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I'RIMBJ· 

5. 

A Fl&:.D ~·.i:UDI OF .5CHE IIEMAtOD£ PAJtASlTBI 
r6 BOnNES IJf I. ·KI-.ARID AP~t _WI'lli Bfi

CIJ.L RKFEP.BIICE tO '!8IR BIOLOGY AID 
POSBIBLK Mftli)D8 OP ~OPBI'LWI. 

Prel.1111Da17 field 1rmaaucat1oiUI rneal .. tbll ,._.,.. 

~ QaaPSH pect1nat:a>''m..,.,., Jil•-'111 p1•a't 

fMUPbe•p•S- 1 143 •S• ud "me•SPIIP a»¢¢ z= u ,._ 

KxperlMnta vere carried out uncleP t1e14 oonM.1d.c.a, 

at AriiOedaYlakte Reaearoh ftaUca neu Yrrburl ln. ,._ lonh 

W.atern Cape, 011 the H01017 and eplaootoloa' f1l tllue 

pu-u1ha. 

Poaa1ble •thole ot propbJ'l,ald.a ltued em apeU.tal 

obaena,1ou are «•orl'bectt and the J*llible •• ot av .. 

tecio dreMhiac ulna ut•l"' ntbloa wbioh .. ,. pi'GIIlai.Dc 

nnlu la 1nelu4ed. 

UDAQiJiH ... 

(1) ~Ol"th Wllatern Cape. 

!he •orth Vutern Cape, tor••17 part ot 

BeeJwenal and 1a a ft.at a8111f.•ar1d •'tle nDiblDc --.. 

the aru:.ma1 raiDh.ll ftrlu tna 10 lDchta 1D tlw w.n 
u 20 1DOhe• 1n the aut, ooowr1nc -.11117 rr- mfl-

winter and 81'1'1nc. At AnoedaYlakte R-ereh ltatl• 

(2,-s, 2,-ev, altitude a.ooo n.> 11ear YJ7bur, c.P., the 

aYera1• amual ra1ntaU 1a a.)t.o -· (16.9 lDohN) aJJ4 

...-k .. Gwnal ''•.-.-ature Yari.at1ona oecur fro. a 

- _.,"18 or 19.80C (67.60J') te a •an ••- o1 

-o.,-c (31.1.,) Sa Jul7 and rn. a ........ s- ot 

)2.10c (89.80,) ..... ld.Dlllta ot 16.)0C (61.]0P) 1a 

Juua17. liMn RalatlYe Jhllll.dl u... ft17 trea )6$ ia 

.., ...... to,,~ 1Jl Maroh and nMld.De hours r.. a.s ,. 
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6. 

the ar• luke a11Pfaoe ••• ot a117 ldM. PCMM\alnl 

_.. tev aDI tu MWeenJ rtwra taU to PWl o'twr ,.._ 

ln u- ot tlood tOttr abort ,.noa. Bareholea, powend 

- vln411Ula and Dleael p...,. au' auppl7 all wter 

reqdr ... u. Batel7aaeu wter auppllu are ~"Y 

deep, otte braelclah ... t?eq\&8JlU7 .alT 2-3 calleM • 

ld.Du'• ean be ,_,.. up ~ lt0o-6oon. • .,... 1Dl .. 

poUIMI. Fnq•nU7 • ,_... S1000 ._,_. la ut.lt \~ 

la ~ OM va'- nppl.J' and •ttle aut walk •1• rn. 
tbeU araatna t. t• dr'akSDI Voalha. 

and e'Wt &S"'' rtrtUe et.o •• ~. Uter the nlu SA 

er and aut~, 'be pua .-.. a natural bQ' 1ll ,,_ 

ftl.d lD the winter ud the .U.ble buhla pi'OYl .. a pJ'OMS.a 

nppl••'· 0.. the ralu ahl"t pue neda pftd.ftate 

aDd the povth la p,___..J (Qit u,. lD a..-). 

fbe craatDI la et aoocs q\1Allt7 bat ctu to uaual 

tiroUihU o6 at leu' au to ld.M 11011tha • loacer, lltht 

•toeld.na ot 1 beut per '• lD the aaatern to 1 ,_ lS 
110r1• iD the drl• WUtera areu la n-....,. 
(J) lapiN Metbcnltt 

!heh an tw main •tboda of .tand.ac lll ttt. 

dlavtet and .odit1oaUou thereof. 

(a) Ila117 Rueb1.Dc. 

ao.e _ .. , llilk for •*•• taetor1... Cal"t'• are 

oontined to oalt pena aft4 tra~ at btrth aad 

• 1 .ora• • 101000 8«1• ~ a apprGK. at aona. -Kraals are cow yards, or cattle pena. 
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7. 

aeparaW rr. thelr d-. !Jwae oa1t peu are -11 

fenced ett ecloau:rea wl thin or a43acen.t t. the kraal, 

tannc a vtr• 1•'- c1Y1na uc••• \o tbe Jalaal. Botb 

oa1t peu and kraal.• taw tloora oona1at1BI ot aaure 

aco\11114atN Oft!' ~ ,..._ •• 

Cow crue in the w1c1 at ll11ht aJIIl nturn to 

the kJ'aal. ln tbe BICI'Il1hl fro. 7 to 10 .... JIH'M .. 

1• oo••n•d llr raao.lnc t• oalt ~ lt1 pen to Uie 

kraal an4 oaoe 1 t hu atartelll auokllnlt .. eur1DC 'he 

oowa hln4 lea• with a leathar \hcmg (1'1.-l, publal the 

ealt avq aDd ldlkS 111 2 or 3 t•t•. fh8reatter the 

oalt 1a allowed to alMide aDd lett 1ll tM kraalvlth 

the ..., •W I , ... 1 vbln 'hill' are eeparate4 tbl ..U 

rrrtnt~ ill tba kraal, tbl oev l'eturrd.aa '- the 

YeU. Calfta tro~~ 2 w.u to a. ... ,ha or ac• ... 
allowt tate a aull ..., ., ll1aht to lftft vt.'h thl 

older ealfta. 

(lt) a.r Ranehi .. . 

Cow ..... vltb the hlr4 ill , • ... .u, cal .. 

there .ad an Mt aepanted tr. tbe oal.._ until tM 

oal.- are wan.... the ~ paa• fro. the la'M 

at•ern.oon te 'lw tellow.t.Jaa ...uaa, and eo•• te the 

drlDid.ftl tNQih holl about I a.•. 1a tbe ..-na. fbi 

an.tmal• lle dOVIl D.., tbl water auppl7 411H.Dc the heat 

ot the dq ani fi'CII 2 to 3 p.a. or later, driak qalD 

and retunt to the ft14. lJl moat oana cowa an Dot 

milk .. -.beet raaehea. 

A aa-e detailed 4uer1pt10D ot thea• f..Uq 

•thoda tu reoenU, bMa. &1-nn IJT d.a !ott (l,a) 

vbo .:>dlt1ea 'hl• olaaaifteaUon. 

( 3 ) Bb'!17 ot Y!ftd,JIOSj.l 111. \be J.v. Cap!. 

Panera haYe atated that maQJ elwep vel'~.,, ill 

Beebl•n•land 20 to 30 Jea:l"a aao but tba pn••- ol 
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8 • 

..,.... torMd ttt. to a'taudCD abeep fani81 1n faYour 

ot eattle tarmlna. 

Ill 1930 a • ..,.,.. outbreak ot autro-lnM•Unal a ..... 

toclea ln bonne• ocovnct at AntoedaYl*te (MC.n.'llt 

1931). ID 1939 to 19't1 JPourie (14Jit.2) d .. .n.,_. out-

break• 111 thll 41atl'lo\. In tbe amual reporu ot tbl 

It ate Yet•tnart.• (YJ7burl) t 'tV11iaoa1a -.. ocmalcleNd 

Mrloua 1Jl 19116, 1,a.7, 19SO aDd 19Sl. Ia 1,.. anothW 

-•in 011tllreak ot Wadnild.u1a ill oattle ocaurr ... 

Thla r-hld a erlala 1D. ._ apriDI aDII •~• unde 

oond1,1ona ot .. ,.,.. dr0\1113. The 8kte Yeteria.

rlall lDatitu_. a 4oa1nc oupaip. aD4 thl stock Ia

apeno.ate starr doMd lSo,aea 'IMtri.nee vltb \eWaohloe

'bJlOM .ulaton vlth --ll•t reaulta. Prier te 

cloalnc ••oelt cUed on at aD alanine rate, 'but .. 1M*! 

aa doelnc wa I.MUtuW atiotlk loa- atop-pH S.•au .. 
'-171 stoek begaa t1ll1DJ ttt.e•lYea la a.., dqa aDil 

ld.lk pelela blprofttl. 

In YS.w ot the crt'ioal ..-ttlCil the Dlnotor et 

YeterinaJT SerY.toea taft 1natru.t1ona that a 1'\11.1 aoale 

i.JlftaU&aUan ot boYS.ne wrat.no.1a be ~ out 1a 

aeml•U'14 anaa vith head q\JU'tera at Artl0ec1nl.akte. 

!be VOI'k ........- 1ft J•ua17 19SS aD4 ._. et tt. 

lDYeaUcaUou are nporW la tbt.a pape•. 

R&VU.'V OF tHi U:TIRATllm. 

Y..Ua (19Q8) eon.a1Cl•e4 ~ raJ.Dtall ot ?.871Debla 

ill 1922 at --.dnlakte • 'N iDnf'tlcient tor the deftlop

_, ot P'Mplppt'J er IQl'l'lt'•• lanu 1a •• t••• 
~ 'be lntect1Ye •'-•• AecorcUnc 'o MOnn1a (1931), 

P.L. 1• Jtouz ln 1930 cUapoM r.·metw JIWW 

( • ''- plettl.>t £o9PMU .lml•t linn''•• lb&Mita .. _. 
O.ap•rgatmvr re41•S• 1D •ttle. At that u .. \!w 
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9. 

e1S•'1o oondl\10118 were thiDM ot anere trOUiht.• MDnn1c 

1a 'hl• •- art1ole abawld t.bat 'here vu a\lttlclent .oS.a

tvre 1n a dac heap tor lanae '- •••h tbe lDIMU.,. •tac• 
1a 'be abaenee ot raill. llll'tbiJIIIOre be r .. wre4 lanu 

trc:. the aoll ned ~ 'be cbml. Jwap ..S •ua••Mt~ tha' 

cru• pow1na around an.~ 'llroulh 4WII heap8 .., ._...,. a 

aftU'e lnteat&Uon ot VOftl8 lnto tbe Mimal. 

Pow1e (l,a..2) •••cn-1be4 o.-.ra~r.a ol Vwll1noe1a alec 

\be JlalopO 81 ftl" 1n ,..._ Hareld.DI ud Y17burt .&r-. After 

nooda ill J..,_ary an4 febnaJ7 of 19itlt poola lllftd Yleia 

had rweSned vhteh he eona1d.erN ualaW 'ba a)JJ'ee4 ol 

ftJilll.DNta. Purthel'ltOHt he auca .. tN that apreutlq 

p-een crua ne&l' dune blapa, vblle auall7 no\ paJIH 

vould -. crued 4unna t1 ... ot eouaht u111 that eaad7 

ao11a ud tbe prnallifta pa.tlpbate ~1e1-. ~ !law 

fae111tah4 thl apna41 f4 wrnd.r»ala. 

!rl•!rte,..nlue •n.are Ye17 Nalatant ~ 4ua~eauoa 

(M6Dnt.a 1930. CI'Othll 19it8b). Bprut (1~) eheuM tbat 

Madeat1cm vu ,._ liNt 1Jiportant 1Mlb1 '-7 faa'- In 

ti& Mftl~t of JbeM'- pN,..,... ud 1ft tile dPJ 

•••• VwM l.anae eould Bot 4trftlop 1ft puturea aput rr. 
,..._ent -..pa. led*>!\ (19S~ nperW that vet oon-

41Uona were Dot ••"n'lal tor the .... lo~t ot bM.,-

1D.faatat10M 1ft aheep. Altbouch puture vaa dr7 aft4 ....,. 

'71 peen arua eould '""' 4ue ~ aubternneu ..S.atun. 

LMkiDC dli.ftk1n& tro'QI!w1 c1aapaeaa andU' trcncM l.JlDI • 

the aotl, trontac• oa av. .. ete. prorided autf1e1ent 

IIO.lature tor 'he a]tNad ot 'Yel'ld.noala. 
~ .... ... 

Roberta (19~ vorid.nc in <caeenal.aal, .&uawalla 

ate\ed tba\ nnalaoala vu abean\ 1ft anaa v1'h lua thm 

30 1J'l0~• ot .,.ual rainfall, aoept 4a:rirw a1IDoNall7 
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10. 

• ,., :reara. Later 1n"at1aatora eont1r.ed ,.,._., •• (1931> 

eb•erYaUon8 \ba' autt1e1•t JICS.a,UI'e vu ~seet 1Jl dua& 

tor larfte to reaoh the inf'eeUw ataae (Rob.,-u. c• Sul.ll

vcm and R1ek 1912). Onoe 41mC pa.dl had r.ft&CG Roberts 

( l9~ l.r:.)•nted th.?.t S lDOhea ot rainfall a ~ii.r vas JL.-eee

~4'T tor Q. •tor'• ( • 71e Jll•d) k -" f'.rcm 4v.:lf 

,.u, lnlt ((IQPFi• 'RR• aa4 Q. nf'u• aee'*! lua r~n

tall. l!ov.wr, 1D).Ater 1Dnat11a\iou the7 t~1c! !:!....::t' 

\ID4v droucht oond1t1ona, vla llT .. tock ooneectrat .. cc 

amall ueaa 1n 'be Yie1:n1 t7 or 'he vat~rhcl.es es! ?Sa be

oau 1nteahd with lie c•QIW ( • tie n'ptl 1 +7f!Et 

o• Su.ll1ftll 195'3.> fhey atatert thct under •oacht ee"'''-

U.ona Hleotiw cruiDI oould DDt '-k• ~"'laaa1 alii t!w anl

.ala ted .., Mill leYel anci riel* up ~ tbl 4t.an1 )JK. 'Ondar 

auola 0Gn41l1ou lanal ld.lraUOD becaM 1 .. • 1mporbnt, but 

- lllptat101l vaa eaHnt1al and 'hi• eou14 M ua1ated 

b7 hea'W7 deva whloh oecUITH 1D the winter. !he a~acce 

ot ,_,_. pNe.,... s.r .. tat101l ot calwa 1K thiD 

to \he ecmcl•10D that tbl tlatr11Ntion ot th!a parasite 

vu IOYG'Ded llf' ra1Dtall, aad lt vould not a1&1"'Wift tr.. ar ... 

v!th 1••• than 21.-2,. lu~• a.,.,al:J.T. 

fl'OII tbe a'bcrn renew 1 t vlll be ... n tha' aome law ... 

ttaatora (Y.,Ua 1928, apr•t 19it'1a, lloMrU 19111 :Ro~Nwb 

et al 19~) MDtioned tbat Yetidnoala eould nol be apl'eM 

..Ser eouaht OGDII1 UonaJ o\Mr v•kera <"'-'ta 19)11 

1'0\lli.e 1,a..2, .. .._ 19,01 B1* •' a1 19Sl) abD&:Md tbat 

yewtnoe1a clid ooour uacler ""~"• boq~ ooad1'1-t t~ 

reaaoaa tor ttd.a eoo.-reno• wet-e ue' 1n ... t11ated. Ill the 

.llorth W•am Cape au.oh ari«: ecnd1,1ona ••••• aDd it 

VCNl4 appear tba\ •rtaia apee1• ot VOI'II8 1M to\ID4 looal 

eanti Uona 1ll vh1eh 'hl7 ,... altle t.o 'brt. ft and ••• 

aeriwa 1nteabt1ou ot ·~· 
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11. 

PRILIMIIARY IJYBS!tGAflORI. 

•etore •ttarktnc 011 ..,..S...tal v011t at .AftWM4a

Ylalne lt vu ••••n.Ual that the .,eot•• ot wo~ 1ft oettle 

lD tbe ar• M dlasno.-dt tt. P"Yalcoe ot theae •~1 .. 

\.Die 41tteren JlfthoU or ani-.1 huaband17 be 1nfttatS.Cate4 

attempta -.de to asnrtaln •' vbat naaon and ace nook 
beoome inteated1 mel vh1oh age grou.pa1 aurr•r-' _., r... 
tbe etteota ~ 't'U'mlDoala. 

!M tollovl.nl apeol•• wen 41acnoaed at poa' .or

'- on farM 1n ,,_ dlatrs.crt.. at Anloednlatte and at 

tM VJ7lnlrl AMtWrt• 

(1) k•oneb• plagtt <Place 1893) rwaac. 1911. 

IM ... H. plyel 11u receatl)t be• ,. ... ata\ .. 111r 

lolaeru, rurur act Me'lefttt (195\) vhD taw abCND 

tha' th1a •'P4t0l•• 1a bninea ta J10rPholol1oall7 die

Uno' boUt in 114\tlta aDC11nteet1w lanae tr. Ba·m-
~ 

IbM tontodlll (Jha4.1803) Cobll 1898 1n cm.nea. !M 

paraa1tea found bJ' tt. author at peat .orw• an4 the 

1nteot1Ye larvae wre OOIIPU..S with Boberta et al 

4Noript1GM and wen to\11111 Wicto0Mdl7 te be 

U. &,''I'll tbl.a DAM vlll la tatliH be uecl vbiD 

rete:rrs.nc to tbia pa:ruS. te ta bonn•. 

(S.) Jpgg1$Qppp p!Aehptgew (1\all.l. 1900) RaUl. 1902. 

fheH tour apeeiea v.re the aoat OIOIIW'tal)' reOOYered. 

11'1 order ot tbdr pnftl.... l'nquen'J7, ht.Miwr1 

~I.e RMSS•tt vaa P""n' 1a 1.U1•r ni1IIHH tllan 
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12. 

Us nbM 1907) 

waa oooa•1onal.l7 preaent aad • rare ooeaa1ou 

trt•tMl• r}eui·p· (y. LJ.na. 1901) Ran.a. 1911. !be 

onl7 Ceatocle ot note vu *"'''' b'mf'lll (Monte& lte) 

vbleh vu tairq )llrftalm' 1n cal-rea. ~r-tod• 

11.!14 ObtwyaUqua 

FUM aeattered onr an area 200 Jd.lea rrom &aat 

to V.a' aDd 280 mllea hoa Borth to 8ou'h were netted. 

Poat 110rtea wre oarri .. out vhere tar~• wre pr ... 

pare4 •o AOI'1f1oe atook aDd ta ... a oolleoted rrom 

Wterea.' ac• pooupa. Hotea were -.de on the al.. of 

tt. tar~~, •'ocldnc rate, a'Ydlable water aupp11ea anll 

apte• ot an111al hu8HD4rJ •'-· 

It aoon -•••• eYldent tha' ettlw. and ,..__.. 

wre ...-. hea'1117 1nteatec1 t4-n adlllt atoelt, vlth the 

o4d ezeepUon ot the o14 eov. Attar w•ntnc J'OUDI 

atook loll\ eontiUort I'&P1417 aB4 -.17 1aprow4 at about 

1J-2't. IIOI'ltba ot ac• atter the obaap et tMth U au1• 

bble ll'uinc vaa aftilable. 

Ob da1l7 r.aohN oal.Yea wre IIOJ'e bla...U,. lntNWd 

'bllll oa beet raaohea. h• oal••• eonft.nN to ea1t 

p_. and kraab "" an.rel7 tnreeted vtth a ld.xe4 

late•tat1a ~ panaltea. On beet riiDI~ fr"'k app. 

allll 1o plpm• wre preMnt with Uttle eth8' 1nteab

u.on. t'bl 1nteatauana were uual.lF IIU.der t~ Oft tM 

4&117 raneh, and Oal'fn WN la MttleP ...UUOB. 

