40 90.1 90.9m ) ':.8}f1

'.43.6 3,95 - 50 3.45 3.35 2.85 85.1 87.3 . _ T2.2

50.65 - 5.45 ;85' 4.60 4.85 4,00 82.4 ' 84.4 " 13.4
50.05‘;'5;15 50 2.65 2.55 2.05 80.4 - 84,1 - 65.1

anes .80 10 .70 0,20 .10 50.0 87.5 12,5

as9s . B0 & 148 |

4395 - 1.30 ° Ex.10 1,20 1.10



Nod 1 INSTAR V
Wy | Wy | WeWp | P& | W-Wp-FQ@ | Wy-Wp-cHpO | oHp0 Wy ~Wp-cHy0-Fa| W1 -Wp-oHp0-Pd| Wy-Wo-Pd . | Wj-Wp-0Hy0-Fd
_— R 1 ] CE o e T L | T cWp= o0 | W=Wa . . | W~W2
- Ooriginal] Wt. | Total |Wt. of | Total loss| Wt, of wet |Water lost | Water 108G . Pz%ﬁiﬁf'dg r‘?erg%ﬁfgaf"'Pereent of
Wty | after | loss | ‘dry | of wdter ( - faeces | by Evapor-| with '~ [|water in .. |totsal logs |total loss =
9 hra.| of wt., | faeces.| . ... s+ .| - ation |  fasces | - -fasces . . {lost-as ‘- .[lost as water
‘ ~ ’ i B i Jwater

104,15
181.65
197.85
181, 40

,207.20

185.40
218.90
215.40
241,80
227.10
217.20
238,60
269,70
239,10
230.00
21,7

)

(Mg.

102,45

148.05
152.50

163,10

1?4f80
166,80
292?20
188,80
190. 50
205.30
197.90
215,00

257.80

234.0
228.0
207.6

).

1.70

33.60

4535
18.30
32.40
18.60
16,70 .
26.60
51.30
21.80
19,30
23.60

11,90

5,10

(Mg,

o
1.90
3.05
1.95
2.65
1.85
~ 3.85
4.30:
2,95
2.15
1.05
2,35
| 2.65
.40

Exl.0

| (ue.)

2170
;4af3°
16.35
29.75
16.75
12.85
22.30
48.35
19.65
18.25
21,25
9.25
- 4.70

s,

30,80
4255
1550
~ 29.60
~15.80
13.%0
23,80
s
19.00
1650
20,80
© 9.10
2.30

)

1.70

o
o 1o
o
(=]

=

)

(Mg,

28,90
39,50
13.55
26,95
13.95
‘ 10,05
- 19.50
45,55
©16.85

15.45

18.45
6.4
| - 1490

(1)

93,9
92.7
87,2
91.0
8.3
72.3
8.9
- 94.0
88,7
93.6

. 94.3
. 93.3
. 89.3
9T
. 90.1
. 11.0
. 83.8
94,2
- 90.1

i94-5

- 88.7 90,0
70.8 7746
82.6 92,1

in faeces

(%) -

8641

f;37,g

7801
8.2
75.0
60.2
3.2
88.9
77.3
80.0
78.1
54,2
37.2



No¢ 1 INSTAR IV
W Wy | WpeWp | Fa | Wy-WpPa  |Wp-WpmeH,0 | oH0  |Wy-W,-oH,0-pa|fL-Wp-CHpO-FA/W)-W,-Fd |, -Wp-cH,0-F
I ~ | i B IR N : | Wy~Wo=cH50 Wy ~¥. -Wp :
Original | Wt. Total |Wt, of |Total loss |Wt. of wet [Water lost| Water lost |Percent of | Percent of | Percent of total
D«/ we. after | loss dry | of water faeces  |by evapor- with water in total loss | loss lost as
Z{f’ . 9 hrs.| of wt. | faeces o , - ation faeces faeces lo:t'as water in fasces
w ' o R ’ - waver . : ,
| (Mg.) | (Mg.) (Mg.) | (Mg.) (Mg.) (1) (%) (%)

22| 46,80  46.05  .75° .15 .60 L o ? 80.0¢ ?

231 174,90  64.20 10.70  1.00 9.70 9.25 8.25 . 89.2 90,6 174

24| '88.90  66.80 22,10 1.25 20185 20.65 19.40 93.3 94,3 . 87.8

25| 86.95  67.90 19.05  1.25 17.80 17.60 16.35 92,9 . 93.4 85.8

28| 83,05 71.75 12.30  1.05  11.25 10.85 9.80 90,3 91.4 19.6

29| 87.05  79.55 7.50 1.20  6.30 6.05 4.85 80.2  84.0 64,7

30| 87;80 79.80 8.00 1,10  6.90 6.55 545 83.2 - 8.2 68..1

31| 93.35  82.00 11.35 1525“,‘2v10;f0"5u‘4v10,90 9.65 88.5 89.0° 85.0-

32| 93.45  81.35 12,10 1.30 ' 10.80 . . “10.65 935 87.8 - 89.3 77.2

3335 | N o | ) | |

36| 110.30 107.60 2.70 .65 2,05 1.25 .60 48.0 5.9 22,2

37| 118.00° 115.65 2.35 35 - 2,00 .90 | .55 61.2 85:1 2344

38| 113.60 112.15 1.45 0 1.45 1.45 “ |

' . "..5 8,00 Ex.80 4.52
39 104.35 - 102.45 I.TO 0 1.70 .



— e e ——

f INSTAR IV
| Wl | e | W] “ wlwam |Wa-WpmoBz0 | cHp0 ;—w.o.-onzo-rf 23’:::‘5:::;‘2;;2'?? wlvg_a_w? | WI‘—-.Wa%:—ré -
Original]l Wt. | Total | Wt. of| Total 1088| Wt, of wet Water Tost Water 108t | Percent of. | Percent of | Percent of total
Wt. | after| loss | -dry:| -of water faeces |by evapor-| = with water in . | total loss |loss lost as |
| 9 hréc ?f_.ﬁt.j feeces| . B ‘ation faeces faeces . ég::ras water in faeces
M/(Mg) (Mg, ) (Mg.g)'. (Mg.)| (Mg.) " (Mg.)v' (Mg.) |  (Mg.) ('1,)_‘ (1) (%)
655.3; 55.05 10.25 .70 955 9.05 8.35 92.2 93.2 81.4
76.70 58.35 18.35 ' 1.05 17,30  17.15 16,10 93,8 94,3 87,7
76.10 64,90 11.20 1.40  9.80  10.00 ° 8,60 86.0 87.5 76.6
75.00  65.95 9.05 .95 8.0  7.85° 6.90 - 87.9 89.5 6.2
73,85 63,30 10,55 1.00 9455 " 9.35 8.35 89.2 90.5 7940
| 89;{6’0 70,85 18,75  1.00  17.75 17.55 16.55 94.3 94.6 88.2
70,90 66,00 4,90 .40 4.50 3,70 - 3.30 89.2 91.8 67.3
89130 74.55 14.75 1.45  13.300 13:55° 12,10 ° 89:3 90,2 82,1
97070  90.20 7.50 . 1.05  6.45 | 6.30 5.25 83.3 8.0 70.0
10’9‘:,.05 102,85 6,20 ~ 1.10  5.10 }i 5.00 3.90 ' 78.0 322 62.9
5’5 109.40 106.65 2.75 55 2,20 1.55 1.00 64.5 _80..0‘- 36.4
.§§§_:9 106.65 104,10 2.55 .35 2.20 - ; o ‘ _, 86'.?'.’.
3 104,10 102.75. 1.35 .02 133 @ .15 o 13 86.5 98.5 946
39w 10275 01,00 L35 o L75 1,15 100-0 -
4p  101.00 99.80 1.20 0 1.20 - 1.20 100.0
s:a 99.80 92.10 7.70 O 7.70 4.08 100.0
‘ap 92,10  90.85 2,25 .15 2.10 |
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No. 6 INSTAR V
o W, W-W, | Pd | wl‘:wgfra 'Wl‘?gf9nz° §HZQ - w;-w?fcﬂa?-Fd w;::wz::B:o- ' WW "
Orlginal] Wt. otal | W, of | Total 1o88| Wt. of wet |water lost| water 108t eroent of | Fercent of | Percent of total
wt, after |loss dry of water faeces by evapor-~ with water in total loss |lose lost as
. 9 hrs.| of wt.| faeces | . | - | ‘ation faeces faeeces t:g:ras water in faeces

