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isolated var~ationa are few in number and are of 

in observation, however, is made 

and does not extend. to certain small groups of ab-

reference is made in later 

are reported in the reaction of 
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136. 
2 • 3 mms long, and th average female 2 • 5 mms • More extreme 

1 ngths are common. The longest ere found in 1 b 34 {graphs 31 

d 38) where maleg were 3•60 • 3•79 s and females 4·60 • 4•79 

, bo in the fourth at~. The short t adult found were 

males at 1'•40 - 1•59 mms in 1 b 25 (graph 47). The horteat 

adult £emales came fro lamb 42 (graph 40) . The7 we:re 1•60 -

1'h eccqais is 1 ikel; to t e pl e between 1• 50 and 

3•70 in males with the mean a.t a.b t 2•3 mms, and in female 

bet een 1• 70 mma and 4•70 mma ,d, th the mean at about 2 • 5 mms. 

IndirectlY; 1ength, in ao f .az u it is oorrelated with develop-

ment, would be the deciding factor in determining the time of the 

ecd,ysis A cert in stage of dev lopment must be reached before 

the worm c moult, and there would be a lower linliting size be-

low which th wo1111 ould be in~ticientl¥ developed to «o thith 

1 t iB probable that the.r ~ an upper 11m1 ting ize be1ond •h~ch 

the orm cannot grow without moulting. Theae extremes doubtless 

approximate the limits set out above. 

ll rmal.ly, the worm is developed uffic1ently to moult at 

about eight d- a. Time in i.teelf does not determine the moult: 

as this thesis has shown, there are undeveloped forms which mq 

per 1st in the fourth stage for up o three week at le t. 

An attempt was made to. relate P.rizb •s rule {quoted b7 

igglesworth ( 70)) to the moulting. 'Phis empirical law (which 

1neidentally is b7 no means universal) states that the weight of 

insects b doubled during each moul. t, and at each moult the lin­

ear 411ite ions are increased by 1•26. The rule 1a based upon 

the h3Pothe$is that every cell in the bod¥ divides once and grows 

to its origtnal size and moults. ~is wae tound to have no re. 

lat1ou~Li9 to the leDgth of Q c at the different m ults. 

~ 19 o be expected because quite apart from ~e empirical 

nature ot this 1;\lle. Q. gurt~ggi increases 1n length between 

moults. and not at ach moult. 

THE LETHAfiGUS, D ECDISI§ OlJ XHl!i Q;RO!TH QYi.VE. 

The ef:foet of the fourth lethargoa on the growth curve ia 

to be s 1n the discontinuity or 11 tep" effect about the 6 - 1 
' 

cia¥ period~ (See fignre 10. P&«& 145 
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or 

of these is distribution of the males 
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144. 
are lower than the at\8 for the other a&11 t popul-

ation • is of course t not b 1n terpret~d to in die at th t 

~ ehano the verage lengths in the old• 

e t p reeo ered wer short r t 

adults for her populations . Statistical anal1ais has alrea4T 

Rhown th there are no aigni:tlc t dU'ferencee etween the me 

values for 811¥ ()! the populat1 attar twelve d~. 

an ext sion ot this ewml tive or summation oune. its 

dU'i' rential or velocity curve was dr b~ plotting the incrementa 

of l n,gth for su.ocassi '.l'his cu.rve is ahown in fig. 11. 

d femal • • 

F~ 0 d s to 2 W'"'• the curve clr'op 111 concession to the low-

ered length consequent en th los of the larYal taU. J'rom a 

me.ro v 1 eity t 2 d.a.ya th~ eu..n"e ris s to a mu1wm for 4 dqe t 

6 a.a,s, and. drops agal.n to z J"', or ~e. 1¥ so, at 7 ~Ill, 'l'hie 

repres nts the first phase or growth up to the !our~ eccJ¥s1s. .u 

into tw cwv bJ tho th4-d ec~s1s. 

Th. . s c d aurv rise eply to a aeries of p ak Yalu 1 

Th 1n-e6'111U' natw.·o o£ the) vol.oo1 v CUI'Ves 1e dne both to 

ter1 d o the smallness of the numb r 

of ob nti In tha~.ry oh «mn3a aht.mld be a eth. with 

gtoorlh veloCity ruin~ from ini.ma1 to maximal Taluea ana pu.11ing 

U lV6 d-.r do a not imPll that th greatest velocit¥ of 

growth 1 reMhad t thb tim • Ind.e d faateat growth in the 

r~h d. at about B dqs • immecliatel.¥ after the fc>urth 

·· ln c idering the aurv~• praaant d in fi~. 10 and 11 the 

would t llow, or ar they 11 ttl mor th 

lt muat be remembered that ind vi 

-------

11ne dr 

-a do not gi'OW ezactl¥ 

alike and. that i.DdivJ.dual curves (both integal, fig. 10, and d1ff• 

.er t1al, fig. 11) will differ from organiam to organiam and will 
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more 

( } £itted lo~istio cnrvea 

~s 

individual 
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di£fe.r aged adult pop·u1ati 

(34) xtend.ed this to the fr~e.living la.rT of the same s las. 
' 

·%.e equation us ed by beth •orke2:" was of a logisUc t e: ... 