Cia tar. vhare 4&117 naohl.nc wa Pr4leH.Mt, v1 'h 

aa 11 ttle aa 1-10 iaohea anwal ratntall, •-* 'nel'a 

110re blaYilJ' w .. , .. tt.n tMlr eounterparu • 

tbe beet raaeh, under tbe ... ol1•Uo oonllt1-.. 
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13. 

!bla ""areh a~tloa •auS.ated et two raawe U.U• 

apart kaaWl U DaoedaYlakM, ] 1100 Mrl• alld 11•.1 .... 

Yllllcte1 3,200 IIOI'Ift in aMil\ atoeked v:ltb appNaimatel.7 

1,000 ... ot oa,u.. Vater auppllea tr011 lHJI"ebOlu wn 

pleWUl and Nth t.au wll 411'14 .. 1nto oapa. !he 

toriHI' na a 411PJ raMh atoekM vl\b Re4 Poll and rn.., 
'be latter a beet nneh auellad vtth Aht.Jta.ahr ..t ._.a .,u.. CalftD& took pl ... t~ the lit ot hY-'•• to 

the ]lat et January. A\ Anoed.n'lllkte ftlv• ven MPaJ' .. 

-.. at b1rtb rro. 'bell' .._, ..S •' the tviM 4a11J' 1111-

Jd.nca allowed be teata • vtd.eh '- aueldeJ tJw other two 

vue ldlltecl. Cov b7rdt kraale ad ealr ,... W eoaente 

noon vbleh were el.Mned n~\~1#17. three 8Ml1 _,. 

vve Mt u14e tor 'he oalftl aDd ~·1111 al'ernated 1r

repl.utl7 aooora.na w the ataw ot thl paature. !hue 

eal'fU W a lllld lntea,at1Gil till 'iA9gery app., D. 131M' 

and g. re'''*YI• 

Bl•3en'lakM Oil thl otlwr had. vaa I'U..'l aa a 1Met 

raneh. Cow oalftd 1a U. Ye14 and. r• v.t•h the._ 

uts.lwaasac. !he daaa vere bard• dallJ' lato kl'aala ad 

erub peu to be cloaed v1 til -.. _,.•. ~- \he 

bne41IW ..... , r.ro. re-...., to April oow wre haPc1M 

t.nto ..u Jaaaala to be aer1'<1Ml and lett VS.th the :NIIp..Uw 

M1.lJ tor thr'ee bowra ...,.I'J' ~. thl cal•• acocap .. 

Ill .. the- boUl- '"---h ... laaal.a. tthe eal ... 

wre --. anerell' lal•tei.- --. their eo~.~t•pana at: 

ANMdaYl*te, DOt OD17 with tbe .... apeei .. but ld.th 

t: -- L abJrehe'msP u well. nt..etnoal~ oppoee4 r .. ul.ta 

wre .UV'f'ell villa OOIIP&r1QC till Utteren' 1101'11 l:nlr«eu 

ot a\oek • ,. taru vl'h thD• OD tbl ~ntal ., .. 

Ucm.. 
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rhe pN1lat•17 la••UaaUona bad abo• wlaat ., .. , .. 

ot ,...todea wn OGaiOil 1n U. dlati'J.ct. aliA tb&t eal.YM 

8D4 weanen Hn ., .. heanq 1DtuW than adult ald•ala. 

a C 0 L 0 Q ~. 

Beton uv nt1oaa1 •ana ot p!OpbTlada oou1cl lae 

att.p'*l1 Vie eeolo17 8D4 epiiiOO~OU' ot tbeae pUUltea 

M4 to • 1Jmt8U.eaw. 

A. UAICIIIIG OP &ali AJID D&Y&LONIH! OP LAI'fA& !0 til& Ul'BCflft 
8tAca UDBR FIILD CONDI!IOBS • 

.. tutala an4 Metbocla • 

(1) .,_ .. wue oon .. t.s ,_ .. ._ hall 6 •• .,. 

oa'Ue ntrel'lDI f1011 a IIi_. ~tod• JAt•taU.OD. 

!be taeou wn well Iliad and the ,..,.... fd ••• 

,_ cna -~~lahe4 by t.'da1 Ute ... ot \wo or 

•n aepuate ..... ~, udq Ro .... _. O'Sull1• 

YaU (195'0) Uehnlqu wltb ooe moclitloau-. A 

-.; auaJIOh 10lu,1oa waa UMd w'-4 of •.cl aola

Uon. It waa no'-4 tha' auoroae solution pft "''

•a oouau, 8D4 •as• "" -s.•r to ••• tMI1 - •• 

oaae with aalt eolut1on. More all~ lRlbblea •n tona-

ed bo11fter with auoroae aolutloll tbaA wltb aalt aolu

tlon. !bla - oYehOIM bJ a441DC a tn cbops ot &ql 
etal 

aloohol ....... '*' br nobeft81 <19nu. 
(2) Se'Niltr tift ..._. ot Ule 4uDC waa ...a t• a 0011t1'01 

nl'ue wht.eh - 1neubate4 to• el&ht 4.,a •' 26°c. 
(3) 1M NMliJder ~ the 411DC wu 41Ylde4 toto equal 

q'UilU,lea ot 400 Sftll8 eaebt 1a two espeftmeota, 

bowe..,, tualltt. Uea ot l El• eaeh "" u.eed. tbeae 

apeot~MtU weN ahapec1 ink> heQa alllllu to oattle 

41a& ,.... .t plaeed. in a I'OW neat u eeeb other t.D 

a pad4ook wblob ha4 'been Ulllh..S tor 7""• !b., 

15/ ••••• 
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15. 

were plaoecl on the bare c;I'OW¥l and the aurrcnw1Sn1 

cr••• o\S ott to a belcbt ot S -. la a tev up ... 

r1menu \he duD& pada were plaotc! 1a \be ahal4e of a 

lara• buah. Due to aet1Ylttea ot dune -.etlee 4ur1nc 

._..,. 1 t vaa found neceaaary to pro\eot 4una pacta 

vl'b vir• aaue (moaqulto neiUq) oacu. fbla 

allewed me paaaaae of air 11cht u4 raintall aM 

onll '•rld.t• _.. anta could 1et at tt. dane vhloh 

ct1d not baYe muh atteet oa \he d\lftl 1\aelt. 

(1t.) Due patti were oolleoted at 1ftknala1 vellbed aD4 the 

d\ml broke taw a-.11 pt••• and well ldxecll autt1-

o1ent •una wu bkea tor - eount• aACI the Nlllli ndR 

placed 1D 'he Baenann Apparatua tor 2't houn. fhe 

..u .. vei&h' placed 1D ut7 flmMl vaa SO ar••• •• 
that \be tld.olm•• ot •una did not exoeed l.J-2 ... 1 

poOl" rea\llt1 wre o\l.Ufted when Wa thteka .. a vaa ........ 
Vblll ~ outer orut an4 tbe 4ep'h ot tl'w 4\mc 

were exald.ne4 aepaJ"aHlJ', 4\WII pa4a wn velcbed u 

betore, the o.rut an4 d.epth aeparatu, both ve1abed 

aeparatelf and kept apart tor tbe reat ot the 

exa•2naUon. 

(S) Alter 21t boura SO " ot tlu14 vaa kpped troa the 

bot~ ot t;be tuanela, the 4\ma re110ftld 1 111xe4 vlth 

4r.r eter1le eattle taeoea an• incubated tor e1cht 

ctqa at 260f.:. !be laJ!'Yae reooyere4 tra. the tunnola 

vere allowd to eettle lA tlw eollHUna tube• tor' two 

'o three hour a • <tt. aupematent tlut• a1phoned ott and 

the eed1JMDt •aalned for larYa• ln \M oouattnc 

ohaab..-a ol the RoMrta .n4 01 Sulli ftll (19SO) OOWtfilq 

aU4ea. It the larne wre preaen t Ia lar&e n•bera 
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15. 

1a 'be HdlMa\ a 4llu,1on 0'0\lftt '-ol'ld.qu.e vu aplO)'M 

and the to'al n-.ber .r lana• in 2 or a. " fll a SO 
or 100 oo 41lut1oa wre ooun'-4 1a lbe eeununa al1d• 

.. follow• 

!be larftl. auapeM1oa 1D the UlUUOil •ullea wa 

ahakc, tlnll o.s " p!petttM 1D'o one of •• ehab_.. 

ot 'hi eo1mt1nc aU4e. !he proe.eaa ot ahald.nc and 

plpet\iq vu npeate4 WJ.t11 all the ot.abera bl4 

-....n filled. A dJtOJ ot ••..S.le· water vu add .. to 

•••h ohuiber to atn ._.._ Mlllael • the 0\der ecta•• 
et the tl\11.4 OD the nr.adah ot tbt ~~~~~ • ..-•• 

It 1ntectt1ft lanae vera preamt thq tende4 to n1a 

toward• tbe Hnlaet aad ld0l'08GOPJ' wu faotU tatH 

ther•'F· 

fhe ohaabera vera .all:!ned ld.oroaooJd,oal17 with thl 

low •anJ.t1eat1ca (30 a. ..... r•) anct lanae e0Wlte4. 

u -.J17 larfte •• wre aeoeaav7..,.... traaa1'erPe4 troll 

the aedtaent 1ft the dilutica. tube Oil to alu• allct• 

beat k11led &ll4 the .,..,_ .. ot lnteotlw larwu 14eiP 

W1ed an a pereenU&• llula. lo attempta vve ..Se 

to 1d•t1t7 ••· apeolea of pniafeot1w lanu aad tbV 

wre ..,..17 eo11l"l\M. 

(6) LarY .. 1'1'011 oontrol eulturea and 1neul»ate4 4anl were 

oolleot..t u tollovaa 

A BaermaNl funnel vu t11le4 v1 th vaur up to 2 

laehea traa the 'brta. the 114 ot the .tture 'ar vaa 

vaaW lllto thia f'LIIlllel to .,..Oft &ftl' laM"ae pnaet. 

the oulture ~ar vaa t1Ua4 vi th water at ~tote, Mil 

a p1... ot plut1e •••till plaeed. owr the ~ 

ot the Jar, hel4 tlral.f 1D. poattlon with the ba.ad81 the 

Jar turaed upalde dolltl an4 plaeH 1n thl Ia......_ 1\mael 

eonhiniDI vahr. !be Jar vaa 'hill plok .. up al11hUI't 

\ha plaaUe abeet1q aentlJ' re_.,.d aD4 \be jaJ' allowtl 
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,.,_ 
to ""at ttaelf 1n llw t\llmel. Wld.le tt. plaaUe 

able' vaa beiftl re.oftd ean vaa taken that the •11th 

ot the eultun jar vaa below the lewl ~ vatet- 1n ,._ 

tunnel. !~ plaatie aa.t •• vutw4 into a beaker 

w r1all'ft a117 lanae adhll"ent to it and the beaker' • 

eonten\a poured 1nto 'he tunnel n.xt \o 'he eul tun jar. 

!he land were eollec'-4 2o-2lt boura later, _. 

UPP1DI the lower SO co in~ teat taea. tthereatter 

t~ lame were exa•1ned in the ••• taahJMl •• al.Ma

d7 4•er1'be4 tor larn.e reoonred boa dame w1 th the 

Bear.._ Apparatu • 

. 
('/) Pr~ ... oll•tlo ecDI1Uou. 

!be dai~ ftl"la,lona 1ft tt. ell•Ue o<DI1ttou vve 

reoor61d tor ,. ex))el'l.ull'-1. peri ... 

greti'U.Y, "ftJ4p018, 

!he ob8enat1ona are a.-nartH4 1a !a'le Jo. I, 

in lhe ap,..a.x and \8\leee nbervl•• atated. ..,_..., .... 

.,eriMilbl llUHera are referred to the renlta vlU 1te 

found tn thta table • A aeriea ot 22 poupa ot eaq pa4a 

wre pl .... 1a tha wld trc. 1f.8." to 3.6.f1. laM ~ 

,._ data ahoWa 111 the table wn 1mr.Uable aftA haft Dot 

-... Ullea late> aeownt tar tM followinc reaaonaa-

(1) Coevol n1 '-• of Jo. l aD4 taeubaW -.ltun ,._ 

•-. Ia ..... l(o), f(o), 21(e), 12(4) .,... aot ..... 

(2) Baal ~ vere daaaced lay dune bettlea 1D loa. 1, 

9t 10 and 11. 

(3) Or1&1nal eu per ar- counta ot loa. 17 u4 18 were 

ol»YloUitly 1noorren. 

( !) lats;hinc pt '1'1 1n lJw 11•1«. 

Fro• Septeaber t> Ha.Nh all •••• ha'ehN v1 thin 

....a 4•Y•I on 'hi a'¥8rap aore than balt 'be 

•••• (61$) hatched v1 'hln two day• and nearl.J' all 
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18. 

•• •IP (87.8)) · .bad hatcbM 111 tlW abt:h dq. In AU~uat a11 tJw 

•11• batolwd v1\bla 8 \o 9 t.tqa, b~ troa April to J\IDe, -rrith one 

euept1on,S8-96.3J ot •11• batcblld atter daac had bMa 1a tlw ftld 

tor perioda ot 2-3 weeka. In thla one exception all •••• hatched 

vi 'h11l 13 4QI in Ha7. (lo. 19lJ) • 

I 

flw rate ot blteh1nc 1a a'UIIIIar1ae4 in !able lo. 1 below. 

·TABLI 10. 1.. 

Rate of 111 86tcr~nc 1n Relation 
to At.oapherlo f.-peratur ... 

I I • • • Peroctaa• tT1M &Maxi- ,..,_..,_.. • aMln1mu. ,..,eratur••·• 
• a1D • I 

• Bate bed aclqa I M..n0c 1 Reaa• •c 1MMft 0c I Rue• Oc I 

• I I & I ! I 

• I I I I I I 
I lGO. ... -•. 31.1 • 28.1t-32.6 I 12.8 • 10.1-lS.I I 
I I • I I I • • 100. ., •131 21..] • 22.7-26.1 • 2.6 • 2.6-).6 • • I I I • • • • f8-96.JJ &14-=21• 22.6 I lB.o-27.2 I ].a • l.s-Jt ... • 
I • 

•• bieber hQeratuna •a• ha\ehed rap1dl7J at lower ,_.. 

pea,urea1 bMMYer1 U.re va• a Hr\ain &IIOUn\ ot :lMalul•teaq. 

fhla vu probably 4U tot• 

( 1) Marked d1W'Dal n•tuat:lona la '-Perature, parUoul.._ 

lJ' 1ft ttw vlnkr ..,,_ dlttereno .. ot 21ec Htwen tt. 

da117 ..xiMa and llln1 z t•pera'ure• vere no\ UD

uual. 

(2) flwnoptapJs rea41n~• pw a vu.r ploture ot ,.-p_. ... 
••• tlunua,lone tbreucll 'be ••1 tlwa tbe •re re

oordlDC ol waxi•• aDd JdDS.- ,_,.,.atUJ-u. In 

the at8H1"1 t•perat~• •• Jrlloed•Yl.aJc\41 FF1t.M4 

htch tor loq per1oda aDI ODl7 tell Wow loOc ter a 

tfltl bourl 1.e. ~oa abou' 11 p.a. to •wart.••· In 

the vinte, however, MIIJ*"atuna roee aboft l,.C trc. 

abou' 10 •••• to lt.p.a. aDil rwai1M41 at a low leYel 

fer the reat ot the 4&71 vbel"ea• 1ll _ _. ,..,_..., 
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HL 

•••• exeeed..S 2o0C tor 18 hour a eftJ7 487, onl.7 tor 

6 houra 4&117 did t•p .. aturea exoeect lSOc 1A ld.ctv1n-

te:r 1.e. onl7 trn 10 •·•· to~ p.a. Dur1Dc 8\&:ier 

taperatvea tell below 2o0c t01r Oft17 6 houra per dQ'J 

ln vlnter t.-peJ"atur• bel• lSOC PI'.....S.led for 18 

hour• 4&1]7. !be 1De0fta1a\aftc1 .. or tM rate ot 

•11 hatehlnl 1n the v1ater ta aplatllM "' the taot 

tbat 'l.-perat\U'8a ware DIWIJl lover for loaa.r per1oda. 

lA• batchM •n ,u1o1t17 1n tbe a\1Dl11ht thea 1n 

tNI abade. Ira the winter cbaJa1 pada wre pl-4 1D 

abade or •PM•• to •Ufllillltt lnat wre othlrvS.ae 

14ct1oal. tboae 1ll the ahade hahhld aDd lanae 

uYelope4 liON alovl.J thaD tboae ta t!w .,.. (OOIIPU'• 

xo. 19 vltb •o. 20 am Bo. 21 VS.th 1o. aa>t GrOIDI 

••tteraturu were trecruenU7 2·38c td.at.r 1n the aun

llcht 'hm 1n the abade. 

Jcp batehecl •r• rapidl7 1ft the .wuet of the 

4\1DI pe4a thul 1a the d•per l7inl parte. Vher ..... 

nv the onaat and ..,th ..,... aaaiMd aepuab17 

lower ecc oounta .....we reeOI'de4 1n the toner than 1D. 

'he latMJ- ( .... 16(tt-~) 19a1 20.22). ftla tnd.S.oa

tect liON rapid batobt.Dc of en• in tlte uu,. ,..., 

,_.atUNa lA the depth wre otten. 1~ l..,.r than 

1D the .rut. 

I1Me .,.poraUon ot waMr vaa IIOJ'e urke4 r.ca 
the o\1\er a\ll"fa" ot tba 4Uftlt alr , .. )ti'Oba1a17 sore 

pletU\al ill tht GI'Uat and poaalbl7 ua1aW ia -

iatehi.Dc. 

It vu ._, laporlarlt ~ 41aUncu1ah tbe lanal 

•tas•• ot ,.... paraa1 t.. h'oa rr-11 Y.lna ...... Pure 

eul.turu of the 41tterent apeo1ea ven ua1nt4 llleoe~ 

oop1•1ll't at rel\ll,ar lntenala aner lnouJieU• ot •n•· 
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20. 

l"eoowred r ... Hu.lt a:rand 1"emale wo .... 

Ll ttle ct1tt1eul t7 exlatM 1a 41aUnadald.IIC lnfeoU ft 

larfte tJIOII tJIM-UYina •-tod••· 
,uatelJ ... CJ'1Md -,. lei th (1953). 

larvae haweYer, were aonalderablJ more 41tt1eult aa4 tM 

follov1na aal1ent point• were UM4 to 41.attnc111ah tlwa 

DOll tree..llYlne •-toa••-
(a) 'lr•t auae larne. 

Jllcltp!JD1081eal17 the llll"f'ae belonced to tbe rheb-

41 to1d tne. !he ton t4 the bod7 .a t~F11Dirleal1 

4eereu1nl la dae 17011 the ••• of tbe ... o,.._, 

gractu117 to the tall aDd to a 1 .... !' extent to tM 

bead. !ha ltnath ot all the aped .. of 1anu fell 
n 

lD. the ~· of 292•'00 ld.Orall the MdJia. '-'eadth ,. 
at tl» l:taae ot tbAt ... ophqu waa 19-21 ld.orou. 