‘Dys, | (Mg.) | (Mg.) | (Mg.) | (Mg.) (Mg,) (Mg, ) (Mg. ) (Mg. ) (% (%) (4)

b1 102.35 101,30 :1:05 O 1.05 | 1.05

22 138.80 123.80A15.oo 1.05 13.95 13.75 12,70 92.3 93.0 84.17

23 176,20 148.75 27.45 2.40  25.05 26.20 23,80 90.8 91.2 86.7 ]
24  187.00 141,60 45.40 2.10 43,30 44.15 42,05 95,2 95.4 92.6
25 192.80 138.95 53.85 2.55  51.30 52.60 50,05 95,2 95.2 93.1

26 163.10 142,50 20.60 1.75 18.85 19.35 17.60 91.0 91,5 85.4

;g 179,70 163.35 16.35 2.35 14,00 15.10 12,75 84.4 85.6 78.0
19 203.50  166.60 36.90 2.80 34.10 35.65 32.85 92.1 92.4 89.1

50 205.30 168.65 36.65 3.10 ~ 33.55 35.40 32,30 91.3 91.5 88.1
0 220;45 123;05 28.40 2.25 zs,is 25,10 24,85 91.8 . 92.1 87.5

;g z4o;55 207.25 33.30 ;3,&0' 30.10 32,05 28.85 89.9 90.3 86.1

';g 232,50 222.00 10.50 1.90 8.60 9.25 _ 7435 79.5 . 82.0 70.0

56 236,65 235,40 1,25 O 1.25 1.25

236s3§ 234.10 0 2,25




No. 6 . INSTAR VI

, : N — .;‘,;‘ — ,  ...:.“  . '_flﬂ3 , -w -on o.Fd  ;W‘;Fd<i '”-ﬁl;cﬁonrd.'-'

W w W.-W, | P4 .| W,-W,=~PF4 Wy~W,-cH,0 | ¢H,0 Wy ~W,=-cH O-Fd 1 2 2° "1 "2 e 1 2 "2

1l 2 172 . 172 1 e T2 2" 1772 72 - WV,

_ —_ . - ’ e L , Wl*ngORQG, "W =Wp 192

"l Originall Wt. Total | Wt. off Totel loss | Wt: of wet |Water lost | Water lost | ‘Percent of | Percent of Percent of total
Wt. after | loss | - dry of water |- faeces |by evapor- - with | ‘water in | totel loss| loss loat as
9 hrs. owap.‘raeoesF : A - . ation - faeces fasces . | lost as | water in faeces
_ A . , - | water .

~256:3§ 234,10 2,25 0 2425 2425 ,
302,70 282.25 20.45 "2.65  17.80 118,35 15,70 " 85.5 SRR 1647,
'380.75 313.55 67.20 ‘4,70  62.50 650 760,40 9247 93,0 89.8
404,40 350,00 54.40 4,45 ' 49.95 52,30 47.85 ' 9L.s o8 ' 88.0
“416.45 342.00 74:45 695 67.50 12.35  6s.e0 0.4 07 818
437.65 363.00 74:65 5.35  69.30 72,55 | 67,20 927 " 92,8 -.°9°'°
499.80 439:00 60:80 -°7.65  53.15  58.70 | 751,05 " 87.0 7 87.4 '_234.0
408.55 369:60 38:95 3.95 . 35.00  36.85 '32.90 - 89.2 S 89,9 845
522;60 436;20 86:40 75,90 80.50 81J30 78,40 '°'9a,9 hf( 93.2 ;f9o,7
534,50 423:40 D110 6.50  104.60 109,00 102,50 e 4.2 92,3
495.70 465.10 30:60 - '3.80  26.80 28.50 '24.70 ©86.7 " 87.6 80,7
510,00 444,20 65,80  5.95 59.85 63.70 57,75 . 90.6 90,8 . 787.8
495.70' 477:9@,15;80| s.éﬁ' 12,60  13.70 o 10.50 76.7 197 66.5
59é;go 573;60,19;3b 3.60 15:70 17.20 o 13.60 19.1 81.2 70,4
555.'70 5.52;:2._0 6253 ‘.go 5.170  4.40 2.10 - 3.60 | 81.8 87.7 55.4
548.92 546.70 %:%U Ei.ga,o - 2.20 h 1??22

503.10 498.50 4.60 . 0 4,60 .



INSTAR VI

B i@ A Wy W, Fa Wy -W,-Fd | Wy-Wp-cH,0 | CHa0 Wy-Wp-CH,0-F4 |W-Wp-CHpO-Fd | W -Wp-Fa | W)-Wp-CHp0-Fd
R . . S wl-WE-.QHgO wl.-Wa v WI-WE
——"[original| Wt. otal | Wt. of | Total 1088 | Wt, Of wet |Water 1ost| water lost Percent of | Percent of| Percent of total
| -We. [after |loss dry | of water fasces |by Evapor- with water in total loss|loss lost as
|9 hrs.| of wt. | fasces : ation - faeces faeces lost as water in faeces
, _ » : - . - : water
Dys.' (Mg. ) (MS- ) (Mgo ) (Mgo ) (Mgo ) . (MSO ) (Mgc ) (MS- ) (%) (1) (1) i
N . o . ~
39 215,35 213.40 1.95 0 1.95 .
40 317.60 300.30 17.30  2.15 15,15 13,15 11.00 83.7 87.6 6356‘
2% . 400.80 317.00 83.80 5.50 78.30 76.30 70.80 92.17 93.4. 8.5
22_3 417.00 371,90 45.10 4.80 40.30 38.30 | 33.50 87.5 89.4 4.3
45 = 413.00 373.70 39.30 4.20 35.10 33.10 28.90 87.4 89.3 73.6
46 462,00 409.30 52.70  3.20 49.50  47.50 44.30 93.2 93.9 ' 840
4T 493.50 410.80 82.70  6.40 76.30 74,30 67.90 91.3 92.2 820
49 544,00 469.80 74.20  5.30 68.90 66.90 61.60 92,2 92.7 83.1
s = $532.00 421.30110.70 4,10 106,60  104.60 100. 50 96.1 9%.3 ©  90.8
s, 519.00 438,80 80,20  4.90 15.30 1330 68.40 93.2 93.8 8.2
5o . 527.70 468.90 58.80  5.50 53.30 51.30 ,‘ 45.80 89.2 90.6 71.8
| 53 ~ 576.90 556.10 20180  3.10 17.70 - 15.70 ) 12,60 80.2 85.1 60.6
| .00 535.00 2.00 0 ’ 2.00
54 2% oop.535_ . 3.60 2,02, E
55 . 17.10 Ex.1.80 8.60
56 512.00 507.40 T : -