L • b 

whera L ~ Length in rom J 

T :: t ime d a i'row tuf a ta.tion 

= fine! size of ·the oi~ 

d n.~.:·e con.stan.ts , d. being us ed b3' cott- and McCoy as a. 

eaa1ll' of tb int:r:ind.c growth rate .. 

l:l fi'ttl:llg c. Ve9 of ~hi.a type to the data. th four th 

stage l~f accc t had to be taken of the ~act that th ¥ di 

not start gr th fr m a zer~ value ,. The formula was 11@-.rtl.,y 

modifi d b,1 ·i;he in 1·t 1 n of' ~other value on the Istt hand side 

The f .lnal cur . s fitted ;ere as fol lows.:.• 

1- 8 d.qs L • .650 

8- 16 d~ 

L ... ·G50 • -~1~·8~5_0 __ -"'JI'_ 

-1 5•2654- lo2056T .. e 

8 - 16 da.Y~ . .L :: 

ue 0·650 has been selected by a process of trial to be 

the b st alle.wan.ce which can be made for the fact that the l&n'ae 

co need gro h at a finite length. lfue values for "b•. the final 

size, a.r& 1 ed~s.ted gus • only. The constants c and d were sel -

ectad b~ tJtisl and arror as giving a curve whicb f"itteA the given 

point3 more closely than ~ other v ues. 

Usi g the above formulae. curves have been plotted and are 

shown i:n fig& 12. The. da.ta f rom 'lfhich these curves were derived 

i s r pr ducc;d in Allfl~Udb: nU. 

C t .in in:fortn t:Lon c · e obtained .from these curves, though 

i t must be accepted wi'th reserve. It is all based upon the cal-

ated bheoretical cu.rv s. and these arr in two major 'I'Si'S • 

(1) ~ey P ... :e v~I-~ e ideal. Not oncy could other Taluea 
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for tho e uat1on giv noar as ood a fit ~o 

the p ints (if not just as good} bu.1) p.robably 

thar typas of equaticn s ch aa -the Gompertz 

or algebr ic fo • ould fit llie point al o. 

'!'he e "ROuld all giv& differ nt valuetJ for the 

COllOt~nt c. 'l'b • rnJ. wS for "b 1~ • the ~ 

0·650 t for t.h initial length of the 

fo:ul'th nt 

( 2) It '1a.s a.lre 

e oirlh dr a-;m t Ill avera~ s are li ely to give 

0 $ qu®.t t infor .. 

ation ~rived :fro::. appl ied to 

individu cas s, bn , i • er e an ap;?roxim-

Th. followin relevant infor - tion. "'an b~ deriv-ed from these 

growth qua.tion :-

F r a'iults, *btt 
lor fourth stage lan'a.e (a. • b) 

(2) ~~~~~~~~WL~~~l~&£~O~Vhua~o~c~mw~g 
For adults • tb 
or four h s '4;~-e l<:U"V • 2a 

2 

.i'or all forms i"bd. 

The e values are get 011t on the next page. 

b • C% 

• ,_e-e Oo ~rt~ e uation y : • 

Algebraic 

~ i.l.son. ( 71). 
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eluded. possibil.ities o£ using the measurement £r0111 the au\lb to 

n11..erA is little di!fe:renc bet. een th the tip f the shell.th. .a.u "' 

specl.os 1n tzus respect howeve.. Another measure ant which is 

not greatl¥ different between the s.peoies l$ that il'olll the anter-

ior end to the genital pr imordiUill.. The 

speci s is very- large, being, ill tho c , 

twice the variation in length 

in.al cells could not b& disttngtushed as separate entities. so 

that measuremeats 11era impossible. Disi.ntegr-a:ti-on cf the ls.rva.a 

al.so Jaade it ,extreme}¥ difficult to pick out at1l det ils f the 

buccal e .. aule , ~en when \lSing t oU ,i,mmersion lens. 

It as fina.ll¥ deo1.ded ~o measwe th~ length of the oeeo-

phagus, m.a. .n~ b cause l.t was well defined • ... In a few cases, 

however, the junction o-f the oesopMgtt wUh the i.nt tiJle was 

obscure due to diainteeration o£ the int~tixlal cells. 

In addition to t<>tal 1 h and the length of th$ oesophe..gu.s 

the shape of the larval tail tip was used as a means f identUic .. 

ation. This in praotioe was not as easy s expected. Great 

care had ttl be taken with the depth o£ :f'oCU$. or else a pointed 

taU eaald be tnisj~ed as being r~u.nd 

BESUL'l'S. 

All the m asurem ts obtained are reproduced. in Appendix X. 

A. . fta!lJll§men\a !A~ tnv s;ro-.prp.it,TQtQl'. 

A 1 equency lX>l¥~ was constructed from the data obtained 

by measurJ.ng two hundred larvae w1 th th& iero-proj ctoJ' d the 

meaaur~ wheel. This r ev-ealed de£ eot in this s.ys t a:f e -

urement when very small objects wer . volved. 

duced to two decimal points o:£ a illim tre. w ~ranged with 

the follo in.g class intervals.:-

.69 - • 70 
·71 ... ·72 
··73 - ·74 
·75- ·76 

ln some class i.nterva.ls no valu&s oeourred, for e le::-

·69 - ·70 
•71 - ·72. 
•73 - ·74 
•75 .. •76 

28 larv 
.nil 
44 larvae 
49 II 

From the na tu.re -of the material, i.t w real iaed that this 

nil r~ t for a clas interval could only arise thr:Ougb. defect-

iva me. "''U.l'ing. Examinatlon of the chart used in transposing 
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