!lw Min point et clltt.-en,iat10D waa the 

ouepbaau. aDd the Nat deaor1Jt1• tbe a1Rber -

oountered 1ft the 11 t•ature, of tbla clltter•Uat1cm 

bu 'b .. ll 11YC 'b7 Looa (19U) la hll eple ~ • 

fbi deae7lpUca ca pqe ]11.9 ot ld.a JtUbliea•ls 

la quot«<a• 

"Tlw .-opbaeu pre•enu 41fta1on late tbr" aeoUoaa 

vhloll la oblraetertauo ot tbe l)leH' Y.tl•· ftd.a 

taot baa al..Nad7' Me pointed out 1IJ tM eulter 

w1taraJ but 1n the AJikTl•Snzs lanae the t.hne 

Motlou are not nearlJ 80 abaPp]7 arte4 on, aa 1D 

'he BbeW!JdM• the uter1or Hot1oa 1a atore a
to .. tn 'td.ekneaa (u 0.009 •> l!lro\llb!Nt lu leactbt 

not dlat1MUJ eoaf.eal aa la 'he t!'M 1trial ...... 

w .. , or eYen 'he DGD-paru1tle aen•aUCil ot BRec-

Ziaid• •S•WMM• !he traulUon to tM '~ 

part Ultea pla• ta1rl7 p-aduall7t u doea the ••• 

denina to the term1Dal lnllll, vld.•h ta e the vho1e 

.zoe alen4er and weaker thaD IMWSM• It 'bu• 
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21. 

cU.ttereneea aN obettr'Yttelt eon.tua!on betveea 70111111 

tnJrrW'mn larvae aD4 tb)ae ot fBRMX1"'d• a:t•w•tt• 
aboul4 har411 be poadble.• 

81Jd.larl7 we-de (1S~28) •4• thl obaerntioa ~t the tirat 

•tace lan'ae ot 1• rucat;p and f. lpetaNlj.e ba4J •An .... op}». 

1• wbleh 1a ot tbl uual ,.babd1,1tora abape, 1Nt that \he 

three repone are not u a:t.rpl7 •rked ott •• ••I• 1D. the 

!beae obaernt1ona wre eont1raed. Pirat atace larfte 

ot tt. apeolea ot peaa1t1e vor. atUdied ba4 aft oeaopbagu 

or the rhalldiwU abape wt tbe three NClona wre aot aa 

abarpl.T IIU"ked ott •• t~• ot tlw l&rftl ••aa• ot tr-
11 nne vona. th1a lntormatim oamb1n .. with the alae &ll4 

abape ot the lar'fte d.eacli.Md. above tae1U tate4 1ll -.Jd.na a 

41aanoa1a. 

(') Seeon4 atqe Lar'f'H. 

then wn liON ... 117 c11ttennU.ah4 tra. the tree-11Yiftl 

... toa. --. the f1rat atac• ,....... ~ ataae laPYae ot 

paruS.tle we:ru were OTllndrioal 1ft ahape, of 8(M1 41uaeter 

trc. the bue ot the MMPhaa'U to the aau (2o-21 JdeNU) t 

DAI"rot~ed aharpl7 M the tail. an4 the abeath ot tbe '-11, 

vbleh v .. aild.lar 'M 'he 1nteet1w lanae parUoulaJ"lJ' whe 

the de'YelopaeDt of t.bl aeooatl at-a• vu .ore e4ftMM. 

fhe larYal lenath dape.d..t on the •'*I• ot •• .. los-at an11 ... 

rie4 v1t.h the 1ndlYicl\lal apecd.ea the IIIUd•• 1a L pNtltp,_ 

Mlq '00 lllorona, vhlle tbe .-ber...S.• exoee4ed 100 ldcrroaa. 

fbe ... oplacwt ..,_.. eloaaated, the earJ*II aa4 1atmau 

110re 41ttleu.ll \o clelln••• aDd U. Wl'bu ~~We apatulate 

thaD the tirat •'-'•• !be ..U\Il.&r el-nt.l ot \he lnMatiue 

b ..... opaque uua117 be1111 a dark 'broiWa eolOUP. !he lU"fte 

were 110re aot1 ve. 

!be a.,.et .. ot la"a• ot the paru1 Ue von~ -vere cml7 

41ttwent1ate4 trc. eaob othe 111 tbll,. 1DtecUft ataa•1 for Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 
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22. 

oo•UDI pur~•• the pre-1nfect1w atq .. were 4UferenUau4 

rr. t:ree-11 nne warM. 

(C) IM tltyal,pp'AIID •Ill lut'llDI at 1•nu· 
Lana• dewlope4 ra:P1417 to the lntectlw •tac• nc. 

A\IIU8t to April beinc noowred atMr a lllll1aum p.-t.od ot J 

ctqa 11M 110re rquJ.arlJ vltbla 8 dqa. Ia earl.J' vln'-r they 

were rectoYere4 attar 1'+ 487• but hM no' yet 4ewloped 1D ld.d

vtnter after 21 daya. 

• • 

!AflLI 10. i· 
Mean peroentacea ot lame rec:cweret 

from Auauat to April • 

• I 

• I Mean pe'I"Mntac•• reccwer .. • Mean pereentac•• reeo...,.a 
••o. ota tr011 field apeotm••• ared atter 1acuH.tlOil. I . ...,.. I 
liD t I t I • • the tlat staa• 2rut ltq .. 3r4 atac .. lrcl ftac• • ''ilid I I I .I ·' • a 

0.)2J 
I • • I 1 & I - a - I 30." • • • • I 2 I o.69$ • o.on I - 1~.81 

• • • • • 3 I 2.96. I o.63• I - 19.8-
• • • • • .. • 1.18 • • l.o8. • - 6.1$ 
• • • I 

' I 1.9~ I lt.l]~ I o.sa• '·'· • • • 
' I o.s. I l.lt?J I 1.~ 2.). 

• I • 1 • 0.21 .. • o.68J • ... ..... ~ 2.3. 
• I • I I o.S$ • l.OOJ' I 1.40% • ].8. 
• • • • 

' • o.lt-1~ I o.m I 2.19. • 1.2% 
I • • • 30 I - I - • 1.02$ • o.,. 
& a I. I 

t-he dltterenoe be'veen \M n•b•• ot •11• per P"• u 

r.-..ale4 liT Cl oount• Oil tre•h ta-•, and the au.laera af'-r 

'hl'lou. period.a 1a the tield vea eona14ered to npnMDt tt. 

numlter• ot •a• vhleh !w.d ba'ched i.e. tbe au.ber ot lanae 

1n ,._ dune. fhiiiiH.n J;>el'oentac .. ot '*• 1.anu u • ...,.... 

red w1 'th the laei'ID&tlll AppantWI an4 qa1n atur a peiotl ot 8 

• • • • • • • • • • 
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d&T• 1neubat1on 1a ahown 1D !able lo. 2. 

!hia table 1a ot particular 1nt••• 1n tba' it rewala the 

ft!"J small ::>eroentage ot larvae vh1ch reach the 1.nf'ect1ve ataae 

under field ooncU tiona vhioh vu prokbly due to a ftrJ' hllh 

mortallty or thl pre-1ntect1ft lame. hoa tbe ta1al.e lt ¥111 

be noted that tint, aeoon4 and Ud.l'4 etaa• larfte were at tbe!r 

opU. .. en tbe tb1rd, t1tth and aeftbtb da7• reapeotlnl~. 

Flanher thai atter eoUeetton ot lana• vi th the ........_ Appa

ratua, tba lneulaatloa or duq 1Dd1eated tha' thel"e val a clh

-\1e eop 1n the peroentac• ot 1nteot1Ye larYU neowred at

tar thrM 4&7• 1n the f1el4. 

tM Baermaum Apparatua 11 DOt U ett1o1ent ill .Vaetiq 

pr ... 1nteet1ve u 1DteeUYe luYU aD4 thla .., &OO'*"t to 

aome extent tor thl poor J'etKnWrl• ot the tar..r. WhM thia 

exuaete4 dune vaa IAoubatM bnh unhatehH larne aDd \lbre

oowred pr-W•cU w lar.ae wn c1 VWl ample ohanM to ,.Yelop 

to ttt. 1ntect1ve ataae an4 theA were theft 110ft eaa117 reeo

ver ... 

Bag hatetd.q an4 the 4"elo..-t ot larfte to the 1Dteo

t1Ye atage wn alower an4 liON proVaet .. 111 wlnm. Irl Na7 

aDd June first •taa• larn.e were reoonre4 rr• tlw tov'h k tbe 

h•--tlrat dapJ Heond atqe lar••• troaa 'hi towth \o the 

tvenQ'-alxth 4aJ an4 1nteot1Ye lai'YU wr• not 7•t preMDt eYe 

alter 'vent7-on• "-1•. !be Duaber ot apeo1--.. ...s.ned 1n 

v1nt• vaa no' auft1o1en' u .. tabl1ah vlwn , ... pre-1nteet1 Ye 

lana• reacMd opt.t•l u•elopaes. 

(1>) S1 1""' tu•s• attar»M ayryJ,B1 at 1RJI•• 

(l) BYaporaUon. 

Due to laet ot eq\d.~n' eft'POr&UOft oould DOt M 

-•ur•cl S.ll tbt atandarcl tuhlon. 0., pada were PI'O

tecte4 from tbl act1.tt1 .. ot .._tlea and elnee ther were 

veiaW l»etore --placiDC 1n tbt field and at the t1• ot 

aolleot1oa, t~ veicht loaa ¥&5 probably due to evaporation. 
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fh1a la expreaae4 •• a percenb.&• 1n Table lo. lt in 

vh1eh thrH experlaeD.b were •lectect to 1n41oate the 

effect ot eftpora,ion and o'ba' ollllat.to tactora, • 

t!w peroenhpa ot hatohe4 l.anae reeowre4 tl'OC clUDI 

Jada GPOtl•d to t1eld conUU.ona. !he poor lanal 

reeoYV1" ln ap•t•nt Jo. 1a. when oompez-M Vl th Jo. 

12 vaa d114t te 4eaaloat1on. or tM l&J"fte, broucht about 

by water loa• t~ the dune pad. In the period Allluat 

to April 1t cbml pada loet 6S~ ot their wal.&ht lt7 eftJM»

ration ta the ttrat 6 daTa 1n the t1el4 1••• tbu. o.2n 
of the hatet.l lan-.. reaeht• tbll Weott" .-... fM 

hllblr •tature oorat•t eontrtltu'-4 urkecll7 M the 'bett• 

larftl HeO"fV7 rate• 1n loa. li. &11111 21 lnlt it vu DOU

able that lanal reoown•• were talli.DI ott atteJ" 3 

weka 1D \he latter vheD. eftpoPaUon oauaed 62.S. tevean 

1ll W11ht ot the 4Qftle 

In •peri.llell'te •u.sanaed 1A !able lo. I (appendix) 

it vaa arked feature that larftl reeoYwiea tNm the 

oruat or tba dune ver• poor 1ft ep1te of .ore rap14 ••• 

hatobtng there (BOO. ~ . .- 16(4-3) 19a1 20.22). !ha orun 

vaa drier than the depth due to eftpontion and JJJ-Obabl7 

accounted trn the poor larval rMOY..,- rataa 4ue to e1 ther 

4eath ot the larY&e or poa•lblJ .tarat1oa or the lar.ae 

to the .ol•tv depth ot the d\lftl J)ll4. 

(2) !Jpptratutl• 

111 the period A\lluat to APJ'U s.nt .. un lame wn 

neonre4 v1 thin S-8 4qa. In June thllr vera ut ,.., 

pr•••"' 1ft 4\Mll at'•r 21 da7•t U !able Jro. I (ap,..,.tx) 

1• eon8ulh4 1• appaare tbats 'be 1nf'ect1ve lanae wre 

Mt onl.J' omap10tJO• 'bJ 'heir abSJi'enae, banns no' ,.., 

developed attar 3 wek11 'bUt tbat apecd.raene 1n tbt aha4e 

ahovM lO'W81" l&J'Yal reoowry rat•• than thoae 1a the 

••• due to colder OQ'ld1t10ft8 there. In •c. 20a (table I) 

the mean ..x1- vu 22.o0c and tt. •an ~ t.aoc 
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26. 

t A B L E !i Q, 3. 

Cl1mat1o taotora attect1ne thl ~•rcentace 
of 18l"fte reconred from hatched •"•• 

I .l I •• • I I ..... 0 
I I .-=1 ... I I I :t .. ,.a • 

!5 I I .... t• I I I r4 .,CI : f"'f • c• I srs: 
Ji: 

I . I I 

~ :. I .... ' t I 
.... I 

CJ • e, .. 
• I .... I ClliiV I i:J I 

., .. " -a • x.e I :J I " ..... • t: .... I .... a: 
'C~ I e'B.sa ., t Sit: .e I .... ~ a !.t = '0 I 

f"'f 
I v• • # ., ' I ,.. • I I : I• I! ai: :'! 0 .i~ I tf~._,. .... ... 

I ' I I I I 
I I I • a I I ftc I Oc $ II .. H. 
I I I I 

2 I a.,. • )6$ • • • I • • 3 I , .•• • 3 ... • 21t., 
• I • a. • s.o. I 30. 31.,. 16.7 37.S 3.S 
• • • 

' I 9.3$ • .. ,~ • I I I 

' I 3.2. I ..,.,. I 
I • • 7 • llt.9. • 37.,. I 2l.S 
I I I 
I • • I 
I I I I 

I 2 I o.66;t 1 so:t I t I 
I .. I I I I I 
I I O.W I 62.5'~ • )].1 I 12.1 .. 1 tO 
I I I I I 
I ' I 0.02. I 19~ I 
I I a I 

• 8 I 0.02~ • ea.~ 
I • a 

' • I 
I I • a .. I u • a.2.S!i 
I • I 

• 8 • 2.17J I ~.SJ 1 ... 
I • I 

• 10 • o.oa• a lS% 18 1.5' ,,, a21.6 
I • I I • I lit • l.OU a n> • • l • • • • • 21 • 0.33» • 62.S) • I 

I I I I I I 

12 aD4 lit, Januar)" and Pellru.Jo7 re•pecUYel7. 

Ko. 21 June. 

I 
a 

.r: I 
I • ~ .I •" f"'f 
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owr a period ot 20 4q• and lnl'ectlv. lanae had not 

,.., dneloped. Tbe JI&Xillal t.peratvea ahoul4 baft 

NeD adequaM tor lanal dewloy.ment M the \hlrd ataae. 

Bov_.., aa prev1oual7 -.ntioud vMn .,, ha'oh1nc Naulta 

were beiDC 4•crr1W, t.e.peraturN ln the v1nter remained 

Mlow 1,0C tor ••' ot the daJ' aDd blcber ~raturea 

applied 01117 tw the brief .. , peiocla. !hue Nth eel 

batohlac aDd lanal denlopme' ooul4 pro••• t~ al4 

per1o4a onl7 ln the wtnWJ". 

Collwra]¥ bt.gher tellpera'ure• appU .. fta> lGDIG' 

perloda ill the •WilDer aDd ~1»17 aoeouaMd tor 'be rapt• 

••••loJ)Ilellt to 'he 1nteot1w •tal•• 
!be few laJ"'tU "OO'ftJed in lo. 21 (!able •o. )) 

ap9eared to be 4ue1 therefore, to a oombinatlon ot lov 

temJHtraturea, retardlna d"el<>J)flent and thl •lovlJ 1n

ore .. 1nc evaporation oauainc larval death by deaslcatlon. 

(3) Be1atlys JJue141Sy. 

!hare appeared to be 11ttle oornlatloa between re

latlYe h\ald1ty ot the aboaphlre and larnl •urnftl 1t 

the reaulta ot table lo. l ue conaulwcl. 

(it) la1nta11. 

Io tba •~r the beat reoonr1u ot larvae oeeur:red 

vhen rain fell durlna the tlrat S 4a:r• dune vaa ln the 

tleld. The 41atrlbut1on ...... to be important. Opti

mal reaul ta vera obtained vhen rain tell on the 3r4 and 

1tth, or 2nd and Stb daya tollow4 b7 a further tall of 

rain (loJa 81 12, 13 and lS Table Wo. I - appendix). 

The abaoenee ot rain probably aceountecl tor the 

poor reaulta in lo. 1~ (Tabl• lo.3). 

In autu.1 thia did not appear to be ao i•portant, 

a1nce :rain 01117 tell attar 9 dqa and larnl reooftr1es 

vera reaaonable (Ko. 16 !able lo. I - appendix.) 

In winter in •Jti te of ra1~all talllnc in the tlrat 

10 or 11 daT• larYal reooveri•• reaa1ne4 at a low 1•••1 
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2'7. 

(loa. 191 20, 21, 22 fable lo. I - ap~en41x aDd lo. 21, 

!ab. 3). 

In aprln& rainfall Oft the tlrat and 'hl.rd 4a7t but 

none tbel"eatter, ua1ated lanal deYeloJ)IMDt to the d.xth 

da7 but thweatter larw• dea"ued rap1ctl7 (No. It, fable 

Jo. I - app-'lx.) llain talllnc tor tlw t1rn Uu oa 

tbl alxth d.q 1n aprinc vaa "'- laM \o haft U7 etteot 

Oft the au.niftl. of larYae (Jo. 61 !able lo. I • appendix.) 

(~) •~• and Sunahlfte. 

UnfortunatelJ' tbla vaa onl7 \eatH 1D 'he VS.nter and 

•ca• and larfte clneleped· 110re raplGJ 1D tbe nn thus. 1n 

tbe abHe due to h1tbar t_,.raturea 1ll the ellftll&ht. 

&xperilleu d•eribM ~MVbere ( Ylde W.ra) ~:~owner 

abGwed better reaul\a 111 the ._.. .. vltb apeol-a 1n tbe 

ahade thMl thoH 1a tbe aun u tar u tM HOOftl7 ot 1a

teot1ve larYae were oonoeraad. 

t .. peraturea aa4 rate• ot evaporation v.re \~ latl

Mtel.J llftked w1 th •bad• alld nnllcht, the tOI'IIV lown,. 
the latter eacgeraUDa the etteeta et beth._.,._..~. 

an.a ..,.porat1on. 

( •) ICC•t1il at tpyt,reg-e' PP tlw cU,(tv ept IMS&I•. 
!M ettena ot apoaliN •o t1el4 con41t1ona on the d.ltt ... 

rent apeo1ea 4ealt vlth are nwzar1aed 1n !a'blM lo ... and S. 

!be JtV"I'lhcU of inrect1Ye larYM HOOftredt Nth tro. 4tlrc 

1n tbl laer=·rn Apparatua an4 after turtbtr ine11NUODt were 

avvaaect out 111 1 ezpert ...... ta 1ft 'he per1t4 Beptellber u April 

and COIIPared with the II4Nift peraentac•• of the control oulturea 

aDd are •-al"lMd la !able llo. a.. 8111llarl7 lan.e HOOYV .. 

troa J uperlaenta 1a tbl viDter (MQ' an4 June) wre aYerqe4 

out aD4 ooapand v1 Ul the .... ot the omtrola eD4 •la'DU'laed 

ill fable lo. S. 

Oil aam1nat1CIIl of table lo. It apeolea U'POMd to tleld 

e<DUUooa 1n. d1lftl lMid• above4 lltUe ehuace attar 2 dqat bu' 
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.& 

28~ 

aarkeci obwaa•• OOOU'J'e4 alter 4 4Q'I• Goou.E&I...•PP• Gowed 

a adktd lnonue wblle I•R1Ut1 4•NUed. !hie tudenc7 

eont1mw4 until the 8th da_v, wh11t Q.£1£l'atYI aDd l·ah1tbgf"'R 

r.aalnecl at alllol\ tbe aut level •• trhe or1&1Ml aoAUola. 

ID Table *»• St 'RII'GI liP• 8114 ij.plaql& aohcl 1ft 

tht •- taahion, lN' I·UA•bttcaaua 4eortaled rap14l¥ aDCl ,g.. 

J:e4'•Sil• not 10 aarktdly oYtl' a 14 d., period when the larYal. 

1pec1u Hre coapared with the oont:roll. 

• I 

• hl• 

' 1a 

!ABl.i H O. 4. 