No, 1 . INSTAR VI
- . _ - TN N ' | Wy -WiymOH,0-Fa | Wo-Wp-Fa | WooWo-oH.O-Fd |
W w W,-W ra W,-W,;-Fa Wy=Ws=0HpO0 | cH,O Wy =-Wo~cHs0-F4d| “17%2 2 1Ryt 1T W2TME2 .
X e |1z oo B | VR ) R (VT moWemee | WeWa |~ WSW
Originall Wt, Total |Wt. of [Total loss| Wt. of wet |vwater lost | water Lost Percent of | Percent of | Percent of total
wt. after | loss dry | of water - faeces |by evapor~ |- with water in total loss | loss 'lost as
9 hrs.| of wt. |[faeces |- ation faeces faeces lost as water in faeces
‘ o L water ' -
Dys. | (Mg.) | (Mg.) | (Mg.) | (Mg.) | (Mg.)
58|  328.70 296.90 31.80  3.25  28.55 26.00 22,75 87.5 89,8 o3
5963 | | -
64 317.10 295,50 21.60 3.40 18.20 1.5,80 12.40 78.6 84.3 57.4
65 422,50 376.60 45.90 3.10 42,.80 40.10 37.00 92.2 " 93.2 80.7
66 " 419020 3750‘60 430 60 30 60 400 00 37080 34020 9004’ . 91 08 7804
6 449.50 393.80 55.70  5.30  50.40 49,90 44.60 89.4 - 90.4 8040
69 | 474.30 412,30 62.00 5.25  56.75 56. 20 50.95 90.5 - 91.6 82.0
170 ' . h .
5'71 44;7.20 387.70 59.50 5.90 53,60 5}..,7(.} 47.80 89.0 90.1 80.4
<;z  449.10 429:70 19.40 3,35  16.05 13.60 10.25 15.3° 82.7 52.8
5 2 ‘ . <20 .70 6,05 - 47.65 47.90 41.85 87.3 88.7 778
7 +545.30 492 2 32.30 g;zé 23.75 20.20 14.95 74.0 79+1 57
76. 466.20 20.00 e 95 17.05 5.90 2.95 50.0 - 8542 14,
'm 446.20 437.40 8.80 .70 8.10 3.00 . 2.30 76.6 - 92,0 26.1
8 ‘ 12.90 % ~  .‘80 ,
[ 424. 0 419010 5016 . '
79 38‘5. 10 382030 i 0 2.86



No. 6 oo , INSTAR IV

- .‘..i"slb .

fr?gl? Wo |W-W;| P wisz-ra Wy=Wp=cHy0 cHp0 w1¥w2;eago¥yd ¥ -Wa-cHpO-Fd| Wy -Wo-Fd Wy -Wp-cHp0-Fd
“7'*‘:%@ginal W | Total [WE. of |Total Toss| We.of Wt ater Tost| Water o5t | Peraent ol eroent o ercen 0
o ~Wt, after | loss dry of water faeces © by with water in total loss | loss lost as
- S 9 brs.| of wt,|faeces _ vapora- faeces faeces lost as water in faeces
, L ‘ . - tion ‘ : water
'Dys. | (Mg.) | (Mg.)| (Mg.) | (Mg.) (Mg. ) (Mg. ) (Mg.) (Mg.) (%) (%) o (R)
0| 50.60 49.80 .80 0 .80 , .80 | o - |
?ﬂAl\h 66.75  58.10 B8.65 .40 8.25 8.25 '7,85 95.1 95.3 86.1
I 2" 17.80  70.05 7.75 .85 6.90 7.35 6.50 88.4 89.0 12.9
3 81.00  67.25 13.75 .90  12.85 13,35 12,45 93.2  93.4 84.0
‘I 13.85 6470 915 .65 8.50 8.75 8.10 2.5 929  8l.4
:2 L | | . | . o
‘g ©90.30 74,10 16.20 11,00 15.20 ~ 15.80 | -14.80 93.7 93.8 - 85.2
9 | 719.90  72.75 1.15 .45 _ 6.70° 6.7 o 6.30  93.2 93.1 81.8
0 | 102,25  81.55 20.70 1.65  19.05 20.30 | 18.65  91.8 92.0 82.1
1 95.50  84.2511.25 1.05  10.20 10.85 - 9.80 90.2 90.6 77.8
2 89,80  82.25 7.55 .65 6.90 7.15 | 6.50 90.9 91.4 77.5
13 88,90  79.95 8.95 .45  8.50 8.55 | 8.10 94.7 95.0 85.4
14 9;2.30 83.20 9.16 025 8.85 8.70 8.5 97.0 97.2 90.1
5 107.00  91.30 15.70 1.00  14.70 15.30 14,30 93.5 93.6 84.7
6 118.30  97.00 21.30 1.55  19.75  20.90 L 19.35 92.5 92.17 83.6
7 107.85  98.15 9.70 1.45 8.25 9.30 - © 17.85 84.4 85.1 66.0
8 113.80 107.00 6.80 . .85  5.95 6.40 5.55 86.6 87.5 69.1
19 113.50 110.05 3.45 .45 3.00 3.05 2,60 85.2 86.9 62.3
%o 107.60 107.20 .40 O .40 .40 i
102.3§ 101.30 1.05 077 1.05 | T

Ny
(=




No. 2 _INSTAR VI
T;f W | Wy |WMeWy | P& | WeWpePa | W -WpmcEy0 e “14Wa'§32°j9d W%;?g;fig:;Fd ,Wi;:f;:¢ . Wifzf:;:a°f3é
[ |original| Wt. [ Total | Wi, of | Total 1088 | Wk, of wet | Water lost| Water Lost Percent of Percent of | Percent of total
Wt.- |after |loss ary. of water - faegces . | by Evepor- - with water in total loss |loss lost as -
9 hrs.|of wt. | faeces L R atlon | - faeces faeces lost as water in faeces
| ) (e | e | i) | ) | e | e | () (1) ati (%)
58 209.45 207.70 1.70 0 1.70 1.70
59163 - | | |
64|  389.80 326.?0 63.60  2.80  60.80 ©57.90 55.10 95.3 95.6 86.6
65| 364.00 335,10 28.90 2.90 26.00 23.20 20.30 87.5 90.0 70.2
66 386.60 354.70 31.90 3.3 28.60 126,20 22.90 - 87.4 89.7 1.8
é 42390 373.50 50.40  3.85 46.55 44.70 40.85 91,2 :92,4, 81.1
s 371.70 345,70 26,00  3.00 23,00 20,30 17.30 852 8.4 66.6
1| 433.00 395.40 37.60  4.40 33,20 31,90 27,50 8.2 88.3 13.2
72 464,40 422,50 41.90  3.80 38.10 36,20 32,40 89.4 91,0 77.4
33 512,00 497¢70314.3b. 3,05 11.25 8,60 ,'5.55' 64.6 78.7 38.8
75 | 495.40 484.50 10.90  1.45 9.45 js.ao . | j3.75' 72'1. 86.6 344
76-177 470,30 457.50 12,80 0 5.00 o | |
M| 45750 451.?0 's,zéi Ex.gs"' 5.70 5.0
17-1718 451.80 415.50 36.30 0 35.65 16.00



lo, 3 | INSTAR III

W, W, | we-w, | Pa | wo-w,Fa T T Wy -0 0-Fa] Hy -y~ cH,0-Fa[ Wy -WyPd [ Wy -H,-cH,0-Fa
riginal| WG, Total Wf...- of | Total Toss Wi of Wot Water lost| water lost ;rgsgtzgf -;wgﬁt of | Temaoftctaf '
wt, after | loss dry of water faeces | by evapor- with water in total loss | loss lost as
9 hrs.| of wt. faeoQB ' o atlon faeces 3 faeces lost as water in faeces
ys, | (Mg.) | (Mg.)| .(Mg.) | (Mg.) (Mg.) | (Mg.) | (Mg.) | (Mg.) (%) wat?il (%)
0 23,8 23.55 0.25 0 0.25 L .25 g o
1 39.8 33.60  6.20 .35 5.85 5.70 - 5435 93.8 94,4 - . B86.2:
2 40.3 334  6.90 40 6,50 - 6.40 - 6,00 93:1 - 92 . 868
3 0 3.9 332 4.0 45 4.25 4,20 ' 3,75 89:3 - 0.4 79,7
4 © 40,8 345  6.30  i55  5.75 - 5.80 . ' 5.25- 9.5 - 91.2. - 83.3
6= - _ o o | , - ]
8 ' 34,7 332 1,50 15 1:35 - 1.00 0.85- 85.0 - 90.0 - 56,6
9 a2z 311 5.0 .55 4.55 ° 4.60 o 4.05 - 88.0 - 89.2- ©19.3
0 ' 49.3 3815 1115 95 10,20 - 10.65 | 9.70- 91.2 9.4 8659
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1.