!he ttfeota ot exposure to t1el4 condl tlotUI fa. 
IR£1 111 tp IUmllll 'A 4WI£1~ •RMiM '•·"'Se) 

• 
' Mean lanal spee1•• YariaUaea. 
• • I • • 

• • 
I 

• FS.eld aCooperla •PP• 11, ~luc ao.racu.atar:atB,pblebo~ •• 
I ••• I I • I I I • I I • • l 

• CoaWola • 46t • 35 • 12;1 • n I 
I • I I • a 
I 2 I ... : • 33% • 1~ I ~0 • • I • • I I 
I 4 • m l ao;:: I 14~ I 91 • • • • I • • • ' • 6or I 19.! I u~ • 14 I 

• • I • I I 
I 8 I 12% ' 8% I lU I 9.' a 
:1 I I I I I 

!A.L& • o. 1 • 

7:b etteotl ot expoave to t1tld ooD41 tloDa 1ll 
I&DS'diE • ""'IIIAS .llaiSi.Ma ~iiM Slllial• • 

I ' • • Mean lanal apeeies YU'ia\1ons • 

• Dqa • • 1Jl • I • • I 
I P1el4. aCoopGI'ia appa B. plaoe1 aO,raCiataaaB.pbltbo ...... a 

f I t t •• t I I a 1 I 
• CoD Vola • .. • .. • ll( • ., • • ' I • • • 

•• • •• 4!' •• 3,. . ,• 16:t I .. I 

• I I • • 8 62': ~ I lf'; I ~ I • ' • a • • I • • 10 59> ·a~ • lS~ ' 3% • • I I • • • • I 
14 68$ • 2» • ~ • u • I I I I • 

291 •••••••••• 
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29. 

Bet ore twtlwr el.aborat10ft ot thHe reaul u tvo poillta 

had to be cleared upa• 

(1) Inlect1n larYae aq have Dd.srated. from tM 4uq :pMa be

tore they "" eollectecl. !hia vaa not poaaible before 

the fifth 4a7 1 beoa\llle 1'10 1nteot1 ft larYae ware noOYeJ>ed 

betor• t1w dqa expoaure. Aa abovft later on, ld.1ra,1oa 

.ould onl7 oceur .after the flnh 4q prOY.l4e4 ••••'• 

rain had fallen.. !hta vu poa1ible 1D Olll7 tw ot 'be 

a..- expert .. u 1 tPOJD vhloh Uae data ln !able lo. a. 
were oalcnll.ated. ft. raintau, however, tell 01.\17 • 

the 1th aa4 1\h dqa reapeo,lwl1 lll auttto1..t 4\lallU.

tlea to oallH ld.p-atto.n. :a, tbS.a t1.. thlt a-peel• nue

tuationa ve:re al:read1 .-keel and would aot ••• •teriall¥ 

atteoMd the r.eldu. 

(2) t'lw ~ Apparatu vaa poad.~ •n ettlci•t ta tbe 

eollee,loa ot pre-1Dteot1 Ye lana. ot L ptyet \laD ot 

,._ otMit apeot... 11noe 'be pJ'e-1Dteot1Ye larfae 

wre JMI"el7 00Vftte4 and not 14•t1t1ed 'hl• cou14 be pre

a-.4. ~h.-. vaa, haWYer, no ..S.deM• to prow tld.a • 

~be low effleien., ot the Ia...._ A.pparatua in oollect1n« 

pr ... 1nteet1Ye larvae la abowl -. the uual.lJ lai"PJ" n•ber• 

ot intM,1Ye l.a.nae Neoft!"ed ,._ 1BouhaW4 dult atter 

It ha4 bMJl 1n the Ba--.nn. Qparatua1 tbul could be aocOlm

MC tor 'bJ' the l.lllMtehtMI eua PNMftt lD 4\811 apoae4 fcrr 

a tw dqa 1n tbe ttel4. l'l.rrthenaore 111 or1 U.oal uau 
'her• vaa DO e...S.deoe \hat 1nteoU •• Ji. gleget lar•• vwe 

.,.. ettloien\1.7 oolleekd than tba other apeolea 1a the 

••mann Qparat•• It was, therefore, nnltkel.7, that 

l•• acUYe pre-tntecUft lar't'M would aiiUd.t tbia ,_.. 

4en•J'• ~heh la, theetore, little UkellbDod that the 

results ahaWb 1ll Tablea ~ an4 s, are talae nneetloaa ot 

tt. ettecb of IIWironmenW oon41t1ona CD tbl pre-1DteeUn 

atacea ot the Ute oyele. 
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lt appeared 'hat CappVil app.vere beat adapt .. to the 

enYlraa-eat. In the •~r pre-tnteet1ve atagea ot Q, refi•&HI 
aJid. j.p»•bp1jgeU::Ue realatant tball I· pluG (fable lo. S>. 

I 
H.ovenr, 1n tba winter I. . ph1tbp\MW part1cularl71 rapidly 

deoreue4 ••• atter ~ clqa in 'he field w~- ~·'tf'n• 

eoul4 vitM'taDd •let ooncUtion.a tor 10 d.qa and abov .. a aharp 

dJ'op b7 tba lt.th da7 1a the t1el4. He''PPIII'' a;x.MI appeared 

\o a.. aore rea1a~t to oolcl, but SCIROCi.i app. acd.D • 

predominant. 

(6) QJ,!pta,a QAPd2t1pga 

Da117 war1at1ona 1n tblt el.1Jiat1e oon41~ona trc. 1S.8.S6 

- 23.6.S7 are abowl 1ll HI• 2. Cl1utlo ctata vve laportant 

1n \hiM experillen.ta while •11• were hatoh1nr aDI lame 4eve

lo'P1ftl to tM 1nteot1.,.. •••c•• In aw.er hatchlar and 4eftlop. 

lMilt ve1-e ooapleted 11'1 7•10 dqa but in v1nt•r th1a pro"•• 

eonUnue« tor lancer thaD. tl".r .. weu. !he ol1ut1o data 

to"'' the •arloua expen.enta are a\lftmaJ"1ae4 1n Ta'Dle lo. 6a pe

r1od.a ot 6-10 da7a trOll aprinc to aut.UIID aD4 llt-26 ••• 1a 

ws.nur vere ued, to abo¥ P"eftiltnc el.J.•tlo 001141 tlau, d\&"iDI 

pfrio4a ot •11 hatohlD& and larYal 4nelOPMnt. 
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~l. 

t A B L $ I Q, 6. 

Pre.ai11nc Cl1mat1a CODditlon• durinc 
the pel'iodl of •11• ha'eh1q aDd lu

Yal 4eYelopMft'• 

1 I I I I': :::ta s: ••a 

: i :. ! u : li: ~ . : ~ : i~ : 
I ~ s .• :1 k I ; f I ,: ! • A • i~ I 
I ~ I -J t t S I - I ... I I 

C1 -~. C: 1 IIQ. 1 JJ-.! • •.: : !i: ~!; J I II, . ! : !i : 
·----~·--Q--~~~~---~~·----·-~~·------~·------~; _______________ , 
I I I I I I I I 
I I I 0C I 0C I ~ I H.M. I I 
I I I I I I I I 
I 1 I 9 I 26 I 2.6 I 3S I 0 I 0 I 
I I I I I I I I 
I 2 I 8 I 27 I ).0 I )3.J I 0 I 0 I 
I t I I I I I I 
I 3 I 10 I 26.8 I ).S a 36 I 0 I 0 I 
J I I I I I t I 
I • I 9 I 23.7 I S.7 I ~9 I 10.9 I lat, 3r4. I 
I I I I I I I I 
I S I 9 I 23.. I 3.6 I 33.~ I 0 I 0 I 
I I I I I I I I 
I 6 I 6 I 31.6 I 12.6 I 28., I l.S I 6th I 
I • I 
I 8 I 

I I I I I I 
7 a 28.9 a 1S.6 a S9., a ~.8 • lat, 2B41 3r41 a 

• • • • 12 • 
I I l I I t.th, 6th, ~h. I 

7 a ll.S 1 16.? a 37., 1 ~9.S 1 3r41 ~th, 7th. a 
I S 
I 13 I 
a I 
I 1a. I 
I I 
• lS I 
I I 
I 16 I 
I • I 
I 11 I 
I I 
I 1.8 I 

I t I I I 
8 I 31.3 I 16.7 • 39 I S1.3 I 

I 
)Nt ~th, 1'th,8th, I 

I I I I I • 8 I )).1 I 12.7 I ~1 I 0 I 0 I 

I 
I 
I 

I I I t I 
9 I )1.8 I 1,..2 I S2 I 23.S I )rd, .. ,b, 8th. 

I I I I I 
9 I ~.8 I ~~~ I ~) I 0.) I 9'b 

I I I I I 
1~ I 25.1 I 3 .S I S2 I 9. 7 I 9th, l~h, ll,h. 

I I I I I 
26 I 2).) t ).8 I S2 I 2).0 tl8th, 19th. 

I I I I I I 
19 1 19 a 22.7 a 2.2 1 Sl 1 23.0 al8th, 19th. 

I S I I I I 
I 20 I 20 I 22.0 I 2.8 1 $2 I 23.0 tl8tb, 19'h• 
I I I I I t I 
I 21 1 21 I 18.0 I l.S 1 ,, I 2].0 I 6th, t'h. 
I I I I I I I 
I 22 I 21 I 18.0 I leS I ,, I 23.0 I 6'ht 9th. 

·-----~·~--~·~----~·~----~·------~·..-..-----~·-----------------
• &xperiraen'al lo•. 1, 91 10 &11d 11 not inol\lded - due to atfeot 
ot dune beetle act1vttJ • • Noa. 17 • 22 were carried out clur1nc the winter, thence the 
longer period•• 
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DI SCUSSIOJf. 

the resulta ahovn on the prevtoua pqea an4 .... ar1aed 

1Jl Table •o. I (appendix) were aenerallJ poor. The ellaatio 

au--• ~er vh1oh tbue uper1menta wre ecmduete4 were 

a marked feature ot the 1nYeat1aatlona. Wblle tbl 41tter.nt 

. apeciea ot woraa WH underaoS.Dc the tr ... u 'rtDc atasea or 
tbelr l.Ue 0101e 1D ctuna t btr were aub3eobd o maJ'ked 41urnal. 

temperature VU1.at1ona1 tbe meaa relat1 .. b111ld1Uea were 

aenerall)r low, r~ntall vu either a'baent, aparae or ta1rl7 

wU 41atr1bute4 and adequate (fable Jo. 6). In acl41 t101l 

blah ratea ot eftporation were oo.on whea dUQC loat up ~ 

10t. ot 1ta mo1ature in 1••• thin. a VMk, part1c11lar17 1n. 

aprinl aD4 swumer. It vaa, therefore, not aurpr1a1na tt.t 

reaulta Yar1e4 troll one extr•e to the othft but were cen•ral• 

1.7 poor an4 1nd1oat1 ve of Wlta-.oa-able ; !·:·en~ntal oon-

41t1ona. 

temperature at,pearecl to pl~ an 1mportaftt role 1n eac 
takh1QI and lanal dewloPMDt. It l'aa been abted. 1Q' 

D1Dabur1 (1~) that L• ggpSqrtHf ea1a and lenae d14 aot 

deftlop below a uan mu1lna teape:rature ot 6,... (18.)0c) 

1ft the u. e. A. Ia. Auatralia Gordon (19itl) atat .. that a 

•• maxi•• temperature 63.,ar (17.,0C) vu •Ml'ltial tor 

1anal deYelopiHft' of We parad. '-• A aild.lar te.J~~~NWature 

vaa 11•• bJ' ltoMrta et al (19S2) tor Me D'IAet ~ eattle. 

erott<111 (191t&ta> bu ahoa that a11 •cc• ot I· rewru.c.,..• 

paraatt1o 1n rabb1ta v1ll ba'oh vltld.n 8 dqa at teaperatv .. 

ot sf? ~c> or •"· 

J1r t1nd1naa d14 not contirll thMe onenaUOM. At 

•• JIUimua temperature• of 2S.10C (?7.aGr) 1Dtect1" lar

fte took 2 veeka to develop (lo. 17 fable lo. I • apPttft41x.) 

At a •an ot 1SOC (61t-.a.O.V) and eMil 220C (71.6.,) lanae Jwl 

no' ,., naobtd the 1ntect1 •• atace1 nor l-.4 all the eu• 
hatched alter 21 and 20 d•7• :reapeot1 vel7 (loa. 21, 22 and 20 

fable lo. I); the -n ~ '-P•aturea, bovewr, vare em 
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RecentlY vcrk 1n l..n7a hu ahoMa tha' i·Atc*• vJ.U 

cle'nlop t;o the 1nteot1ft skce la 8 to 12 dal'• 1t the •an 

.u1111a a1r t-u»eratl.IHa are fitO, (2) ... 0c) • .... aD4 tt. 

mean 111n1- teaperatur•• are DO'\ leaa 'Mil ~ (11.1°C.) 

(DS.mdk and D1DD1k 19~SS). ttheae vorkera pointed out 

,., 1n the u.s.A. and AuvaUa1 wbloh •• oowttri .. with 

lmttl"all7 temp .. ate .u., .. , 'he t•peratur• lild.t ot 
6Jt.., (17.80c) oan ,..,.a117 'M appll•ct, lntt tbta vaa not the 

-• 1n 'he K.,. lllchlaad.a vn.re there WH •rked titJI'D&l 

~·mr• nuotuau.ona. fbt.a waa -... ill acre•eDt with 

the ouerYaUona at Araoednlak:M than with •ho•• et ,._ 

.lutral1an, a..r1ean an4 Brl U•h workel'a. 

In experiaaa' Jo. 11 tbe MUl ..n.. tl.,.atlare vaa 

260c aa4 Mall ant•• t•peratUN 2.6°C vhereu ill ap•1-t 

lo. 20 the IIMft •diiUID aDd ~ '-apera-tur• were 22.o0C 
and 2.8°0 

I NIIP .. t1Ye17 (!allle lo. 6). In tbt foJ"'l• larYal develop. 

Mnt vaa OHJl•'-' la 8 dq• v-... 111 the latter no 1nteo

t1Ye larrae van P"HBt atter 20 4qa1 (table Jo. I - appen

d.lx) • %here are a-..ral poealble NUOIUI ftll t.bta • 

(a) ~blriiOp'aph rea41nc• 1n the vS.nter ahowe4 prolonced 

periocla ot 16-18 howe a da7 when air '-""•ture• 
were below 1,-c:. In aprlac \bwiiOIJ'&pha abcRM4 a 

JaOH nen dlatr11Nt1on ot aut- u4 ad.n1- U.pera-

turu. 

(b) Graaa llln1- \npwaturH vue 3•,.-c lOWI' ''*' .S.nJ

,:t- a1r '-P•atUNa ill 'hi vla'-l"t but Mlt• .ore than 

aGe la'tftrr 1n •Pr1D&· 

<•> ,~., ... 1ft the 4epth ot 4una were UUll.7 aec lover 

'han Umpera\urea at. the aurtaoe ot •una. 
In aprtaa, th1Htore1 varMr oontU. ttoaa preft!le4 tor 

a 1011181' ,_1o4 and MaYJ h01ta were lntnqumtJ eel lat.

•hllll and larval 4ewlopllelt vu tlwaa altle to pro .. •• tor al• 

••t 12 hour a a cla7. In the Winter enouch V&l'a'h tor laMal 
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~·· denlopment to proceed ma~d tor onl7 6-8 baea a day on 

the dqa aurtace and tor .-.. aborter pmoa ln tt.. oo»er 

upth of tbl dtma. 

Aotual :rreesinl of f1rat aDd second atac• lame proba

b]¥ alao oocurred durin& the hu.Y7 VS.nter troaw. th1a tre ... 

aln& pJ'obabl7 k1114Ml pre-1ntect1 ve larfte aa vaa ahowft t~ 

o-th• apec1u b7 RauOil (1906)1 Ve&lla (191S)J .. Jwarta 

(19i't) and Mean11 (1930.) In the winter pua lllniata t... 

peratvea ~ -1.38c (18.8.,) "" Hoorde4 tlua atnna aome 

idea of the .. wr1Q' f4 the troet. 

"' the o\ber exv-oe all atq.. ot the rr-u 'Win~ lite 

0701• vw• o011,Ple$ed 1n S dqa vt.& the .u .u:S..- ,...,._ 

rature vaa 32ttc (89.60,) and the lleiUl 111n1 .. 16.SOc 

(62.]0,}. 1t11Q etbllr vo.rltwa v1\h a v14e ftriety ot para-

ai t1e nematod.• baYe· toun4 rap14 qg hatohina and larYal 4 .. 

velopJUDt at h11h teapera tun~ (Tbe:lleJ- .e Robvtaon 191S'J 

Yellla 191SI de Blieok aDd Ba-...., 1926; Ortlepp 192S aDI 

1937; MOnntc 1930; Crot\on 19'NJU•> e-.o.> 

110ntN ld.ni~~ta t.peratUNa WN oal7 appreubM tor a tw 

bwra 1n the early morn1nct and t•peratuna • .,. .. aboYe 

tbe 111nimal le'181 tor lUYal clewlopmen.' ,.._.bo\at the "•' 

ot the clq. 

D171D1 and ••••1oat1on bu beeft ahowD toM a~- oaUie 

ot larftl 4•th1 part1eu.lnr)¥ ot the pre-lnteeUft lllrftl 

•'-•• (Veclla 191S and 1923, Meinnia 1930, Ortlepp 19371 

Cntton 19'+8bJ D~Dnlk and D1m1k 19S4-SS eta.) llawac pau 
that loat more ~ 6S) ot thdr .S.ature 1a the tlrat 5-1 

clqa 1n tbe f1el4t •••• peer lanal r eeovvt .. , 1D. the p..S.el 

8P1"1DI to •tu. ehould :rapid "-•1oat1oa haft ooe,.red. with 

DO rainhll onl7 0.27$ or l .. a inteotift ~were reeovered. 

Bel• hate hed 41.11"1ne thia perlotl but tw lanae vere able to 

reaeh the 1ntect1Ye .,.,.. Fuat 8ft4 aeoond atac• lanu 

reached optlaal d4WeloPIHJlt on the th1r4 aa4 fifth •• :r ... 

.., .. u •el7. It :aoutu:re va• 1Dadequate 4l11'111C th1a perlol 
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1aPft1 4ea'h vu wry aarlle4. O ...... t1cm.a tba' eno .. h 

1101ature exlau 1n a ctunc ,.d for lAI'Y&e to r••b \be 1ntM

\1ve ataae haw U.. aade bJ' vartoaa worker• (M6nn11 19311 

Ro,erta 19Slt Beberu et a1 1~ and 1t1* n a1 19S3). 

fbue vo.rker•, howeVer, 414 n.ot ahcw what pera.ntq4f of 

hakhed lar•ae reached 'be 1nteot1 ve atace, al'houeh NOiud.a 

onl7 reoovere4 a few larwae. fbla vaa probablJ alao due \o 

.na11t7 ot ;>re-1nteoUYe lanae. 

Vhell the ettec' ot naporati011 vu ct.eoreaaM b7 raifttall 

parUoulu~ whaR pre-tnteeUYe lanae wre preaet 1a l.arce 

DU~Dbera (t.e. )r4 • Sth dq)1 tba ~raentac• ot l&n'ae vJ-tJ.eh 

reaoMcl tt. 1nftot1w •tat• vaa oone14era'b1J burl'eaHd. liMn 

ratea ot napo.rat1011 vera hllh tbt blat renlu wre obta!netl 

vhe on at leaat one, but preferably on \vo •parate 4.,-a, 

raiD v .. Noorcle4 4w1aa the ttrat t1ve dap in the ttel•J 

opU.l ren.l ta be iDe o~talNMI vblft •aiD fell fro. 'he aecond 

or thlri da7 onvarda. 

In v1nter1 4\18 to u\~17 low teaperatur•1 1D apiw 

ot 1111Mb lover rate• ot ... poraUon, pre-1DteeU •• larfte ael• 

._ 4eftlope4 to the tntecU'ft •tea•• taw ettecu ot •

aleatton were &lao obene4 1D. v1nter1 vhlre althoUib ea 
blleldna oocurre4 110re rap1417 in tl:la entat ot tbe •-., 

lev. larYae vera reoowred ,.._. tt.n in 'he .tater depth 

fd ,,. c1u1 pad. tht.a .., lHt du to either ..nauv ot 

pre-lnteoU w lanae or \heilr lll&ratian to tbe IIOlat.r deap-

. ·•~ lqeJ-a. 

ao.. lntereeUnc obaenatS.ona were uc!e 011 reuttcma ot 

the tUtferent •PM!•• 'o the ezwir8DIMilt. 

tttw PH-bteottYe •tac•• ot CQApczk app. wre M8t 

adapted to vltbnanll e't'lPOftJI.atal ertreYHa of hMt _. ool4t 

and ~ aad .....,_.uwl.J 4rt oonUUona. 

on tbe other bud vu nah 1••• real•tan' to beat, oold 8Dd 

eriAl OOR41,1ou. 111 •' er 1u pre-lnteot1ve •tac• 4eer••• 

ewn .,re rap1~ UJu 'bo•• ot g.refl•t• ud le'aN elpp'q 

bu' 4urln& 'be Gllol•r vinMI" .ontlw OOD41t1on8 wN .,.. 
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36. 

ta~urable anct Wa apeol .. vu able t1o maintain ltaelt 

better. Onoe 1t h.cl reaebl4 the lnteotlft •'-c• b~Mrnl't 
it oer'-1Dl7 vaa liON r••1atant thaD el thai' g.re4J•t• • 

•phltlpg'] r • fhte wu alao oontt:rtnM in ext'•~ 

duari bed elaevhare. 

AuAn-.wtca8 ,.,,,,,. vhlle ..tnta1nial ibelt talr~ 

....U ln tbl a... Mfttha vu appannt17 nnaltift to eo14 

eoncl1 tiona am r ... r 1anae were able to aeh the 1Dteot1•• 

•tea•t 1ft expetJBeta OODdeted O'ftr perlod.a fiJI 1-av than 

10 •• 1n the winter, thall the lanae ot '"Pidl app. 

l gtgwp pb1thq,... •lnta1M4 l\MU fa1rJ7 ve111n 

tbe,..... 1a1tb8 et 'be par but vu eenalUw to oe14 ecn

dlUona. Aoeortina 'o letlfartz (19JI.) aDd lprct (19't61t) 

thla apeelea la alao ftJ7 Hnai tt w to deaaloaU.ca. fhla 

vu no• entlrel)" oonttae• in .,., upeH•nu, u t.Dt'eeU" 

lar'YIM """ JJNMnt vhe DD rain vaa neor..ct an4 the 4unc 

ftl7 dJ7 (2{)) aad (o), '(d) fable Jo. I - appentlb.) However, 

vith vell cUatrlbuted rainfall onr the ttr.\ tift _, .. ._ 

dqa, ~ JIOtll'e lane• Naobl4 the infect!•• •tat•• Al

thou&h cl'aftl pada ,.S.el.d .. rev ot thne lan-a• vbln the ~a ... 
.._ A.pparatu. •• uae4, lnoubatecl duftl ahowd tt. pna_.. 

of lute JlUIIbel"l Of lanae. 1\)881~17 'tlllOr noed1ftc aondl• 

t1ona the •u• dld not hatch • nadt.l.J u thoM ot •• .-,... 

•'PM1•• clue P•baP8 to 11\0nued IIO!atun or the •- U.1• 

naa 'he •u• ot all". !lila eould aot be ocntblled ... 

aocordlnc to a,na' (l,a.b) en• et thla apeet• ,.... ab 

to •teh. Altho-.h th1a _.,.,heela ~be feuable 1' 

._. ._. 11kel.J' that pre-:l.ntMt!ft laPftl ., .... , Hlftl "17 

•natU.ft ~ •••1cat1on. auntw4 111l4er vet eontitlOM aat 

wre Heoftn4 u 1Jiteet1Ye larft8 after 1neultaUOft ta ,._ 

laboratorr. E:lptriiHftta Clll 1nteot1" lerwe 4U0!'11Md 

el.Mvbtre ( Y.lde tntJ"a) teded to eontll'll the latter vlev. 
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37. 

Iawattcattou ••• carne« aut on the bateh1nc ot ••• 

an4 dft810))a81lt of lan-ae to the lntee•tve •tat• et &-asia 

~p. §.pt•gs, g.rf4t•S• aad LpNebAWJW \Iader 1'1•1• 

ocn41 Uona. 

fM to11GW1Da obaerYat1ona ,.,.. ad• 

(1) Ja• batche4 vl'hla elcht 4qa an4 lnt..U.w lal" .... wan 

reco•end atMr a ld.nlll\lll pe1o4 of flwe 4&7• 1D. •" er 

'bu' aon tnquenU, at .. .._ ciql tNt~ 1P1'1nl M a~ 

rtrat au ... oru~ atap lana. reaobld theU opU... 

deftl.OPIMD' Oil tM thUd ad ftf'h 4qa NI,..U ft17 

an4 inteoun ar.ae OG tile .... ,h d.aJ'• 

(2) Ia. winter Ita) ef eca• had aot ;v.t hatobed at•r 21 da;p 

ill tbe t1eld and no larfte Md reached \he 1Ateet1n 

1\aae w~ '-PVatuftl NDIM tw. a aeaa ld.al- ot 

l.~c to a .. .a .. ot liOc. ProvaetM .. ftlep. 

•nt ot the rr-11 Y1nc •tac•• ... ~a1bl7 "- ru•t 

onl.7 to dilii'D&l te.perature nuot\l&t1eu bat aleo to the 

lone 4uraU.on ot oold oondlUouJ l~r t•peraturea ill 

'he •bad• tMil 1n the •nt 1n 'bl 4ep'h ot 4-. 'bM on 

'hit aurtace•J graaa ~ te.pera,UNa •• __.. M 

3-~ lowe:r tbu .U '-P_.atv••t hea¥7 troau PN•1-

bl7 eauainc tr•••1DI and clea'h ~ pre-tnt.ottw • ..._. 

(3) Harked ••aporat1oa oecvred rr. aprift& to autu.t. 

Whlo aolature l.oaa ctu. to eYaPOJ'atiora oa~ a ........ 

ot 6S- or JDOM 1n vei&ht ot dime v1 tbirl ttw t1r•' 'J-1 

4qa, YerJ tw larla8 rMchlcl tbt 1nteeU ve •'-•• 

(It) Eaa• bate heel .110re np1dl7 bu' lua tnreati'M larfte 

ver. reoovered r.roa the crua\ than the depth ot the dUQI• 

(S) Ra1ntall 01'1 one but peUcu1arl7 • two M..-rat. • .,.. 

troll tba aeeond to the ntth or at.ab dcr, ea118M ept1• 

zaa1 aondi Uona tor lanal dnelop••nt rrc. apr1nr to ..., 

w-. In tM vin~er ra1nta11 llllde 11 tt1e dlfterenae 

to lanal ct.wlopmerlt aDd '•perature• appearecl 'o 1Mt liOn 

iJiportant. 
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~e. 

(6) • o oorrel.aUon alated between. Nlatt•• l:aur.lldl\7 ot ''
a--.pbere and larftl dewloPMDt. !he attaet et 

aba4e eGJ~Pflft4 v1 th •Wlllcht 1A \lw vlnter ba4 1 u 
main artecst 1n tbe 11041ftoat1on. O:f \eapa-atuna aDd 

ratea ot -..porat1on. 

( 7) GQQP'rle •PP• vee well adapted to extr-• of t.at aa4 

oold,dryneaa an4 d•••1ea,1on. He plesll v.re more 

nna1t1ve tic bot ar14 eon41Uont but ..-. nalnam to 

oold. o. ad' atw vaa :reaiatant to bot 4r7 oonti Uone 

but aore aena1 tift to oold winter coadi ti_.. 

B. nNebQ!crr altbDuah oeou1onall7 niiOftred ader . 
Yel"7 dl7 oon41 \1oM at hich t•m~ratuna, ,u· ._., ..,. 
a1 '1 w to eold, and otll7 prueD.t ln lara• n~• 

vM!l veu dlatnbutecl ra1na prori.cted adequate IIOlatur• 

tor larftl cleftlopment 1n tt. ll8111V. 
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39. 

B. ACTIVITl' .AID BURVIYAL OF IRFEC
tiYB URYAB UIDEP. FIELD COlfDI• 

UQIS. 

(1) Inteated clUI'lg waa collected troa tbt reo\um ot tvo 

or more 1Dtea\ed animals, abape4 1nto a 4uac pad an.cl placed in 

var1oua poa1t1ona in tbe wld to simulate natural detaecatlCIIle 

&1nce clWW b"Ues wre ftJ7 actlw trom Ncw•ber to April moat 

clUDI pada were placed 1n a protected poa1t1on ln the 01*\ tor 4-S 

dqa to Jardc before being placed 1n the veld. In the har4 dJ7 

atate d\lftl dlcl not attract thll beetle• ao read1l7. 

(2) To trace mi&rationa both thl 1nfeated dWll pad aa4 

the aurro\.11141ni habl tat were eua.t ned tor larvae. Specimna were 

th ... rore, collected and placed in Mparat. labelled cQ'\Wnera 

aa followaa-

A. DUD« pacl. 

B. SoU to a depth of 2 em. under the dune pad. 

c. Oraaa ad3 aoent to the 4unc pad. 

D. Graaa root• .tJacent to tho dune pad. 
' 

B. Soil 2 em. deep adjacent to the d\iftl pad. fbe order 

ot collection vaa c, D, a, A, B. 

(3) Bote• were ;aacte 011 tba dq or eolleetlcm u tollova:

(a) Date the duag pad vaa placed in the veld and the elate 

apac1 .. na were collected. 

(b) lumber ot dqe ln the veld. 

(c) the dung vaa -.awed and eZ!'reaeed ea tbe maxi111111 and 

minimum di-tera on the lover surfz:.ce an4 the maxill\a 

belch\ ••I• 20 x 18 x 8 em. 
(4) The aa~Toundlq wgetat1on, height or rraaa, buah .. 

etc. vas noted. 

(e) SiDce deg beeUea otten removed manure to the uader-

171nc ao11 and dung and ao1l ooul4 not be aeperated, 1 t 

was inoluded 1n the specimen B. 

(t) Wbare horizontal or lateral oigratioa va.a being 1nYeat1-

pted craaa and. aoil turtheat 1'roal the dung pa4 vaa 

collected 1"1ra t, tolloved by apecimena nearer the 4ung Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 
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40. 

p8d. 

~ vertical nd.~aUon we• ltet.nc 1nveat1aated tbe to,. 
ot the sra•• wen out ott rtra\, thereafter at ftft.oua 

hei«hta above the ao11 surface to .-oUDd le.,.l. 

(a.) Arter tranater to the laborat017 apecillena verea• 

(a) Weicbe4, plaee4 in the Baerraann Apparatua using a teehr11• 

que a11111u to that a4YOCate4 'b.r Men.n1c (1930). H1a 

tecmique wu modified a• tollowaa• 

(1) Dung vaa broken into aaall plece• ~th a pestle 

aa.d mortu'J no apeeimen 111 arrr tunnel ••••clef SO 

sr••• 1n wlrhtt nor 414 the thtcknea• of dune 

exceed 2 em. Billllar re.-rka applied to humuat but 

aand vas not niched and the t~ckne•• ot •tertal 

Oftl7, vaa taken. into conalclera•toa. 

(2) Larre tunnel• with a 20 ca. dl-ter ven uaed 8lld 

~tOft cloth 1n place ot linen. 

(3) Graaa root.1 were e11t lnto small pieces and onl7 

30 IJ"US were plttnd 1D tmmel8. 

(b) Attar 24 houra in t~ furmela, 2' cc. of tluld vae 

w1tl¥iravn fl"om the bottom or the rutmel~ and lett tor 

2·3 hours to eettle 1n the oolleetlnc tubea. t'be euper

nat6nt fl\d.4 was then a1pbon..S ott aDd 2-3 cc. of the 

sed1MDt lett t• examination. 

(o) the •thode ot ezamS.naUoa of lanae baw al.J-e..s,- be• 

deaeribecl 1n tht pn'ftwa experiment. 

(') ?rnailing climatic candlt1cma. 

!he dail~ Yariat10NI in tbe ellJDatic eond1 tiona troa 

June, 1915, to Aucuat~ 1956) "" r~eorc:lea, • 

IXeEt.lMEifTAL QBS§fy.m;Olt§t-

A toW ot S8 aper11Hftt8 waa calTied out ov.r the period 

23/6/SS ~ 7/8/'}6 an4 dung pads were lett 1n tba veld tar perloa 

VUT1111 f1'0il 7-lOS dq•. 

~he r .. ulta or theM aper1JIIeDta are awaar1Md 1n table •o. 

U ln tbl ap~lx and vhlreYer retennee 1a made to expert•ntal 

nuabers, tbe reaul ts of the• experiments 'td.ll 'be found 1n thla 
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... ,. 
table, unleaa othervlse ..at1oned. 

(a) O.V.lopment ot larne to the 1ntect1 w atqe. 

'lbta haa been 20re t\11~ dealt with elaevbere (Y14e 

ar~Pa) but two 1aportant pointe as an adlletl4• to thoae eX])erl• 

IMftta were noted here. 

In the eu7.!ler mont he more lar..,.. reachell tbl 1nteet1 •• 

atage in 4UDC prot.eeted f!>Gm SUft by tht- aUPrOUftCI1ng wcetauon, 
thea tbOM U))08ed to tba direct eunllcht. 

Poor NC4W8J'1N ot larYae 11\ftJ'iably ooeurred froa 

4uq pa4a that had. been attacked b7 4vnc beetlea1 poaalb17 4u 

to the attecte ot 1ncre-d evaporation e1Y1ng r1ae to deaeleatloa 

aDil d•th of the pretnruetlw lv'hl atagea (Joe. 24-28, 30.33 aDI1 

3S). 

(b) the d1atr1but1on ot infective larYae 1n thl 4UDC pad. 

In •per1:menta described ela.wt:ere (vide aupra), lt wa 

shown that more lerYae ~•achld the infective atace in the depth 

ot the dung pad than in t'M crust. In 2S ftJ)erlmeftta tlw hard 

outer eJ"ust and the mo1eter, deeper la~rs were erwMd aeparat•17• 

In 22 or these experiMnta considerably !DOre larvae wer. recowre4 

trOll the depth than the crust, thus conf1r!l1rta the obMJryat10Jl8 

in the elmeP1118nts :prerioual7 de!:er1'bed. In t'hr .. euea however 

thl o:ppos1 te was tr\a (Jios. 12, $1 aDd ~5'). .l further experiment 

alao Jiel4ed 110re larfte 1n the cruat thul the depth llat 1ft thla 

cue a l~~rp proJ)O!'t101'1 or t!w depth v~ta 1noluded with tht orun 
(Wo. S8). J-'oat ot the apeolmen.a with i'TJOra lal'fte 1n the crut 

ve:re coUeote« 1n the winter. 

A tunblr aubd1v1•1on ot duns pea vu made 111 S experiaeata. 

7M eun va• exaJd.ned •• before and tbe centre port1m or depth 

divided into two la,.ra, ~:r and lower Ia7er. 

In. tour of the expertmenta the larae•t nuaber of larfte were 

:r-eeoftred 1n the upper lQ'er, i.e. tlw port101'l 1Y1DI jut llftder 

ttt. cruet. (lfoa. 17, 19, 38 and lt8) • In three ezpertmenta tbe 

lover lqer hacl !DOH larwe than the crat ("os. 171 38 ad 48) • 

but !n one e.ue the opr>O•lte vaa t!'UG (no. 19). 1'he latter vaa 

a:Pt1f1cal]Jr mo1stene4 by' having vater dripplng next to 1 t. 
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42. 
of 

In one ozperiment, ;noat 1 the lU'fte vera recovered b011 

the crust, le.. 1n the upper layer and l ... t 1n the lover lqu. 

In thta exper11D8ftt act1w wrtical migration l-.4 taken PlaoeJ the 

cruat vaa '"Ff aoft under the 1ntluen0. or heaYJ ra1Da (Wo. lt2). 

(e) MtcraUon of 1nteet1w larvae 17om the durc pada.· 

Larval m11HU.cm vu governed b)' ra1ntall. In tM ab

aenoe of rain or whee rainfall vaa WI'J 11m1ted no m1graU.oo 

ocourrad (Hoe. s, 12, 26, S2 and 56). Little or no m1arat1oa 

ooourred under the influence of 1'+ .o •· (0.5'S lnchu) ot ra1n 

v.h1eb had. bHft preoeect .. b7 a COIIp8J'at1w)7 cl17 apell (Joe. 22 and 

23). 

Larval m1&raUoD OOCNJ"reci vhlll 32 •• (1.26 1nche8) ot 
ra1n tell 1D tM t1r•t ~8 houra tollove4 by 6.S ma. (0.26 1nobea) 

on the tenth daJ when apeo1mca ware collected, (lo.29.). S1m11arl,J 

VMD ss.a -. (2.19 1nchu) tell em. tm aeoond cla;r followtld b7 

11.1 llllle (0.'+.3 incbea) i:rola the ei&hth to the eleventh cla7 when 

apeo1meae were collected, larnl ld.&rat1cm vaa tOWid to lw..,. 

ocourre4 (Ho.4 3). 

In tl.eae tvo GPe!'l•nu moat ot the larfte migrated to 

the ao11, but so• WJ"t1cal :n1crat1on on graaa blad• &lao occurred. 

ln. an experiment conducted over 7 daya vbare 19 -. (0.7S 1ncbla) 

tell on t~ tU'h dq the raiD caUIIed 111&rat1on, moat m1&rat10D 

beiDI to tbl ao11 under the 4UDC pacl (Jio.39>. 

Haadn ad.arsUon oocu.rrecl £~ 11m1 ted per1oda 1n Dec_. 

beJ"t Jebruu7 and Mareh. Well d1at1"1buted haav raina ocourred 

duriD& thMe par1cxta. In all cue• z-a1n tell oa one, tvo or three 

clqa in tbll t1J'st 8 da¥• the dUD& waa 1n tbl veld. l1l one ot thlae 

ex{lel"ii:Wita conducted over 8 dqa rain tell on the 5th, 6th an4 

8th ~· a total of 116.0 •• (1+.6 incnea) be1nc recorded, and 83~ 

of al.l tt.. 1~• recovered wre fJ'OIIl tbl ll"U•• In add1t1on hOJ"i

zontal lll&ratlon ot ovv 50 em. fJooll t• ectp ot the pad bad 

ooourrau to the crua and aoil (Mo.42). In another a. experlllellta 

where ratn. w.re vell diatribQted, the totala varytnc from aa little 

aa a.o.'+ •• (1.$9 1nche8) to •• much as 127.7 •• (S.01+ 1nchaa) 

ewer thl whole t'eriod the exper1Mnts vere oonduoted, 1AH.S.ve lar

val 1111crat1on had occurred, aad a.u - 90• ot all larvae nco'ftr&ct 

I 
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4:5. 

vve on tbl graaa (Noa. 30, 41, 4lt aD4 s.s.> 
All exper1ft!4!nt whish ran tor 9 d.qa, where tt. ra1Jltall 

reCOJ'ded tr011 the ltth to the 6th daJ w .. 26.0 na. (1.02 incbH) 

followed 'b,y 25 .s lll'r. (1.01 1nche•) on the 9th 481 414 not oauae 

liON t,_, 17} of all the lsrv .. to mtuate. Jloveftr, a fw larfte 

we?e reeowred tr011 the cr••• and ao11 80 em. rro. the dung pad 

(Wo. ~6). 