INCREASE IN CELL NUMBER AND -GROWTH IN SIZE
’ INTRODUCTION.

The cyeclic character of growth phenomena is
nowhere so clearly defined as in the post-embryonic
growth of insects, or indeed, of arthropods in general,
where the moult sharply delimits one stanza of
development from the next. The significaﬁce of the
moult, in terms of internal'physiology, is to be found
in the cells of the organism where ecdysis is preceeded
by a peridd of active growth and followed by a period of
cellulaf quiescence. The anatomy of insects is of a
simple type, the principal tissues being composed of
single layers of cells so that the growth of single
categories may be followed with comparative ease and
accuracy. The insect therefore provides favourable
méaterial for the study of grow_th. |

The weight and size increﬁenté of insects and
théir relation to the moult has attracted the attention
of a number of workers. Of these the most provocative
is the work of Przibram and Megusar (1912) which has
led to a.general'hypothesis‘of insect growth. Observing
that the orthopteran, Sphédromantis bioculata doubled

its weight from moult to moult, they concluded that this
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regular geomstric progression'from moult to moult could
be accounted for'by assuming one division of each cell
in the body between two succeésive moults. Attempting
to apply this concépt to the data of Luciani and
Lo Monaco (1897) for the increase in weight of silkworms,
4they found that the progress;on-factor was, not 2, but
2, 2%, 23, 22, 22, 2!, from'the first to the last |
ihstar respectively. _This'leg then tq:formulate a
general'statement fOr_insect grSWth, i.e., that growth
in weight follows a fegulaf geometric progression whose
exponent is 2 or 2B while growth in length follows a
‘ éimilar_ﬁrogression.with an exponent of 2/'2 or (2/—2)n’
and that this regular progreSsibn is the expression of
the division of.the body cells. From measurements of
entire 1nsecﬁs'or'parts of insects, Teissier (1928) Sztern
(1914) and Alpatov (1929) have been able to support this
hypothesis. Bodenheimer (1927 and 1933) has extended
its application to several orders of insects. |

The hypothesis has been.criticized by a
number of writers on account of the inconstancy of
observed progression ratips; (T4tshack, 1930; Yagi,
1926; Calvert, l929§ Ludwig, 1932, 1934; Key, 1936;
Abercrombie, 1936; Hodge, 1933; Woodruff, 1938).
The insects studied grew at a different rate from that
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demanded by Przibram's ratio aﬁd the ratio did not
remain constant but decreased from moult to moult.

The most pertiﬁent criticism of Przibram's
hypothesis has come from the attempt to correlate the
incréase in the number of cells with the progression
factor from moult to moult, Abercrombie (1936)
found that the increase in size of Japanese beetle
larvae is largely due to an 1n¢raase in cell size
rather than in cell number. There was no correlation
between the progression factors for the growth of the
.entire insect and the incre:se in the number of cells
of the mid-intestine and the brain. - Abercrombie
concluded that, "Bodenheimer's method of calculating
cell divisions seems to have no factual bagis".

Trager (1935) found that xhe entiré larvel growth of
Lucilia ggricata could be accounted for by'the '
increasefzn the size, not the number, of the body cells.
In larvae of Bombyx mori certain types of cells increase
in size duringlan,instar while others remain the same
size and muét therefore increase by cell multiplication
in that instar. Trager‘conéludes that, nSolely on

tﬁe basis of measurements of the grthh of entire
1nse¢ts ﬁo conclusions whatéver can be drawn‘as to the

. significance, in terms of internal physiglogy, of

Przibram's growth factor”.
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It is known that many holometabolous larvae
grow'entirely or in part by increase in cell size.
Weismann (1864) pbserved that the muscle nuclei and
the cells of the fat body increase in size during ﬁhe“
larval development of Sércophaga. Pantel (1898}
discovered that the oenodyﬁes of dipterous larvae

increased in size from moult to moult. The nuclei 6f ‘

the mid-intestinal epithelium of Acanthoscelides obtectus
(Coleoptera) almost double their volume from one larval
instar to the next (Bushnell, 1936). The larval

alimentary canal of Vanessa urticae (Lepidoptera) grows

by an increase in the size of its constituent célls
(Hensen, 1929). Perez-(1902), Tiegs (1922), Maﬁéonr
(1927), Berger ( ) and others have made similer
observations.  Increase of the size of cells qppearé

to be accomplished by an increase of chromatic material.
Polyploid cells in insect tissues have been reported by °
Eilers (1925), Frolowa (1926), Ravetta (1931),‘Sahderson
(1933) and Berger ( ) Reduction to the normal
chromosome number takes.placa at the pupal moult.

Trager (1935) has advanced the hypothesis that }arval
tissues destined to be hiétqused during the pupal

stagé tend to grow by increase in the size of.their

cells while tissues vhich persist to the imago’ tend to
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grow by cell multiplication; and this hypothesis is
guppérted'by the'work of Murray and Tiegs (;?}5) on
the metamorphosis of Calandra oryzae. |

'Now, all the tissues of non-mefabolic insects
"persist” to the imago; and theip‘growth seems always
to be accomplished by’cell-mu;tiplication. It is
somewhat surprising therefore, that attempts to
demonstrate a correlation between Przibram's ratio and
the number of divisions of ' the body c¢ells have been
made with holometabolous insects (Trager, 1935;
Abercrombie, 1936) where growth is often accomplished
by an increase in cell size, Przibram's hypothesis is

based on a study of the growth of Sphodromantis

bioculata, a pqurometabolous insect, and only extended
to holometabolous insects through the doubtful cbncept'
of "latent divisions®" to account for ratios greéte:

than 2 between moults. Bodenheimer (1933) found
Przibram's rule to hold best with paurometabolous
insects. Sztern (1914}~supported szibram's hypothesis
with the observation that there are an equal number of
hypodermal cells per unit area of the cuticle in every

instar of Sphodromantis.

While the work on holometabolous forms has
invalidated Przibram's hypothesis as a generalization

on insect growth, it is nevertheless apparent that there
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has been no adequate 1£§estigation to determine whether
Przibram's growth factor indicates the number of cell
divisions in paurometabolous forms, , | |

In Qhe present study the increase in the
number of cells is relgted to phe increase in size
throughout the post-embryonic development.of the

paurometabolous.insect, Dixippus morosus.

The region of the proctedaeum and in particular,

the rectal glands, have been chosen for the study of
cellular growth, The development of the rectal glands
has been studied in holometabolous forms (Perez, 1910;
Evenius, 1933) but not in paurometabolous forms so far
as I have been able to find. The rectal gland cells
are large and may be counted with ease and accuracye.
It was conceived as an 1nteresting problem to determine
whether the rectal gland cells grew at the same rate as
the hypodermis of which they are a specialized continuation.
Moreover, it was thought that a study of the histological
changes taking place in the proctodasum just before
moulting nﬁght lead to an explanation of the observation
.that the faeces contain & smaller percentage of water
Just before ecdysis than at any other time during an
instar (Smallman, 1940).

The purpose of this paper 18 therefore‘

(1.) To describe the growth and development of
the rectal glands throughout their post-embryonic
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(2.) To describe this growth in terms of cell
' numbers and to re;atg increase in cell 'number
to increase in physical size from moult to .
moult. -

(3.) To discuss histological features of the
rectal glands havi-ng a bearing on thelir
function, pertiocularly at the time of ecdysis. ‘



- ACKNOWLEDGEMERTS -

I wish to acknowledge my
gratitude to Professor Jemes Ritchie of
the University of Edinburgh for laboratory
facilities énd for much encouragement
duriné the course of this work. I have
also to thank Professor N. J. Berrill for
research facilities at_McGill University

where this work was completed.