Larwae wen reCOYeNd trollgrua 20 •• abow tbe ao11 

surtaoe tn an experiment vhS.ch ran tor ~1 d aya. All the ra1a.fallt 

a tot.al ot 112.0 •• (6. ?8 1nchea) tell 1n the t1r&t 21• daf•t 

then being DO rain recorded durtnr tbe last 17 daya ot the npert • 

._, (lo.a.9). 

(4) MScraUon ot 1~ apeel••• 

!be reaul t.s or apae1es m1 gra\t.on a" 

Bo.7. 

Z AfU,§ nG. ?a Percentace of apGJ"imenta 1n vt.S.cb 
tana1 ;tqetiop gssu:m-

• • 
I 
I 

I. 

' t 
I 
I 

• • • 
I 
l 

Speclea 
Site ot LarYal M1(!at1on • 

I • I 
E. I c. I D. I 

I I I 
t I ' Cooperia app. S3.S% • a.o.3$ • 27.6. I 
I • I 

H. placet. 32.71- I 2S.9~ • 20.1) • • I • · o. radlatwo. 2;.9$ • 17.2$ • 12.U • I • • I 
.a. ~hlebQtODNil. I 12.1) I - I - I 

I I I I 

Be Soil UDder the ctunc pad. 

c. Graaa adJacent to the dune pad. 

D • Grua rocu adJacent to tlw dunc pad • 

.I • Bo11 adjacent to the dUill pad. 

Cpp;gtj,a 1pJ21. 

I. 

43.1$ 

21+.U 

27.6~ 

;.2~ 

I 
I 
i 
J 

I 
I 
I 
I 
I 
I 

• • t 

' 

l'r~se species 1vere the moat active mcrators troa the dana \Wlder 

extreiiiU or heat, cold P.nd drOU!bti.They were the aoat fHquentl7 
:-eeoYere4 larne ot all apeeles dealt v1 th and ';efe reoov.-ed 80 om. 

in the eo11, ?0 e~~~. on the grua, tram the edce ot the dune pad 

(8o.46) and m1grattd over 20 em. vert1call7 on craaa (Wc.49 rable 
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All can be •een in table lo.? this apeeiea vas not as act1 •• 

a migrator aa CQQparia •PR• When cood ra1na tell tL1a apeclea 

vas particularly prominent but waa also found to ha't'e migrated 

under leas favourable conditions. Hor1zontall.7 it vaa re~overe4 

from p-aaa 80 ea. and tr011 soil 70 em. tr011 the eel .. or tha dun& 

pad (lo. 46). It migrated Yertically oYer 20 em. on 1raaa (No.~9). 

Qeaopbago•Somuw rediatupp 

This t:peciea did not migrate aa trequentl)r •• the a~iea 

mentioned earlier but waa recovered more frequentlY than ~plaet1 

trom the ao11 next to tbl ·~ pad (fable lo. 7). Hove..r, tt 

onl.7 ad.~ated horizontalq 30 em. in soil (.lo.ltl) but vaa recowre4 

f'rom p-ua 50 em. troa the eclge or the dung pad (loa. ltl and 42). 

YerticallJ th11. spec1ea only rd.gratecl up to S ca. on craaa (Ro•• 

35 and lt-3). 

it•mp!J:.pmyp Qh11bgtWRUiAI 

Thia sp.cies waa not really c acttYe migrator from dUlll and 

waa only reco't'ere4 in t~ ao11, more Frequently beneath, and leaa 

so adjacent to the dunt pad. (Table Mo. 7). The larYae although 

reeo't'ered from the ao11 adjacent to the dung pad vere oontined to 

the soil right next to the dun1 pad (los. 30, 33 and \2). Th1• 

apeeles vas neYer recovered from rrasa or rrasa roots. 

(e) 'fbi role or inaeets 1n larval td.grat1on. 

UDder field conditions coprophagous beetles, termites, 

ants, etc., frequently attacked d~ pads and remOYed the taeoee 

to the Ullder}71ng and. adjacent soil. These amall pieces ot MDure 

could not be separated trom ao11 speo1Jt«l8. It 1a teaaable that 

1nfect1't'8 larYae deftloped in these ..all pteoea ot dung. W•re 

clUill beetles bad been active, aoil beDeath the dune yielded 1nteo

t1Ye larYM vhen climatic conditions wre untawourable tor ad.p-a

tlon (Mo'•• 13, 18, 21t, 48 ancl S7), aa well •• in the lldjacent 

soil (Noa. 16 and S?). There vae posa1bl7 enough ao1ature, eYeD 

vhen adnute quant1t1ea of rain fell to atiaulate l&rYal Dd.cratlon 

from tb8 underl.711'11 aoil conta1n1nc th1s 112a11ure, to account tor 

thl reca.erlea of larvae on grass under extremelJ unfavourable 
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45. 

conditions (Roa. 10, 11 an4 18). UDder al11ttl7 .on favourable 

cond.1t1ona ot rainfall tt:tr larval migration, it waa dU"ftoult to 

•••••• vbethlr ra1nt&ll, or beetlea, or both wen reapond.bla for 

mlp-aUCD (!loa. 20, 27, 281 33 an4 3S). 

(t) The aurYlftl o~ 1ntect1Ye lanae. 

!be maxiiiNII nuaber ot d8fa larfae •un1.M4 atter 1Dt'e .... 

ted dUDC •• placo4 1n thl nld 1• aUJZ~D~~aiaed in table Ko.a. 
fdM?fltlf •PP• were the moat :resistant la.l"fte HIU'dlas 

of the a1 te ot larftl reCOYeJT, follow_, b7 H, pJ,•ct1, o .rasJl•'tJP 

aD4 A,phlsbgtlJIUI. 1ft that order. It vas interesting to note the 

a1m11ar1ty batveen fi.p1ac;el and p,rac.Uattp ln the 118Z1mUII aurYlval 

nt.a on grua, and the lonpr period o,racUatum sm-Yift4 on graaa 

roota compared with a,p1asu. 
tABLE IO,§t t.faxlmum number ot 4aJa 1ntect1n larfte vere 

rtqpJ1tl4 at\«r tJPtrtmenta 'CfiiP'tde 

I t 
I Specie a Site of Larval F ecoveey. 
l • ! t II f t I 
a • • 8 • c I D I • I ' I • I ' 
I • ~C$ I ' I 

• CMpqt& .J ''"i• ' 105 : 93 • lt1t I lOS • 
I I I • I 
1 H. plru:at 1 lOS loa.. I '"1 • 28 I 1~ • 
I I • I 1 
I le l:id.llliYm· ' 105 lt2 I ltl I 84 : 6? 
a s t I I 
I L gt.J.•Itg li{:Iilldlil , ~ 25 I - I - • 25 
l I I I I 

A. • Dung pad. 

! •• Sc11 under dung pad. 

c •• Grasa adjacent to dun& pall. 

D. • Graaa roots a43acent to dung pad. 

•• • 8o11 adjacent to dung pad • 

• • Dqa • 

• • I 

• 
I • • • I 
I 
I 
I 

• I 

tablaa loa. 7 aDCl 8 were compared and 1 t vu noted that 1111-

p-ation and surYival followed eaaent1ally the aame pattern, vttb 

parC. In tb1a connectton the t:requeney or larval Dd.grat1on wu 

more impOr\ant than actual surnval rat• in 1s('llated caaea. 

Poor recover)' rates ot larne occurred vhon experimeta ran 

over lang perioc:la (fios. 9t 16, 21, 32 and ')7) except 1n tvo expert-Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 
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46. 

•ental 1n one the dung :u.sa waa !alrl.7 1ar1• and rainfall vas well 

diatributedJ the other vas conducted in autumn and winter under 

colcter cond1t1oaa (dos. 38 and ;,8). 

Apart fl"'m the two except1orur aent1ooed, lu-fta wre reconre4 

1D large nlM."'lbera only vhen the exp~rheatal pel"io4 41d not exceed 

~ daqe (Nos. 1L, 11-20, 23, 29, 36, 4o, 42-L.tt, 46-48 and ~). A 

tair number ot larvae were recovered ln tw exper!l"!!enu wl"J.ch J"&n 

over a.o and 41 dqa (Nos. 22 and 1t9 reapectiv•lJ). 

In aper1•nts descr1 bed elaevhen (ride aupra), t:t. d.nlA\D 

period 1n vhlch 1nteet1Ye larYBe developed 1n dung padc vaa five 

dqs. 'rM- r~aulta or than experiment• 1n<i:t.cate 1ood reca.eri~• 

ot 1nfect1w larvae 'UP to the 2li th day i.e. ~ter 1nt•ct1ve larYae 

ha4 been preaen t tor a naaxtmwa period or 19 day a. Thereafter tbl 

mortal! t7 rate inert aaed sharply and larvae were rarely recovered 

1ft large nUNbera atter the 25th daft exee~t 1n isolated dUftC pads, 

or in a~:all nUIIbera where migration had occ•.ll'"red. 

(«) J-:1:-{ratio!!. of 1ntect1YG larvae to ;rrass. 

Distribution ot rainfall has already been aent1oned as 

nn 1mpcrtant !:;.ctor 1n l<.i.I"val tt1r.rnt1on. J.s flve daya 1s the mill!• 

•• period roc:uirod for 1n.t'ect1va lLrne to c'4velop to the 1ntect1Ye 

atace, rai.n.r&ll in this peJ·.:.cd wculd asa1st lnrval ~ev.lopmeat 

to tha 1n1'ect1 ve atage 'Uld thereafter aasiat lar'Ya 1 idgr•1t1on. 

In !able No.9, four experiments whftre larval m1grat1on 

to the rraa• ocevred &ra COln!'ared. Hea'9Y rainf'all pllPtieularl7 

after the t1tth day explained the excellent 711~-ration in Exper1•nt 

No.lt2. Althoucb the actual total •ount at l'"aintall for the per1o4 

vaa leas 1n No. 44, than in e1 ther lo.29 or lt6, a hi«hBr percetare 

of larft& Jdp-atecl 1n thl former when compared v1 th the latter a-

Appar•ntly the raJntall that tell attor tho fifth da7 
aceounted ror better ~~ration of lerwae to~e ~rasa, althcuah 

in th1a perlol only 10.2 •· (O.ltO 1nchea) more wu recorded ln Mo. 

4-4, than Jlo. lt-6. It vu 1ntereat1n( to note that a• UtUe aa 

6.5 !E. (0.26 inchee) in No. 29 after the fifth d87t vas probably 

ros:JOn:rible tor r~1grat1on of 10 neJ1cant ot t~ infective larfte 

~o craaa. 
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Distribution and a:noant or rainfall required 
tor qgppl 1orpl, IIR•Sigp tq M''· 

• I I 
I • Up to S cla7• t Attar S dqa I LP.Jtfte on Craea t 
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In experiment• where hOrizontal ccrat10ft w.a Huured 

the largest peroentace ot larYae •n recovered vithln 10.1~ ea; • 

from the edge or the dUll& pacl (loa. 41, 112, 44, 4,.-1•7). It vaa 

a~o noted. tnat the larceat proporUon ot larne wre recovered 

at httight. of 1 ... tLan 10 em:. and uecreued in numbera the higher 

the cr••• vaa ou\ ott trom tbl ao11 aurtace (Mos. ltl, ltl., '+S1 a.1 
and 49). whenaa in one e.xperl .. nt ~Oir ot the lerrae vere nco,.._ 

e4 Nlov 10 cr.:. and a t~ lther 28$ between 10 an4 20 em., onl7 22~ 

vee found in ~ 20 em. up>IVda (Ro. lt9). i41Crat1on on 

graaa waa woat marked w~re the arau waa thtek aD4 formed a ••t•. 
(b) mva111ftl ellmatlc cm41t1ona. 

the climatic cond1 tiona preft111ng during tbl eXperimen

tal p.-1od (2W6/5S • 7/8/~6) are a!:ovn in Fig. No. 1. rhe liOI'lthly 

r&iD!all 1• 1Dcluded :tn 'fable lo. 10, an4 1n fable •o. II relevant 

oliaaUc 4ata tor the period eaeh nper1!D8Dt ran are alao s~ 

It will be noted that during the exper1118ntal period 11 ttle 

or no rain tell except tor 3 111011tha in December~ 19$5', l'ebrtlar7 and 

March 19%, when rainfall• vere good. Marked diurnal te::pernture 

variations occurred. In Jul7 tbe •an minimWil vaa O.)Oc (32.SCIJ') 

and the mean ma-.toua 20.~c. (69.~'). In ..T&n/.uaey the mean mini• 

mUll vas 15.90C (60.6~) and the mean JlexiiiUID 31.60c (88.80p .) Mean 

rdative lmmidity varied hom 31.).1" in September to 70.4~ 1n He.roh. Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 
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'fAltLI 10.1ga M011thl7 F.aintall at Armoeclavlakte traa Jul71 .. · uJ5 aa lPMa ~~z • 

• a • • I • lhtaber of • Total la1ntall. I 
I t da7• rain I 
I MOM I h. • fell. • • • • I I -· t inc he a : 
I - I I I •• I • I ' t 
I JulJ, 19S5. • 0 I 0 0 • I August. I 0 I ! 0 0 • I Septei&Nr. I 1 I 0.2 o.o1 I 
I October. • 6 I 16., 0.7 : 
• IIOY•ber• • 6 I ~o. 1.6 • : J)eaember. I 10 • 12,.9 ;.o a 
l J&nuaJ7t 1956 I ; • ? .3 l.S • • Fe1:1ruary. I I l.-O•i ;.s I • 
• March. • lS • l?S. 6.9 • J April. I 0 • 0 0 • • Mq. • ' • 9 ... t o.4 • I .ZIIIala I 2. I Q I ~ ' • • t 2 I 
I 'l'O!AL. 1 S9 • 9+8.6 • 21.61 I 

I I I I I • ' I t I 
I Jul;r, 19~ t 0 I 0 • 0 • • August. • 0 I 0 I 0 t 
I S.pter.-.bel". I 3 I ~=~ I o.;J • I October. s 6 I I 0.72 • • iovember. I 2 I u.z I o.t..s I 
I .oeeem~» .... • u I 67. I 2.66 t 
I JanUU'l't 19S7 a 7 l 82.'1 I 3.26 • • Fe br\MlrY. : 7 t 29.9 I 1.18 • • Hare h. • 10 I 1+7.7 I 1.88 I 
I April. t l : l+l.C ' 1.61 • I Mq. I • lC.O • 0.39 • I ihM• • 2 .a. Z3aQ ' 12.iJ. I .:. • • • • • • I • I :rmAL. I S7 a 34t..9 • 13.59 r 

Gefte:r-all;r speaking the rP-aul ta or these exper1menta were d1e

appo1nt1ng. No lr-~rvae wore recovered 1n 12%, lesa thml a hulldre4 

in 35~ and between a ~red and a t'houaand 1n 19~ ot the ezperi

aenta reapect1ve]J. Only in 34" ot t'he experi'Wftta ware mo~ thaft 

one thousand larvae ,.ecovered, ot vt1ch 2h" had one to ten thousandt 

and 10$ mare than ten t}~~nd larYae reepective17• The poor re

aulta wre nrobabl)" due to adftrae ol1~t1e eond1t1on.a1 the aur~OWP 

dins habitat, survival ot lsrvae and seoondaJT ea'W!ea (e.g. d~ 

beeUe aoUYitles). 

It haa bee a hown 1n experiments de :;cr1 bed elllevhere that ~ 

larvae rf!aoh the 1ntect1w •tage 1n ~~ cold winter :aontha at tem

perature Yary'ifl! from a •an ~n1111UD! or 2 .6°C (36.7'T) to a aaeen 
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muimum ot 22.~ (72.9CT). Whell te.aperatu:rea in apr!Dg wre 

adequate tor batch1nc and larYal development, drytq &Dd deas1ca• 

tion due io naporation caused death particularly or the pre1ntec

t1ve larvae. Sillilar reaulta were obtained in aWIIDer when no rain 

tell dur1nc the f1rat 6-7 dqa dune pada vaa placed 1n the field. 

The neaat1Ye an4 poor reaulu in aprlng and in hot dry perioda 1n 

aWIB8r were probably due to death by deaa1cat1on ot preiftt'ectlve 

larYae. thta haa bem the experience ot 1DaD7 other wrkea vi th 

d1tterent apeoiea or atrOilQ'lo1d voru (lian.oa 1906J YecUa 191~1 

Theiler a Robertaon 19lSJ Schwartz 19~1 MOnnll 1930J Ortlepp 

1937; Crofton 1~8 (b)J D1nn1k a D1nn1k 19~51 etc.). 

It was noticed that dun& vhtch had no pt'"Ctection trOll 

the aun duriq the d-:y 1••• veey poor reaul ta. Partial and 4•p 

a.hacle yielded 110re larvae under airnilaJ" cond1 tiona. t'hla vas pro

bably due to the temperatur• caua1nc hl«her ratea ot evaporation 

in expoaed dun« pa4a. D1nn1k and D1nn1k (19~·S> vorkln& vith 

oougpshU§ cpntortus toWld al11ilar reaulta in the dry aeaaon. In 

winter in one experiment however larae auabera or larYae were 

recovered trom a ciuag pad exposed to the aun (lo.S3) aid onl7 one 

lLrYae recovered trora clWII lylnc in tlw abaete (lo.S2). In these 

cold conditions ex~oaure facilitated developaent vhereaa shade 

rekr4ed develo})Mnt, due probabl7 to r.S.ghel' temperatures in the 

1'or~aer ud.atinc development to tl.e 1ntect1ve ata1e, vhereaa the 

teaperatUJ'ea in the shade were too low to allow the preinfecttve 

atacea to reaoh the 1nfect19e stage. 

Poor recovery ratea were recorded when exper1menta 

ran tor lang per1oda, ~1th one major exception, the last experiment 

condueted oYer 10~ dqa tJaom April to Awuat (lo. 5'8). In thia 

experiment lrrne deYelope4 to the 1nteet1w ata&e 1D autUilll1 i.e. 

thll7 suni'ftd thl vhole winter, pract1ca117 all bein& eont1ned to 

the dung pad. !he lite expectation ot larYae 1n ott.r ex~eri~enta 

throUghout the year appeared to decreaae aharp}7 after the twenty

fourth day ot expo•ure to field con41 t1ons. TI"J.s obaerwat1on vaa 

ot importance in that it indicated hov long hea-.y infestation cou1d 

remain in a paat'LLJ"e, and would have to be taken into account in tt. 

prop~laxia or vermtnoaia by paature management. 
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Duag beetlea are undoubtedly thl ally ot the cattle 

rancher 1n the control or verll1noa1a. W~eftr theM bMtle• 

bad been active larval reeover1ea troa dUftl pads were ver.y poor, 

due doubUeaa to the aeration or dune, aaa1at1nc eYaporat1oa allll 

aecelerating \~ aeas1cat1on and death ot pre1nfect1.- and 1nfee• 

t1n lcrfte. BJ the mechanical reaoval ot dune particularly trom 

tbl lower surrace to the underl71DI an4 al•o adJacent •oi11 theae 

beetlea probably aceounted tor tha large nuaber of exper1 .. nta 

in which larne were present 1n the ao111 particularly underneath, 

but alae next to the 4l!QC pad. It vaa a feature of thlae ~r1• 

met'lta that vhlrewr dung pada were bolloved out b7 beetlea, larYae 

were recovered f!'Oil tha ao11 beneath tbe dung. l>uDI pada protected 

fJ>om beetlea did not ahov th1a -phenomonen to tlw same extent, un-

1••• rainfall had been preaent. It 1• •ucreatecl that beetle 

aet1 Vi ty waa the ••1ft reaaon vtry lnnae were recovered trOll ao11, 

ancl not tlw lllicra toey habl ta and poa1 t1Ye hel1otrop1am or the 

larvae aa aucceated by M&m11 (1931). In rnoet euea Mannie found 

110re larvae 1n the ao11 next to rather than underneath thl dune 
pact. !h1a obaenation vas not eonftraed ln u..oat oaaea in the 

experiments deacr1bed above, ln tact the reverse vaa obaerved. 