METHOD.

The material for th;s study consists of
microscopical preparations made from 8 individuals of
Dixippus morosus from each of the six'nymphai instars
and four adults, Within each instar four nymphs were
decapitated and fixed in aloohol;Bouin two or three
days after moulting and four more were similarly fixed
shortly before the next moult. The adult; were killed
'and fixed three days after the imagipal moult.

Seétions of entire insects were cut at 10,5
in the region of the proctodaeum., The material was
stained with "AZan" tripleistain or Harris haemotoxylin
and light green. |

The cell counts were made by selecting a'
section in the middle of the rectal gland region and
counting'the cells in five sections on aither side of
it. 'Measurements of cells and of the body diameter
were made with the assistance of a Zeiss ocular screw-
micrometer.

The body lengths of the insects were measured

with a vernier calipe: before they were killed.
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OBSERVATIONS

R

Generai Deseription oflppe "Recta; G-lands"1
The proctodaeum is divisable into an anterior
intestine}and a posterior ;ntestine. The anterior
intestine 1is linéd withAsquémous epithelium and covered
1nternallx with a cuticulaf intima. At ﬁhe point where
. the anterior intestine eﬁters the posterior intestine,
the epithelium is thrown up into six folds to form a
rectal valve (fig. 1, Fl. 1) | |
" The posterior intestine consists of airectal
sac and a short_reétum proper which éommunicates directly
with the enus., The epithelium of the rectal sac is of
two types; the large, high_columnar cells of the rectal
glands and the small, sqdamoﬁs cellé of the tranéitiohal
epithelium. 'The latter connects the rectal glands and
maeintains the-continuity of the rectal sac epiﬁheliumv
between the rectal glands (fig. 2, Pl. 1). There are
six reqtal glénds throughout development., They account
for almost the entire inner surface of the rectal sac,
the transitional epithelium dipping down between the
rectal glands (fig. 3, Pl. 1), Straightening of the
transitional epithelium allows fo: considerable

distension of the rectal sac (fig. 5, Pl. 1). The

1 The "rebtal glands" have been called the "rectal
pads" and "rectal organs" by some writers to
avoid commiitment as to their function.
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rectal glands are supplied'with tracheae. Tracheales
may be seen between the basement membrane of the rectal
gland cells and the muscular tunic of the rectal sac.
The epithelium of the rectal sac is everywhere
seperated from the lumen by‘a thin cuticular intima,
3u - 6u thick, The musculature of the rectal sac
consists of internal circular fibres and external
longitudinal fibers. The longitudinal fibers are
disposed in six triangular groups beneath the six points
,where two rectal glands are Joined by the transitional
epithelium. (fig's 2 and 3, P1. 1) Muscle attachment
‘to the_rectal glands themselves is afforded by small
areas of exocutioula in the cuticular intims, 'vThe
outicular intima is composed everywhere else of
endoouticula only. But at both sides of eaoh rectal
glend there is a small spot (cross-section of a
longitudinal ridge) of exocuticula and from these
muscles run diagonally to join the muscularis of the
rectal sac. (fig. 1, Pl, 2). The whole mnsculature
provides an excellent mechanism for keeping the
contents of the rectal sac under constant and uniform
pressure. ; ; : ,
- The reotal glane oells‘are large and
columnar, ﬁ5u - 100u in height and 20u ;:ZSu'in width,
The cytoplasm is sparsely granular. The ends of the

cells sometimes appear to be constricted'or tapered
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just beneath the cuticula (fig's. 5 and 6, Pl. 1).
This appearance has been described far the rectal

gland cells of Periplansta Anstralasiae (Abbott, 1926)

and of the cricket and other insects (Cholodkovsky,
quoted by Abbott, '26) The nuclei are typically
round, measuring 20u x 20u, and contain two or three
large granules, They lie ha}fway between the bases
and the ends of the rectal gland cells.

This description Agrees in general with the
descriptions of Wigglesworth (1933) and Hodge (1936,
139, '40) for the rectal glands of other pagrometabolous
1nsec£sz |

Immediately beneath the basement nembrane of
the rectal gland cells there is a layer of deeply-
staining cells which extendsaround the sides of the
rectal glands where they are eSpécially prominent
(ig's. 2, 3, 4, 5, 6, PL. 1) The nuclei are small,
densely granular and elongated. The cytoplasm 1is
densely granqlar and strongly basophilic. Cell
borders cannot be seen. This layer becomes Very
active immediately before ecdysis at which time it
| appears to be continuous with the transitional
epithelium (fig's. 7 and 8, Pl. 1). The region is

"well supplied with tracheoles.
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The Growth of the Rectal Glands.

‘The growth of the rectal glands of Dixippus
takes place only at the time of ecdysiég' At this
time the cells of the preceding instar are suddenly and
completely replaced by the larger_dumber of cells
characteristic of thelnext instar. . This method of
growth is the seme as the "totel and periodic regeneration"
reported by Tchang-Yung-Tai (1928, 1929) for the mid-gut
of Galleria and Aéhrdea.‘ Regeneration_of this type was

| recognized before only at the metamorphosis of
holometabolous insects.

In Dixiggus the moult is preceded by rapid and
sﬁriking changes in the hind-gut. The lumen contains
less faecal material and is greatly reduced in diemeter,
The deeply-staining layer beneath the rectal gland cells
becomes considerably larger, particularly at the sides
of the rectal glands (fig. 4, Pl. 1). Occasional
mitoses hay be seen in thisrlayer. No éell borders
are visible, and since this layer appears to be
responsible for tre regeneration of the rectal gland
cells, we shall refer to it as &a regeneration
syncytium. |

During this period the old rectal gland
cells show signs of disintegration. Thay frequently
become vacuolated; the chromatin 6f the nucleus becomes

clumped and the nuclear membrane may disintégrate

releasing chromatin into the cell plasm (fig. 2, Pl. 2).
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At the same timé the cells become detached at their
bases before the invading nuclei of the regenerative
syncytium, These latter form elongated deeply-
staining cells. Occasionally an old rectal gland éell
may be seen complétely surrounded by these new cells
(fig. 3, Pl. 2). Apparently the old rectél gland cells
are not cast into the lumen but are reabsorbed by the new
cells, The old cutic;e is léft greatly elevated above
the rectal 'glands (fig. 7, Pl1. i); when the new rectal
gland cells have produced a cuticle, the old cuticle
becomes detached from the transitional epithelium and
i{s thrown into the lumen (fig. 8, Pl. 1) The regenerative
syncytium becomes seperated from the new rectal gland cells
.~ but remains prominent until ecdysis (fig. 7 end 8, Pl. 1)
The newly formed cells are narrow and elongated
with ﬁhe nuclei lying at different levels and the glahds
frequently crowded into "humps” (fig. 4, P1L. 2; fig. 8,
Fl. 1) At thisAstage the number of rectal gland cells
oharacteristic of the next instar may be counted. For
instance, there are typically 36 rectal gland cells per
eross-section in the second instar and 5@ in the third;
but in second-instar nymphs kiiled shortly before
ecdysis, 5@ elongated, deeply-staining cells may be
counted. When feeding has begun after ecdysis and the

rectum becomes distended, the cells of the now-enlarged



glgnds become alf%ed end increase in width to form the
ndrmal columnar cells with sparsely granular cjtoplasm
and round nuclei. (figss 3, 4, 5, 6, Pl. 1)

The time required for this total replacement
of thevrectal gland-cells must be very short. The
hypodermis has already begun to secrete the new cﬁticle,
preparatory to ecdysis,‘betore the first signs of
replacement (a thickening of the regeneration syncytium)
appears.,

Regeneration of the "partial and continuous”
type described by Tchang-Yung-Tai (1928) also appears to
occur in the rectal gland cells of Dixippus. Qccasional
cells may be seen pushing ﬁp between'the formed cells
from the baseﬁent membrane (fig. 5,'P1. 2).  These
‘regeneration cells are probably formed from the small
scattered nuclei which may be seen at the base of the
rectal gland cells. This type of regeneration occurs .
in the mid-gut of meny insects (Snodgrass, 1935) and is
regarded as a maintenance mechenism whereby injured .or

exhausted cells are replaced.