Prom tblt obaerYatlona. that larne could be reeoYved 

trOll soil underneath and adJao-nt to d\llll J)al4a, lt appeared reaao

nable to u•~ae that a tev would be tound near thl baa• ot graaa 

tutta •. thle aa actl•ll1' the aaae. Vttrly little rain would the 

be neoeaaU7 to at1DIIIlate larvae ~ zd.grate oa to craaa, u aholm 

1n certain .xper1menta (Noa. 101 11 and 18). 

ID the dune pad 1 taelf .,.t ao1atwe 1• l'ttta1ned 1n 

tha ao-ealled depth ot tt. dUftC pad, and .ore lar•• were reeo..-r

ed 1n tha depth than elaevhere. This vaa poadbly due to either 

death or pre1nteetlw lar'fte ln the dtte1" eruat or m1srat1on ot 
tbeee larYae to the 1101ater· · and deeper lqer. 

JU.~atlon ot lanae 1n tbl 4UDI pada vaa hovewr 1n

tereatina. Only 1n one uper1•nt vas it noticed that aeUft 

YerUeal. mS.paUon vaa takiftc place 1n the clune pad, vhere rain

tall had been Yery hea'W)' indeed and the crua\ ot the dune pada vu 

aottened tlwreb7 (lo.lt2). In moat or the caHa vlwre act1Ye 
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•1uat1on occurred under the influence or rainf'all larvae ver. 

recovered lA lara• nWIIbeH 1n the soil, l)art1cularl7 laeneatb the 

chm& pad. Poaaibly the hard crust ot the d'Gftl dld not allow 

puaace ot 1nteot1" larvae tr011 the depth but ainoe tba ao11 SUJ'Ie 

tace lqera vere softer ttw:r eould •-pe to the poW¥1. This 

IDip-aUGD d1d not lncluct. the erteeta ot d\IDI beeUea1 since 1t 

vaa preaeDt ewn when dQDC beetle aet1 v.lt7 W been excluded. In 

one ezperlment vh1cb ran owr aeftn 4qa and 19.0 •• or rain vae 

recorded ca the t1fth dq1 onl7 d0Wllf8rd mlcrat1on occurred (lo.39)~ 
. 

In another t.vo ezper1menb a rainfall renp of 11.1 - 19.0 am.t 
atter the filth dQ cauaecl ~~Mt ot the 1nteet1Ye lanae to m11rate 

to the ao11 beneath tbl dun£ pa4 (Boa. 38 and 40). With al1cht]¥ 

h1cher rainfall 1arne were alao raeovered fro. the araaa but the 

lart•r percen.taae of mlarated lanae wre at111 found 1n the aoU 

under tbl dune pa4. It appeared therefore that a rainfall rllft&• 

or 11-19 -.. (O.ltJ • 0.71 1nc~a) at1aulatea downwaN nd.ll"&t1cm ot 

18J"YH lnto 'be ao1lJ some 1arne, hoVewr, wen fOlald on ad3aeent 

graaa1 · earad larval mlll"atlon to the 1rua w.a onl7 note4 vherl 

heaYier aDd wll d1atJ"ibuted ra1na tell • 

.l a1cnif1eant obaervat1on vu that even hea'Y7 dft8 1n the 

abaence ot rain failed to cau• larYal Jdcratica. to tbl gra••t 

al thoqh 0.3 per cent of the larvae ware found uadeJ" the dtme pad 

(lo. lt8). t'hia 1• not 1n acnereent w1 th tbe Yleva of Auatrallan 

worker• vhD atatee that !WaY)' dew voul4 aaa1at llil!'at1on from dune 
& 

pad.a (Rlek, ~oberta; 0' &ll.l1 Ya.n 19S3). :JCNever·, once l.Jinae bad lid• 

crated trcm duac pada dw would un4oubtedl.J aaelat turtlwr mtgra-

Ot great practical importa.Dee is the amount and d1atr!

but1on of rainfall neeeaaa17 tor algnU1cant larval ;dpat1on to 

occur to tha graaa. !he amount ot rainfall neceaa8J7, tor a1p1t1-

cant lanal m1crat1on was trc. 4o.t. mm. upvarda. Ot c-reater all• 

n1t1canoe J:C*ever waa the d1atr1 button of rainfall. It hU already 

b•n ahovn that ra1n1"all dur1na the tlrat S-6 dqa aaaiated larval 

development. Once 1n1ect1ft larYae wn preaent further rainfall 

would aaaiat ln larval Dd.gration. i'bl important rainfall for la.J"o-. 

val lld.grat10D VO\lld thus occur alter the fifth dQ'. Thla point 1 
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ahovn 1n table Wo.9. A rainfall range of 6.S -. to 26.7 •· 

attar tl• fifth d.q cauaed only 10$ or the lame to mtrJ"ate to 

,rua1 vlwr_. 36.9 •• falling .rter the fifth dq cauaed the 

:d.crat101l ot lt5J or larvae to the graaa, 1 •••• •r• 10.2 -· t4 

extra rain falling vheft 1nteot1ve lArYBe were treelJ aYn1lable 

1ncre&Hd larftl llicraU.on to 1he ll'da bJ 3S$. 

Accord1ns to Rogers (191+0) licht 1ntena1 t1es ~ 62 t .c. 

han bee alxMl to be opt1•1 t~ larwal aot1 'Y1 t7. Theae 1ntenal

t1ea extat under Enallah ecnd1 tiOJ'la t:rom halt 1M)' cknm the £1'88• 

to \lw baM depeDC11J'll on the brightneaa ot thl dq (Crottoa 19't8a). 

L1&ht 1ntena1t1ea at AftiO&dnlakte during s~r apart 11'011 cloud7 

4Qa vhieh wre rare, were probably hleh 4• to the tact that grua 

tufts were eoat tered. ConsequeDtty apeci•n.a ven collected from 

dawn to 7 a ... v: 1ch aecordlnl to Rocers Cl940) would be nearl7 

optimal.. Hovner Cl"'tton (1~9) round 110re larvae on sraaa frc. 

12 noon to S P••• thaD. ln tbe early ~:.orn1nc when dew vaa present. 

He atreaaecl tha tact that :n11raUon of lana. vaa 1mpoaa1ble belov 

l0°C <So0F) and it waa fallaetoua to UINM that moisture 01117 

would control larval actinty. In tbe at.IIIIDHtl" montha at Antoeda

vlakte rd.Diana daily temperatUl"ea were uaual]J' 1n ezceaa ot 120c 

(;].60,.) and aa r:.S.ch aa 20°C (68°F) ao that teapeJ"atur• at davn 

ve:re adequate tor lanal m1crat1on. Apparent17 ill &leland thla 1• 

not tha o .... 

fhe y•rUta1 d1atri.buUon ot larvae on ara•• pnerall7 

tollov.d the experience ot other vorkera who tound IIOSt ot tM 

lanae •• thl baH 1.e. lover 2-3 1nct.a ot graaa. (Ta)rlOI" 1938, 

CrottoD. 19lt8a). In t-.a experi•nta more larfte were reoOYered 

in the lover S.lO em. ot graaa than hlabar up al'houlh a few lU'Yae 

wen to\Dl Sn ODe cue to taw misrated •• mueh aa 20 •• wrU• 

oall.J'. the awr.ber ot lanae reoovere4 troa sras• appeared to be 

greater vhlre tha graaa vaa thicker. Th18 qreed with Kau.al•• 

(191+1) obaervat1cn. On the other haD4 where optlul lanal ad.gra

t1on vaa takina place in n-.. of theM expeJ"1~~eta (Jfoa. 30, 1t1, 

421 4a. and ItS) It).) - ~ ot a'Rilable larwe wre reeowred .tr._ 

the graaa. fhta percentace 1• :maeb h1&her thaD. the 1~ ob•nect 

b7 huaal. 
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!he f»ri!QQkl d1atr1 butlon or lame on graN allowd 

that 12-lOOJ of tlw lanae were reeovved wit~ 15 ea. ot the 

dUftl ped. the nulabera or larYM 4eereased raP1dl7t u tt. 41e\ance 

troa the dUftl pad 1ncreaaed. The mazt.mu. hor1aontt&l 111crat1on Clll 

tbl craa• ot 11. plagt,1 vaa over 80 011: • vhere&a CggpoQa •PP• ven 

only tOWIIl up k 70 em • troa the duDe pad 1.e. within a racUue 

ot 89 aDd '19 ca. reapect1wl)r ti'OII the centre ot the 4wll pa4 

(Ho. t.6). 

ln tbla particular aper1•nt tbl araaa vd talrlJ dena. 

but 41cl not tor• a cmt1nuowa th1ek maaa around the dUDI ~. 

Mo•' of th1a mteratlon vaa 1Dtlll8noed b7 rainfall ot 25.S m:n. 

(1.0 1ncllea) vhloh fell 'the laat 2't hoara beton the apee1aaena wre 

oollected. Thia flJIJ7 po..S.bl.y t.w caueed a 11 ttle tlOOdln& aad 

aaa1ated 1D d1a .. ll1nat1ng tba lel'Yae owr a lara• area. 

!he beha'Yiow ot tha Yariou apee1ea ot lanae cUttered 1n 

eerWn t.portant aapeeu. 

~QOperfa 'RP• 

1'heae 1.arYu were tbe 110at drmJ~ht realatant, lived 

loacer und«!' •arlou. eltcatlc cond1t1ou 1n the 4uag, ao11, arua 

and arua roota an4 migrated acl aun1Y8Cl vhell zto otbeJ' apectea 

vaa fow¥1. !hia obaerY&Uoa cont1ru vork done ln Auavalla 

(Roberta, R1ek and 0 1 8ulliYBD 19S2). 81Doe at.oat a pure Cpoperif 

pagtipato 1Dtestat1CI'l vaa preset it wan be ataW that thla 

apeeiea oan v1th8\&Dd cold better than H. plac;ll• 

Although not aa reaia tan' to dl-ought u the predoua 

apee1N 1t vaa recowred tJIOID crus in small nwabera Ullde ft!7 

1Ulf avourable clrcumatanoea. 

In comparison vi th Cgopgr,1a •PR• 1 t suntwd aa 1001 

in dung allll ao111 al\r.ough not u trequent)7, but 41ed ott liON 

rapldlJ' ln the craaa and graaa roota lll&D Coopor,ia sp;. did. lilwn 

con41 tiona wre optimal tor larval m1aratlon 1 t vaa howewr liON 

prominent than the former epeciu. 

QMPPbaaMWutp ta41at •• 

Both th1a apeel•• and .V•nblabotvmum we" tor unavo14a-
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54. 

ble reaaona not •••11able 1n1 tlallT ln lnfeated dllftl to the same 

extent aa the tirat two apec1 .. r.Antloned. It vou14 be viae there

fore to treat the reaulta or t~ beba'f':f.our of the 1nteett1ft lanae 

of theM latter two a)>«t1u v.l th r••~""'• 

It vu fOWid that p.rwU•• 414 not lligrate u rea4117 

as either fjiggooria 'PI• f/1# LpltA.& but vu recownd .ore tre

quentl.T thu tbl latMr rroaa thl ao11 ..SJacera.t to tbl d\11111 ,_., 

but leaa rr.q..,tJ.7 elaevr.:ere. It auni'NCI lonpr on craaa roota 

thaD lb il''"lt the - lencth ot ts..- OD graaa aDd 4\lnl but 

abc.-ter pe:rlocla in the ao11. 

tbla apeo1ea -· the lll:Oit ••nat U•• to adwrM cu .. ue 
con41 'lana. It ne1 tlwr 11Yed aa lODI nor d&ra'ed to 8D7 appre

ciable extet wMil eompuecl v1th the otbllr apee1 ... Iu maxi

aur'WS.Yal rate troa the U• dune waa plaeecl lJl the veld vu 21. ctqa 

1n the 4UDI pad aDd 25 ~87• 1n the aoil. It waa NCO"Nied on a 

tev occaalou froiD the eo11 beneath the dune pa4 and on1)t J"ar~ 

1a the aotl Mxt to the 4u!11. l t did not mtcrate to tbl era as, all 

o'baerYatlca alao ude b7 Sprent (l,a.6b) vbo atat:H that t,_,. n

mained in the dune. He d14 not Mlltlea whether they ate rated to 

ao11. H1a f1r8t ob .. FYatlOD vaa cont1r.ed b.1 tbeae o'-erYationa 

but altllOlllb more frequent ill ttuaa, lame vv• alae reoowerect 

froa the aoll 1* the .. exper1menta. 

Autrallan vorkera haYe atawa that l!·Rh1•btS:·- will 

not aunlw in areaa with an •••race annual rainfall ot 1••• thaD 

21+ to 25 lnohea (R1ek et al 19S3). This obael"Wat1ora vaa not eon

t1r.ecl. O.er a 14 110nth period 1n then exper1•a.ta 21.6 1nchea 

of raiD. tell. This apeoi .. vu recowred 1n 25 .8~ ot the expert

manta from Ootober to Hay 1nelua1 "' in which per1o4 .anth17 rain

fall varied troa nil \o 6.9 1nchea. 

Btudiea vere earned out on the act! Y1 'J and aunt ftl 

ot 1ntect1ve larYae or Goeptr!a '2»•t H.o1tglit Qarodi•tll an4 

B.phlabo• Pt UDder t1el4 cond1t1ona. The follo'Wina obsenatlona 

were .act••-
Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



55. 

( 1) FUt7-el1ht opert.-nta were earr1e4 out owr a period ot 
to~teen montba. Elenn or theae mantha ha4 little or no 

rain. Tbree monthl had mcmth17 raint&lla Yai71DI tJoa. 127.9-

175.6 ... (~.9 1nchea). 

(2) ODl7 th1J't7-toUl" w S'P' ot erperl•nu aaw aaUataotorJ' 

resulta. In moat caaea theae uper11181'lb wen carr1ed out 

1n aua.er in periods when rainfall vu adequate, dune pllda 

wre placed in aroaa partlr;.llJ' or vhOlq protec~ trc. tbl 

a-, tbe exper1Mntal per1o4a wre abOrt aDd duar beetle 

act1v1t7 excluded.. 

(J) SJxV-a1x »(If set ot expu-1menta &an unaat1ataot017 re1ulta 

due to one or more ot tbl tollowS.Dc tactOJ"a. 

(a) Adftrae cl1mat.1e coDCl1t1ou. 

(b) Oftr-expoaUN to aunlSiht. 

( o) .Loll& term expert.ental per1oda. 

(4) Dun& beetle acUnt)'. 

(4) Lar•e wre unal.l7 reeowred 1D dla'\1 pacta ill Cftater aumbera 

1D tht depth, vhioh lq betvem tbl outer eJ"USt and croun11 

aurtaee lqera, than either the erwtt ar aroum a~ac• 
lqera. 

( S> Migration trom dt.m& vaa 1ntluenoed bJ rainfall aa tollove. 

(a) Uadv the 1n.tluenoe of llt.o -. (O.SS 1ncbla). ot rain. 

atter a fairly dZ7 period larYae failed to migrate. 

(1») When rainfall oocurre4 1n tha rtrat five daTa cl\1DI vaa 

1D the t1eld a raintall raaae ot 11•19 -. (0.43-0.17 

1nohea) thereafter at1aulated m1craUcm ol larvae ma1nlJ' 
to the 8011. 

(c) In exper1-.lta vrJ.ch ran fRe per1oda or 9-12 dqa and 

ra1ntall hlld been recrorded 1n the £1rat five dqa, 

ratntall tbel"eat~ oaueed creater or luaer ncrauca 

to the sra••· wJMD 6.S-26.7 •· (o.26-l.OS' 1Dchal at 
rain !all after the titth dq onl.7 10~ ot 'bl larvae 

micrated to IJ'Uit but 1f 36.9 •· (1.4~ 1nc1wa) or fain 

tell 1n th1a period 46% ot the la.rYM ud.sratect to the 

craaa. 
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(6) ~Mrll IPP• larvae ld.grated horizontally 70 011. on araaa, 

80 ca. 1n ao11 aad 20 e•• nrt1eal17 on araaa. !hey 

ld.arated more trequentl7 and aurnved loncer tba aD7 

other apeclea under tleld cond1t1~. 

( 7) HaPPAAW' plaetd. larne ld.poate4 hDr1aontall7 80 ca. 

on JPU•t 70 ca. 1n ao11 aDC1 20 em. wrt1cal17 on ar•••• 
!be7 .S.cratecl leaa trequmtly and aurnftd. aa long 1n dUftlt 

U..Oat u lone 1n ao11, but JaUCh aborter per1oda tbm 

'QPPRia •PP· on crua and craa• :roota. 

(8) Pt•UiaiAitMum zy,tata larfte Jd,rated hor1&ontall7 SO ca. 

011 srua, 30 ca. 1D *>11 and S ca. wrt1call7. !baJ' 

111crate4 leaa t:reqwmtl.71 ODl7 aurri.Yed •• long 1D tt. 

ctunc u the preuoua apeclea, aD4 vwe alao recOYer.t trOll 

poua tor the aau ma:dmum period u ll. pl•GII• 

OtWvtae tblir aurYl val rate vaa lover. 

(9) _,_ phlf'bpW. lanae 414 not llicrate on to P"aa• 

but anl7 to aoll UDd.r.fteath or rl«ht nezt to tbe dune pad. 

!hdr aanlftl rate vu extz-.. 17 aho:rt by coml)arlaon vtth 

the other apec1•. 

(10) Horlaontal mlcratlon vaa IIOH aarlttd v1th1D 15' ca. ot tM 

dane pad. Yertlcal lllcratlon waa .," notlcRble within 

5-10 -. ot the .oil surface on crua. 

( 11) .Dana beetle a decraaaed the larw.l reeovertea holt d.uq 

p&U liT 1aor ... 1DI aerat1oa and eftporat1on cauainc cluth 

bJ' 4eaa1oat1oa ot pre1Dtect1 ve larvae. At tbl - U• 

tM7 udated lld.cratlon bJ their •ohanlcal IIOYellell"t 

ot the dune to a oil, ln vbleh . acme lame could reach 

tbl 1ntect1'ft ataae. 

RR/BC/24/6/1958. 
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A D D E N D U AI. 

IJSECT ACTIVITIZS UNDER NATURAL CONDITIONS. 

INTRODUCTION. 

Subsequent to the completion of this paper, the 
experimental data were re-examined and the observations on 
the effects of dung beetles on the free-living stages of the 
life-cycle re-assessed. Since these insects play an 

important role on the potential infest~tion in the field, 
this addendum has been drawn up. Attention is drawn to 
experimental observations and their significance is discussed. 

EXPERD~NTAL OBSERVATIONS. 

A. Hatching of eggs and development of larvae to the 
1nfective stage. 

These results have been summarised in Table No.I in 
the appendix and the experin.ental numbers referred to will be 
found in this table. 

Dung beetles and ot~er insects attacked dung pads 
during November 1956 and again from January to April 1957. 
Although afforded no protection against aung beetles, dung 
pads placed in the field from August to October, in Deaember 
1956 in Ma¥ and June 1957 were not attacked by them. 