Increase in Cell Number end Growth in Size.

The growth of the rectal glands is accomplishsd
by an increase in the number of cells from moult to moult.

There is a slight increase in the height of the cells
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from the first to the third 1nstar ‘but the nuclei remain
the same size throughout post-embryonic development.
~ Bach of the six rectal glands is composed of an approx-
imately equal number of cells,: However, in order to
minimize error in cell counts, the total number of
rectal gland cells 1n ten sections were counted and
the average number of cells per section was calculated.

The number of cells the body length and the
body circumference for every nymphal instar and for the
imego are presented in'Table l, along with the progression
factors for each of these categoriee. The progression
factors are célculeted by'dividing the number of cells
or the dimensions of one inster into that of the next
instar. They are indicee for the comparison'of rates
of growth, | " ’ ’

From Table I it is immediately apparent
'that‘the growth of Dlxiggus does not conform with the
rule of Prziorah and Megusar (1912)., The growth rates
for cell multiplication and for size do not remain
conetant as in a regular geometric progression but
diminish.progressively from instar to instar. The

n
rectal glandéiéo not double in number from moult to

" moult.

The‘rate of'increase in the number of rectal

gland cells 1s closely peralleled’by the rate of
increase in body length and body circumference (Text-

fig. I). Body size in insects is a direct consequence

of the size of the hypodermis. As stated by Trager.



Rectal Gland |  Length Circum. — — ,
Instar Cells o {mm.) | (mm.) Cells Length Circumference
— = — = === e
23 - 12.6 | 1.2 - 5
I t1.40 Ct0.57 | t0.34 | 156 1.67 1.58
| % S | 1.9 |
I * 1.45 *1.62 | *o.38 1.44 1.36 1.37
52 28.8 2.6
111 *1.66 -~ *1.66 *0.51 1.36 | 1.27 1.31
t 70 | 36.6 3.4
Iv t1.70 * 2.66 +0.58 1.34 1.31 1.32
94 48.0 4.5
v | t 3,25 *3.87 | *0.63 1.31 - 1.30 1.33
| 123 62.5 6.0 | |
vi oo * 3.40 . *s.2a| to94a | 12 1.21 1.25
149 76.0 7.5
. Imago. *17.39 *5.52 | +1.29

I - The average number of rectal gland cells in ten consecutive cross-sections
from each of four individuals; the average body length and body circumference of eight
individuals, four from the first and four from the last of each instar. The

progression factors are calculated by dividing the value for one instar by thet of the .
preceding instar. .



No. RiG,
Cells Body
. Circ.
Body '

-

II I v YI IMAGO

Pext-figure I - The increase in the number of rectal gland cells

compared with the increase in body length and body circum-
ference from instar to instar. Ordinate: a common scale of
relative units calculated by dividing the number. of cells
or the size in every instar by the corresponding value in
the first instar. Abscissa: the instars. Each curve is dis-

placed ome instar to The right.
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(1935), the hypodermis is, "a tissue which by its very
nature must heve a length proportional to the lengtﬁ
of the body".. 1In Lucilia, where the hypodermal cells-
increase in size from moult to moult Trager found a
close proportionality between body length- and the size
of the hypodermal cells.‘_ In Dixippus therefore, where
the hypodermis grows by increase in cell number, the ‘
close proportionality between body size and the number
of rectal gland cells in every 1nstar indicates that
the hypodermal cells increase at the same rate as do
the rectal gland cells. | |
, The proportionality in every 1nstar between

‘the number of rectal gland -cells and the body circum—
.fe:enoe indicates that the number of‘rectal gland cells
may be used as an index of the number of hypodermal
cells in an annulus ooe cell in width, The fofm of
»Dixippus is roughly that of a cylinder. Multiplying
the length by the circumference will therefore give an
approximate measure of ths body surface; and
multiplying the number of" rectal gland cells by the
body length will give an index of the total number of
.hypodermal cells, . This data is presented in Table

II along‘withvtﬁecprogression factors. Text-figure

2 presents,the‘ﬁate“ln‘graphio form,



Body Index for number . Progression Factors.
surface of Hypod ermal Number of

Instar (sq. mm.) ‘ Cells" Body Surface Hypodermal Cells.
I : 15;1 290 - 2.66 2.62

II 4b.l' 760 1.87 1.97

III 75.0 1500 1.66 1.70
Iv 124.4 | | 2560 l.74> 1.76

v ' 216.0 4512 1.73 1.70

VI + 375.0 7688 1.52 1.47
Inago ; 57050 11324

wf

corresponding value for the preceding instar.

hTe.
body circumference.

II - The body surface is calculated by multiplying the body length by the
. The index for the number of hypodermasl cells is calculated
by multiplying the number of rectal gland cells by the body length. The
progression factors are calculated by dividing the value for one instar by the
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Cells
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Text-rfigure II - The increase in the body surface compared with t
~ the ingrease of an index for the total number of hypodermal
cells frem-instar to instar. Ordinate: a common scale of
relative units calculated by dividing the body surface or
the index in every instar by the corresponding value in
the first instar. Abscissa: the instars. The second curve is
displaced ome insTar To The righT.
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According to Przibram's hypothesis, the
progression factor for surface area is l 41 or \/—2_
“and remains constant from moult to moult. The
- progression factors fof the surface area of Dixippus
are aiways greater than 1.4l and decreése'progressively
from moult to moult. There is however, a close
agreement between the rate of incfease Sf the surface
area and the rate of 1ncreé§e of the index for the
total number of hypodermal cel;s. To this extent
therefore, Przibram's hypothesis appears to have
some basis in fact, - that the rate of increase in
" size is 4ndicative of the rate of.increase of the

cells of one tissue, the'hypodermis.

The Function of the Rectal Glands.

~ Wigglesworth (1933) has recorded considerable
evidence from all the principal orders of insects that
the function of the rectal glands is the reabsorption
of water from the faecal material in the rectal sac.
Smallman (1940) found for Dixippus that the faeces
released immediately before ecdysis contained a
Vsmallér percentage of weter than at any other time
during an instar. The histology of the rectal glends
shows an interesting relation to these observations.

As we have seen, the musculature of the

. rectal sac keeps its contents'under constant and

uniform'pressure. At the same time the transitional
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epithelium allows considerable distension of the rectal
sac and this means that the faecal material can be
retained in contact with the rectal glands for some time.
This arrangement may reasoﬁably be considered a device
to facilitate the reabsorption of water from the faeces,
‘as pointed out by Chun (1876)

‘ The rectal gland cells are obviously highly
specialized cells of thel;ecta; epithelium, They have
lost the "embryonic" power to divide, in contrast to
other tissues of ectodermal origin’in which this
"embryonic" character is retained to a remarkable degree
(Wigglesworth, 1937). Thegcells'are large with large
nuclei, an indication of some active funétion. A
narrow granulér zone at the ends of the rectal gland
cells just beneath the intima is bften apparent. Such
an appearance has been described by Abbott (1926) for
the rectal glands of Periplanefe.‘ Abbott.considered

this zone to be associated with secretion but Wigglesworth
(1933) has pointed out that such an appearance might
equally wellvbé associated with absorption.  That

the intima of the rectum is permeable to water has been
shown by Eidmann;(1922) and Abbott (1926) These facts
point to en absorptive function for the'fecgal glands,

_ The pre-ecdysial changes taking place in:the

| rectal glands and described above'may pqssib1y be |

related to the observed decrease in the percentage of
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water lost with the faeces at this time. The first
of the pre-ecdysial ohagges cbservable is the;active
proliferation of the :egengratién syncytium.jl This
growth activity and the_expansiod‘of the resultant
cells are processes ;equiring water., The densely
granular appeaerance of theéevcells suggests a high
osmotic pressure by'means:of ﬁhich water could be
obtained fof growth processés from the faeees,and'.
across the permeable intima.

Preceding ecdysis the intima is seperated
from the rectal glands so that thére is an enclosed
space into which solid materisl may not enter (fig.
7, Pl. 1) This condition has been described by
Hodge (1940) as the normal condition in the grasshopper,

Rodenotatum carinatum, and he believes it to be an

adaptation for the reabsorption of water from the
fasces, To quote him, "It seems probable that the
extreme overdevelopment of the'intima of the rectal
sae'of this sbeciés is a special adaptation for the
 reabsorption of every possible bit of moisture from
the very dry food", It ﬁay be significant therefore,
that in DiXigéué the intima is geperated from the
rectal glands 6niy preceding ecdysis and at this time

there‘is a reduction in the pefcentage of water lost

with the faeces.
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It is not clear‘whéther the Euticular
intima of the rectal sac 1s partial;y digested.and
loosened from the rectal glands by the action of
moul ting fluid, or vhether the int;ma is merely left
behind when the old rectal glénd cells are absofbed
by the new cells., chevef,'either of these processes
.would tend towards anincrease ;n osmotic pressure
and hence an increased absprptién‘of free water from

the faécés.}



DISCUSSION.

' The growth of insects is accomplished by an’
increase in the size of the ceils; an inérease'in their
number or an inecrease in both the size and the number
of cells. ~Growth by increase in cell size appears
to occur only in holometabolous forms (Weismann,

1864; Pantel, 1898; Tiegs, 1922; Mansour, 1927; Tféger,
1935; Abercrombie, 1936, Bushnell, 1936; and others);
while growth'by'ihcreése'in cell number appears to be
the method of growth in paurometabolous forms (Sztern, 1914;
Wigglesworth, 1933a). ~ Both methods of growth are known
to occur in some holometebolous insects (Trager, 1936;
Murray and Tiegs, 1936). These changes in the size or
number of eells'appea: to have a définite relation to
moulting end metambrphosis‘since these periods are
preceded'by a period of cellular activity and followed
by a period of cellular quiescance (Wigglesworth, 1940)
The ultimate physical expression of these changes in
cell size or cell number is a change';n the weight and
size of the insect. |

Growth by increase in cell number may be
accomplished in two ways. The cells may multiply by
mitotic division, -as in'phe hypodermal cells of
Rhodnius (Wigglesworth, 1933a); or there may be a

complete replacement of existing cells by a larger
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number of pew cells. This ‘latter method of growth
is reported in the present paper for the rectal glands
of Dixippus. Tohang-Yung-Tai (1928) reports the same
type of growth to occur in the mid-gut of Galleria and
Achroea at the time of moulting. This type of .
regeneration is known to’ogcur at the metamorphosis of
. holometabolous insects, but Tchang-Yung-Tai (1929)
believes it:occursvve:y“w;dely in ﬁhe epitheligl’
structures of insects, and indeed, of arthropods in
general . The observation that total and periodic
regeneration occurs in the rectal glands of Dixippus
extends his "theorie de l'activite cellulaire
pefiodiqué“ to a peurometabolous insect. It is
probably significant that total repladement takes
place in the rectel glands and the mid-gut. where the
cells are large and highly specialized and have lost
the power to divide by normal mitosis. In these
places thefe are two types of cells: -the "funct%onal"v
cells vhich have lost the power of-reproducingl
.themselves, and theﬁembryonio" cells which replace the
former, partially eand continuously for maintenance against
exhaustion and injury of'cells, and totally and
periodically for purposes of growth.

;Tha abrupt change in size at the time of

moulting in arthropods has attracted the attention of

\
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numerous writers,-and several attempts have been made to%
place the growth rate on a mathematical basis. Brooks
(1886) found for the early stages of stomatopod Crustacea
that sach stage increasgd by a fixed percentage of 1its

~ length, = Dyar (1890) found that the growth of the
head capsulé:of lepi@opter&us larvae gould be expressed
in the form of a regular geometric progreésion. Przibram
and Megusar (1912) extended this conqeptAof a constant
growth rate in insects and gave it a biological basis

\in their hypothesis-cf a constant rate of cell
multiplicationm, - |

It would be surprising‘to.find that in the

insects the rule, that the rate of cell multiplication
decreases with ingreasing age, sSo universal among other
groups of animals, shoulq.be replaced by a constant rate.
The concept of a constant growth rate in insects has

been criticized by many writers (Ripley, 1923; Titshack,
1930; Yagi, 1926; Peterson and Haeussler, 1928; Calvert,
1929; Taylor, 1931; Ludwig, 1932, 1934; Gaines and
Campbell, 1935; Abercrombie, 1936; Woodruff, 1938;
and others). In-general the findings of these authors
\agree that the gfowth rete of insects decreases with
increasing age and that different insects exhibit different
growth rates. Woodruff (1938) has suggested that the
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growth rate as well as‘the'absolute sizge of insects 1s
genetically determined. The present work shows that
the rate of gréwth in size of Dixippus is in general
greater than the rate of growth reported by Przibram

and Megusar for Sphodromantis and that it decreases

from instar to instar..
The hypothesis af Przibram and Megusar is
based on average growth factors ca;culated-for the

growth increments of Sphodromantis. : For length these

growth factors varied from 1l.13 to lf38 with an average
of 1.26. Their error appears to lie in assigning
CQnsténey to this average value end in assuming it to
be an indication of the rate of multiplication of all
the body cells.

The aiscontinuous nature of insect growth
is imposed by the firm duticula which in turn is an
expfessién of the aotivity of a single layer of cells,
the hypodermis. It shoﬁld be clearly reocognized then,
that progression factors such as @hose'cf Brooks, Dﬁar
and Przibram bgsed on unifdimensional measurements of
entire'insects will givela direct index of growth for
only one tissue of the insectan organism, namely, the
hypodermis. Ve have seen in the present paper that -
growth in the size of Dixippus is closely approximated



- 25 -

by an index for the increase 1n number of the hypodermal
cells., Sztern (1914) has shown that there are an |
equal number of hypodermal cells per unit of area in
every stage of Sphodromantis. Trager (1935) has

reported a striking agreement between the growth in

size of Lucilia and the growth in size of the}hypodermal

cells, It appears therefore, that measurements of the

size of the insects may be used as an index for ths

increase in the number or size of the units of a

single growth category ; the ﬁypodermia.‘ The

continuous increase in weight between the moults of

insects probably indicates an increase in the sizé of

the muscle and fat tissues at least.- Measurements

of the size of the animal from moult to moult give

no direct measurément of these changes but are

direct measurements of changes in the hypodermis only.
The growth of slze in insects is probably‘

best represented as the grcwth of a sheet of cells,

the hypodermis, whose size and possibly, proportions

6hange in a discontinuous manner from instar to ‘

instar. The expreésion of size in insects is

therefore the result of changes in the size or
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number of the cells in this "sheet of cells", the

hypodermis.



(lo)

(2.)

(3.)

ia. 27-
SUMMARY .,

The histology of the rectal sac of the stick-

insect, Dixippus morosus is described. The

rectal epitheliumvis of two types: the large
columnar epithelium of the six rectal glands,
agd the squamous epithelium of the "transitional
epithelium" Qonnecting the rectal glands,
Immediately beneath the rectal glands there 1is
a deeply-staining lgyer which becomes active
just before ecdysis. It appears to be a
regenerative layer. |

The growth of the rectel glands is accomplished
Just ﬁefore'eedysis by the total replacement of
existing cells by cells derived from the

- regenerative layer. The existing cells are

replaced by a larger numbsr of cells. ‘This
type of regeneration'appears to occur where the
cells are highly specialized and have 1ost the
ability to feproduce themselves. .

The rate of increase of the rectal gland cells
closely approximates the rate of 1ncrease?the
length and circumference of Dixippus. Since

growth in size of insects 1is necessarily a
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result of the growth of the hypodermis, it 18
concluded that the c¢ells of the rectal glands
g?ow at the same rate as the cells of the
hypodermis of which they are a specialized
continuation. An index of the toéotal number

of hypodermal cells closely approximates the . cal-
culated surface area of Dixippus throughout post-
embryonic development. |

It is-conclﬁded that meaéurements of the size of
insects may be used as a direct index of the
growth of only one tissue, - the hypodermis.

The histology of the rectal glands indicates

that they are suited for the function of
reabsérption'of water from the faeces. There

is some evidence that a reduction in the
pgrcentage of water in the faeces just before
ecdysis is related to histologiéal chaﬂges‘in

the réctal glends at this time. |
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DESCRIPTION OF FIGURES. PLATE I.

Figure I - X I40. Cross-section of an entire insect in the
region of the rectal valve. Note the elevated intima,

characteristic of the period immediately before ecdysis.

Figure 2 - X 360. Showing the transitional epithelium joining
two rectal glands, and the group of longitudinal muscles

beneath it.

Figure 3 - X I40. Entire cross-section of a second-instar

insect, showing the six rectal glands.

Figure 4 - X I40. Showing the rectal glands of a thiré-instar

insect.

Fiéure 5 - XI40. Showing the rectal glands of a fourth-instar

insect.
Figure 6 - X I40. Showing a single rectal gland of an adult.

Figure 7 - X I40. Showing the densely granular replacement
cells of the rectal glands and the elevated intima just

before ecdysis.

Fegure 8 - X I40. Showing the densely granular replacement
cells of the rectal glands and the o0ld intima being cast
into the.lumen Just before ‘ecdysis. The regeneration layer,
immediately below the rectal glands, is quite distinet in

this photograph.









DESCRIPTION OF FIGURES. PLATE..Z2.

Abbreviations: Ch - chromatin; Ep - transitional epitheiium;
Ex - exocuticular spot; I - intima; I' - old intima; Mc -
circﬁlar muééle; M1 - longitudinal muséles; Ms - muscle
strand; Nc -.new cell; Oc - 5ld cell; Rec -'repiacement cell;
Rge - rectal gland cell; Rs - regeneration syhciﬁium; Tr -

tracheole; Vé - Vvacuole.

Figure I - Showing'fhe exocuticular spots in the intima and
‘the muscle strands running from them to join the muscularis

of the rectal sac between two rectal glands.

Figure 2 - Showing disintegration processes in the old rectal .
‘gland cells prior'to complete replaoement. Vacuolation of
the cells, disappearance of a cell boundary between the two
| nuclei, clumped chromatin' and nuclear membrane disintegration

with release of chromatin, are all evident.

Figure 8 - Showing an old rectal gland cell with new cells

pushing up on either side of it.

Figure 4 - Showing the narrow, elongated, dense cells of the

rectal glands after replacement and just before ecdysis.-

Figure & -gShowing a single replacement cell pushing up between

formed rectal gland cells.
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OF THE VOLUME OF SMALL IRREGULAR OBJECTS.

‘BY

BEVERLEY N. SMALIMAN, M.A.
DEPARTMENT OF ZOOLOGY, MoGILL UNIVERSITY x

% The work reported in this paper was carried
out at the Department of Zoology, the
University of Edinburgh.



APPARATUS FOR ZHE DETERMINATION OF THE VOLUME oF
SMALL OBJECTS

The apparatus desoribed was developed in comnnection
with a study of the growth and develbpment of the stick
insect, Dixippus morosus.  The principle ie that of

simple displacement anh congistent resulte are obtained
with objects es emsll es 0.007 milliliters.

‘The apparatus is shéwn in Pig. 1, It consists of
two vaodb*step—cooga Joined by & tube whieﬁ serves a8
& 8pecimen chamber. The top stop-cock 18 of the 3-way
type and has a~siée-tube (c) ot'l,millzmﬁter bore fused
eo the upper part ef the wall, ?he lower stop-cock
gerves meroly to drain the vassel. A gide-arm 18 fused
| te the sneoimen ohamber and s gradnated pipette ic attached
to this- by menng of .heavy rubber tubing, The pipette i®
continuous with 8 rubber tube and funnel eupported by the
arm of a unicam. The stop-cocks were lubricated with |
Apiezon "I¥ stop--e'o&: greaeé .

Meroury is introduced into the funnel and rises into
the pipette until 4t reaches the level of the side-arm '
of the specimen chamber., With the stop-cock in position
", water 18 introduced into the spscimen chamber until it
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Fig. I - The aspparatus. The solid line "A" indicates position
"A" referred to in the text; the dotted line "B"

indicates position "B".



2.

APPARATUS FOR THE DETERMINATION OF THR VOLUME OF
SMALL UBJECTS

flowe into the side arm and comes into direct contact
with the mercury. More ‘water io added until it rises
into the bvore of che etOp-oook. ﬁhevmoroury colnmn_
18 then loweref until the nercury-wator pnrtgpn ig
near the lawer end of the pipetta. The stop-cock 1e
now turned to position B, |

The vessel now fbrma a continuous fluid system and
the only opening is theé tube O, ﬁaiéing the meroury |
in the pipette foroes tha water into the tube ¢ where it
is brought to coinoide with the referance level marker.
The height of the mercury in the pipette 18 read and thie
reading 18 the zero for the subsequent msaaaremént.

The mercury column is now lowered until ﬁhe water
level falls from tube ¢ into the bors of the atoﬁ-cook
where én gir-apace is formed, This a&r;space should b%e
eomswhat'iargar than the giza of the dbjeet to bYe
measured. The stop-cock 10 now returned to position ‘A’
and the air-spacé rises in the bore 8o .that the level of
the water is aomawhat beiOw the-ogening. The ohject i
now insertod at the opening and sinks into the spacimen
chamber, The atop-cookfia again turned to position”’d’
and the mercury column raised until the water level once

more coincides with the reference level, The pipette is



APPARATUS FOR THE DETERMINATION OF THE VOLUME oF
SMALL OBJECTS

" now resd and the difference betwoen ﬁhisiraaﬁing'an& the

‘former reading giﬁeﬁ t:h,e'voiﬁme directly.,

The volumes of snmsll eerips of copper of knmm weizght
were calcuiated from the apeeiﬁc graviﬁy. Their volume .
was then measured with the described apperatus using a
pipette gradusted in intervels of 0,002 milliliters. The
following results were obtained, For convenience, the _

results Are expressea in ocubic minimeters.

mﬂfw

Calculated Obsgerved Volnme Stanaara Bﬁviamon Coofficient
‘ ?olume ' (Mean of 10 C of
= . meaaursments) the f&iean Variation
,Qn'.‘ 2146 P . OChia M ' - .
L T8 6.75_ B + 0.52 , 7.7%
10,5 | 1040 + 046 b.6%
28,7 ~ 27.40 * + 074 2.7%
' 61’7 ' _59*099 : il.w | | 3.9%%

- An appsratus for the direct determinetion of the volume
- 0of smal) irregular objects is desoribed, . ‘The prineiple
is that of simple displacement. Resulte are presented
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 APPARATUS POR THE IETERMINATION OF THE VOLUME OF
SMALL OBJECTS

ﬁhleh indicate that oonsieg:ént' rosults may be obteined
with objeots a8 emall as 0,007 milliliters.

| This work was carried out at the Department of
Zooiogy,- the ?-‘Jx_uvéteity_ of Edinburgh. The writer is
grateful to Profespor James Ritohie and Dr. F, Orose

for muach help and enconragement.