During November 1956 in experiment 7 (a-f) six dung 
pads were placed in the field. The first dung pad 7(a) was 
collected after one days exposure to field conditions, and 
had not been attacked by dung beetles. The other five dung 
pads 7 (b-f) collected subsequently had been hollowed out by 
beetles. Two days after exposure to field conditions 7(b) and 
7(c) were collected; the former weighed 150 gm. the latter 
100 gm., the difference in weight being due ~o increase insect 
activity; egg counts were 120 and 20 ei;gs per gram 
respectively indicating more rapid hatching of eggs in the 
latter. Only 25 first stage and 12 seoond stage larvae were 
recovered in the former while 256 first stage larvae and no 
second stage larvae were recovered in the latter after 
extraction with the ~erman Appargtus. However after a 
further 8 day incabation in the laboratory the specimens 
yielded 10,000 and 3,500 larvae respectively. More than 
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'twice 'the nWDber of intectin la.rY&e were recoyered from 
the tomer, when coapared with the latter although 1ihe 
weight of the dung 1D the lat~r at oolleo~on wu two 
tbirda ot tbe former • 

.Another dung pad, 7(d), waa examined on the third dq; 
tbe dung onl3 weighed 67 P• ad botb egg counta and lanal 
examination atter extraction with the Bierman Ap_para~a were 
negatin. After a :tur'tiler 8 dq 1nou.ba~on in the 
laborator.y only 550 infeotin larvae were reconred. This 
dgng pad bad been extenaiYe}l hollowed o~t b7 inaecta and 
although it waa 67~ of the weight of 7 (c) when oolleo'te d in 
the field, the number ot larYaa collected from tbia apectmen 
w- onlJ 15.11- ot the nwaber collected ~e pre'Yiou.a dq 1n 
7(c). !he aot1Y1tiea ot dwlg beetles aa well aa the loneer 
expo~ to field condition• were reaponaible tor the aarke~ 
drop in larYal recoYeriea. 

!be reaaining dung pLda 7(e) and 7(:t) expoaed to 
:t'ield condition• tor JO and 64 dqa reapecti vall, were alao 
extenaively daa&sed b3.dung beetlea and 7ielded few larYBe on 
exaaination. 

In experiment Jlo.g aix du.ng pada were placed in the 
:tield on l.l./1/57· !b.ree ~· later 9(a) waa oolleo'ted and 
exaa1ned. It -o exter18ift~ hollowed o&.~t b7 beetles, and 
weighed lll ga.a eg oounta were negative; two :tirat at&Be 
larYae were recoYered w1 th tbe auwu Apparatlla and 825 
infective larvae atter 8 d~a incubation. 

!he other :ti ve dwas pads in thia experiaen t were 
almoa~ completely d~atro,-d. lmall heapa o:t loosened aoil 
covered wi ~.b one or two pieoea o:t dung, the lara-at o-r which 
waa 2 em. 1n diameter 1nd1oated where the dw1a pad had been. 
On exaaina tion ot theae heapa minute p1eoee o:t auure were 
found to be inextrioabq a1xe4 W1 th the soil. 

A lar&e maaa o:t dUDg J lb. 1D weight -• alao placed 
1D the field on ll/1./57. !Ilia experiment, No.lO, au1'tered 
the aaae :tate as the fiYe dung pada 1n No.9. lD experilllen t 
Bo.ll, tour duns pada were placed iD the :tield on 17/1/57. 
Witb1n 48 houra onl7 tour small heapa o:t looeened aoii 
indicated the at te of the• dung pada. 

It was 1aportant to know whether intective larvae 
could develop in the small p1aoea ot dung re.aved to tbe 
aoil b7 these inaeota and be reco.-red :troa the aoi1. !bia 
waa included in the eta.ld.J ot 1n:tec"t1n larvae in the preVious 
7ear and ia reported hereunder. 
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lt. !be aot1T1t7 and survival ot infective lanae UDder 
field oonditiOBie 

!he .. reeulte haft been 8UIUD&l"1Nd 1B table lfo.II 1n 
'the appendix and the experimental nWilbera referred to will be 
found in tb.ie !able. 

In eix~een exper1aen~t (lo'•· 7,lo,ll,lJ,l8,20,24,25, 
26,27,28,JO,Jl,J2,JJ, and 35) dung bee~lee bad been ao~ve 
to a marked degree. In the rumanta ot the dung pads 
1BfeetiYB lanne were recovered in large nWDbere 1B only one 
experiaent (Bo.l8)a in ten experiment• (Bo'•• 11,13,20,26 1 27, 
28,JO,J2, ll and J5) trom 1 to 388 lanne were reoonred, 
while no l.anae were preeent in tin experiment• (.lo' •• 7, 
10, 24, 25, and 31). 

14mB beetle• remond auLl%"8 to the aoil underJ.¥ing aDd 
adJacent to the dung pada. It waa iapoaaible to aeparate 
tbeae aaall pieces of dwlg troa the soil and the)' had to be 
exaained together. 

It - 1n tereeting to OODlpare tile muaber ot 1nteoti Te 
lanae reoonred tro• the aoil beneath tile dwls pad Wi'UI thoae 
in the duns ·pad 1 taelt. Jlore 1arne were reoonre• 1n tile 
aoil benea'th the dWlg pad 1B :tiTe expertmeuta (.lo' •· 20,28,JO, 
JJ, and 35) and 1eaa in tour experiment• (lo'•• 13,18,27, and 
J2). In two experiaente (Bo~t. 24 aQd ll) a tew larYBe were 
recovered 1n the aoil, wbile none were preaent in the du.JlB pad. 
In two experiment• (Jfo' •· ll and 18) rain1'aU ••• inadeq"ate 
to oau.ae 8117 aig.ration J 1n a fur~er three uperillenta 
(lo•a. 20, 27, and 28) the -oWlt o~ raiDf'all oal.7 .PU'tl¥ 
aaaia'ted downward a1gra1;1on troa tile duog to aocoUDt tor aoae 
ot the 1nfeo1;1 ve lanne toWld there. Where rainfalls had been 
adequ.ate, it waa iapoaaible to aaaeaa whe~er the ~rennoe ot 
l.arYae in Ute aoil wae du.e to a1gra1;1on ~rom the reana. ta ot 
the dwlg pad, or whether the¥ had denloped in ~e aaall 
pieoea ot dWl& remond to the aoil b7 dwl& beetlea (Ro•a. JO, 
Jl, 32 1 ll and 35). 

Larvae nre recovered in nina axperiaenta (lfo' a. 18, 
20, 27, 38, JO, ll, 32, ll and 35), tru Ute 8011 a~aoent 
to the duns pad. In one experiment (lfo.l6) rainf'all wu 
iftadeqW&te to han cauaed tina migration :troa ~e dung pad. 
In tile other eight experiment• the -e reaarka appl.Y aa 
mentioned in the prerioua p~p.b, to aocoUDt tor 'the 
preaenoe ot 1anae in the aoil, in rela-tion to raini'all and 
bee-tle actin~. 
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On tile grass next; to tile dung pad larYBe were 
recovered 1n ten experiment• (lo'•• 10, 11, 18, 27, 28, 30, 
Jl, J2, 33 aid 35).~ ~e moe-. interea-.inB obaerYationa ware 

made 1D three o~ ~eee experiments (Ro' •· 10,11, and 18). 
!be raintall recorded during all these expert.enta waa leas 
tbaD 0.5 -· ~or the perioda o~ exposure to field conditione. 
Exper11D8Jl"• deaoribed elsewhere showed that thia uount ot 
rain waa 1na4equate tor larval migration, troa the dung pad 

i-.eelt. :ama beetlea had remoYed aaall pieoea ot the dung 
to the aoil at the base of the are••· It ia aore than 
likell that eYen ?er.J little rain waa sufficient to ~ .. 
a1grat;1on, on to the sraas, of intectin larvae froa the .. 
aaall particles. 

In onJ..y ~ol.lr expertMnt;a (Bo' •· 28,J0,3J and l5) were 
1ar.ae reconred trom graaa root. adJacent to the duns pad. 
'rbe7 were uM&all.7 present in •aller nuabera than "thoH 
,.oo.erad from other aourcea. 

On ex .. ination of the reaulta of tweln experiments 
which r&D onr ahor-. period of aewn to nineteen d~qa, 1 t wu 
interea11og to note that in onlJ two experiments (lo'a. 18 
and 20), were large nuabera o~ lanae recovered. In similar 
experiment• (lo'•• 15, 17, 23 and 29), conducted at the aame 
period, when dung beetles bad not been actin, oonaiderabl.J 
larger nuabera o~ larYae ha4 been recovered. !beae parallel 
experiments oarried out under the eaae cll-tic conditione, 
af'forded e'Yidence that ~e end reiiUlt of duag beetle act1Y1 v, 
... a marked reduction in tbe nuaber of int'eoti'ft larvae. 

a. !he et'teot of low leftl pllenoihiasine doaing on dung 
battle uuny. 

Igt£odqot1og. 

Dle obaervationa reported preYioualy llhowed ihat dung 
beetlea •re important 1n reducing the number ot aYailable 
1Df'eat1 ve l.arrae. Pbeno'thiuine whan doeed ~ a took 1n -11 
quantitiea ie excreted with 'Ule taaoea and baa been extenainly 
ueec1 to control the pu~ etagea of tile li~e OJcle of round 
worma. It wu iaportant ~ know wbetber thia drus when 
excreted in taecee durin« low level pbenothiaaine doaing bad 
&ft7 deleterieua ettect on ~ beetles, It ~· were the 
caae low le.al pbeno,hiasine dosing would counteract the 
inaeot acti Y1 tie a in dwlg and could not be reoomaended. Por 
'this reaaon low level dosing of phenothiazine ... carried out 
on 'tWo an1Dlala from which taeoea were colleo"d' and duns 
beeUe actirttiea 1D iheae ~aeoee co~pared With their act1v1t1ea 
in taeoea der1Y&d froa an undoaed control aniaal. 
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Katerit1s apd Methode. 

!wo oowa wre doaed daily w1 th "two and fi 'ft grams of 
phenothiazine respectivelJ. 
ot doaing faeces were collected from theae two antaala aa well 
as from an UDdoaed oon 'b'ol cow. Prom each of theae animala 
chmg weighing l Kg. was placed in the field. these dung pada 
were collected attar exposure ~ field conditione tor perioda 
of three to aix da,s. In tbe laborator.1 they were weighed 
and the number of dung b .. tlea in each specimen co~ted. 
In addition each dung pad waa exuined "o see how ex~nai'¥'81.7 
theJ had been hollowed ou.t by inaeca. !he insecta 
collected were placed in bot~•• to aee bow long they would 

Dosing con Unued ud 
apecimena were oolleo~d over a period of two weeks. 

!Jpe£1i!nlal ubseryat1ont. 

!ABLlb A comparison between the actirtty and the nuaber 
ot dWlg beetles reoowred froa 1 Ka· -plea ot 
dung exposed to field conditione. 

No. aRo o? lnaeois re-
of 1 covered troa dung of 

d&¥aaat (att(b) at(c)a 
1n • Oowa Cow a Cowa 

fieldalfo.la lo.2&.1o.Ja Demarka. 
I I I I 

3 &172 1 1.34 a 13 a IWlg in specimen (c) waa aore hollowed 
1 a 1 a out bJ beetlea than either {a) or (b) 
a I I ' l 1260 a 70 I 1741 Little a..&se ... done to aD7 of the 
: I I : dung pada b7 beetlea. 

• I I I 

l 1174 I 48 I 1211 Jlore eYiclenoe ot dWl£ beetle actin 'Q 

' I I ' in (b) and (o) ~han in (a). . 

' I : I 

4 I 74 I '' a 8 I n.ma in ( o) aore extenai nl.¥ hollowed 
l I ' I out than e1 tiler (a) or (b). 
I • ' I 

' al8 • 32 I 5 I llms o~ (a) and ~ b ~ aore hollowed out • I I I b7 beetles than o • 
I a I I 

6 I 35 I 18 I 3 I All apeciaena extenai vel7 hollowed 01.1 t 
I a I a b7 ~B beetl••· 

* (a~ Oow. lfo.l. doeed dail7 with 2 gram ot pbenotiliulne. 
~ ~- Oow No.2. doeed da11J with 5.graaa ot phenothiazine. 
t o Cow Jo.J. undo•d oontrol. 
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Ill the aooompaning table the number of ineeota 
recovered froa tbe varioua apectmana abowed no correlation 
Whatever. lWl8 pada were :treqLtently exwnaivel;r hollowed 
out bLtt ft%7 rew inaeota were recovered in aoh apeoillena. 
In moat caaea llore dung beetle• were reconred hom the 
dung pada deri.ad rrom cowa receiVing low level phenothiazine 

dosinB tban troa the dung ot the control cow. !he evidence 
tba1i in .. cta .bad been aotiY& varied to aLtoh an extent between 
the apeoiaena, "hat altbot.LSh 'tile¥ were no~ neoeaaar113 still 
preaent when aearohed tor in the 4wna in .the laboratory, their 
abaenoe did not indicate tba1i o~er dung beetlea bad not been 

active prior to collection an~d aubeequentlJ lett the dung 

pad. !here waa no ertdenoe tha't inMct ao"tirt ty waa more 

aarked 1n duna from the undo•d oonttol than ei"tbar of "the 

4L1nc pada ~ the 'two cows receiving dailJ 4oaea of 
phenothiazine. 

!be inaeota tila1i were recowred troa tbeae du.ng pada 
were placed 1D bottles 1n the laboratory. !beJ lived tor 
wo "to tilree dqa be:t'o~ tbJV started dJing reprdlesa of 

whether the1 were derind 1'roll duns troa tbe doaed cattle or 
tbe u.ndoaed control. they lived ae long u aix 48¥• before 
qing when U dwlg waa placed in the bottlea, regardleaa 

of the ~aenoe or abaonoa of phenothiuine in the dung 
which waa ad4ed to tbe bottlea. 

Jroa these obaerYBtiona it 1• clear that low level 
pbenothiaaine doaina ot cattle had no apparent attect on the 
aotiv1Q' of inaeota that ataoked 'Uleir <luna, nor did i1; 
oauae dea'Ua of any dung beetlea. Since 11; had no 

deleterioua efteote ab dung beetle aotiv1~ 1 tbia drug can 
aately be Lteed 1n the control of versinoeia in etook, aa 
1a a1; present advocated 1n 1U1117 parta of tbe world. 
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DISCUSS I 0 N. 

!he observations on 'the batcbing ot esga and 
deY&lopment o~ l&rYae to the 1n~eot1ve stase in dwng pada 
in the ~ield, indicated that dung beetlea oauaed increased 
aeration of dung pads, which speeded up the 1ieapo or egg 

hatching. !his oonfinaa Jmnnig' • {1931) obaervation. 
In api te of the ao.re rapid .batchins of ega, the reooyery 
ot larvae t'rom auoh dung pada attar 1nouba:tiutl 1n the 
laboratory, was considerably leas than ~rom thoae dung pads 1n 

wb1ch the 1naecta altboup present bad not hollowed ou.t the 
dung pad to the a&llle extent. !he death o~ the larYae waa 
probablJ due to increased aaration, giving rise to more 
rapid desaication and death ot' the pre1nt'ective larval atagea. 

lbring Janual7 1957 eleven dwlg pads were placed 1n the 
field. feD ot these ~ pada were oomp1eta1J deatro7ed 
w1 thin 48 to 72 bolas leaving ool¥ •all heaps of aoil 
coyered wt th a tew emall pieoea or dung. The one dung pad 
le~i •- exwna1vel.7 hollowed out and waa e.x-.nined aa 
previously repor~d. 

fbro"'8hout the reat or the summer and au.iiuan ot that 
year, repeated at'Mmpts to a~q the prein!eotive atasea ot 
the l.if'e-o7ole, &Uldar ooaple~q natural conditions met with 
a aimilar tate • On~e 'tile dwlg bee~lea ud deatroyed the 

dWlg pada eag aoW1ta and the recovery of "he various 
developing larval a'hge" wae i.JM;poaa1ble. Since the author 
wu aleo stuqing 1iba etteota ot other evironaen'tal. taotora 
on tbeM •tase• ot the lii'e-\J.vale at the same t1me 9 he waa 
oompell•d, albeit reluctantly, to protect the dung pada with 
wire gause. 7or1UnaielJ dung beetlea aotivi~ ceased at 
the end ot April, ao tilat it waa unneceaaar/ to protect the 

dung pada in the winter and th•¥ oo~Ald be atu.died WldGr 
oompletel¥ n•~l conditione. 

In the preYioue year dung beetles had alao been aotive, 
b&.l t not nearl.Jr to the aame e.xten t aa in Uae tw·tu.mn or 1957. 
1'be poor reconriea of 1arwe u a result o~ duns beetle 
acti Vi t,y reaohins a peak in the a&l1iuan, otfaet to a aarked 
degree tbe beneficial attoota ot inore ... d rainfall on the 
deY&lopaent o~ infeot1Ye larYae. 

!be poor recoveriea of infective larYae, in fourteen 
ot t.be aix'Men experiments on int'aoUye lanae aubstantia'ted 
tile ataament -d• above, that inaect aot1Yi ty faoil.1~ted 

the death of ~e preintecti.a larYal ·~•· a&Be beetles, 
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are a'ttrao'ted 1o :treah IJ18DW"8 only, while 1 t ia a till ao:tt 
and nr1 aoiat, i.e. 1n the tirat .tour d19'a it ia in tbe :tield. 
!he.r bu.rrow in 'to the d\lfl8 pad a ud reaoft manure ~ tile aoil 
parUoul.arl¥ beneatit but also ntU(t to the dune pad. !heae 
amall pieces o:t aanu.re were "en in the aoil. !be reoove%7 
o:t fairly large D\Dlbera ot lame iD 'the aoil mixed with 
manure granules below the remnanta of the dune pad, Wlder 
conditione wnere rainfall ... inadequa~e tor larYal migration 
.trom t.be duDs pnd, must haft been due t;o 'the presence ot 
larvae 1n these anall pieoea o:t IIUID\U"e. Since they had be•n 
removed within the tirat tew dqa tile dung waa in the field, 
1 t ia onl,J reasonable to uawae that the7 .uat haft den loped 

to the inteo'tive ·~ atter being reaoved b7 dung beetlea 
to the aoil. !r.be aovem.ent of dung beetles 1n tne aoil 
looaena the ao11, thereby 1n'b'oduc1ns air and i>robably alao 
incre-ing tbe rate ot enporation. !hia although atiallati.Dg 
egs hatChing, would alao increase tbe death rate b7 desaioation 
ot the larvae. f.bis possibl¥ aooounta tor the poor larval 
recoveries i'roa soil a-plea in aoat of 'the experiaenta where 
dlma beetles bad been aoti'ft. 

~g ~e two year period ot tbeae 1nveat1sat1ona 
from J\lq 1955 to June 1~57, it waa nowd 1tbat dung beetles 
were aoa't active from Janua17 'to April 1n boUt aeaaona. 

liaini'all claW. at .A.rlloe4avlak._ onr a period ot more 

than J 0 7eara indicated 1that the ra!A7 aeaaoa waa :troa 

December to April, the beat aonth be1Ag li&rch. Bxperimen'ta 
deecr1bed aleehwere ahowed that tbeae aontlus were the aoat 
optimal :tor tbe tree 11 ving etaae• of the neatode paraai tea. 
JUrther~ore experiment• on the tranaaisaion o~ .ar.iaoaia 
proftd ~t atoak 011ly became int'eated during thia period. 

It waa very a1gn1fioant that dullinB thia aame period 
du.ng beetles were aoat active. While other enVironmental 
taotora tao1111tated 1tbe propagation o~ 1ntea~t1on 1D the 
late aU11118r and autumn, the burrowing bab11te of 1naeota 1D 
tile dung had the oppoa1 te atteot. ii thin two or three dqe 
ot being in the tield dUDg pada were frequen'tly destroyed. 
On.I.Jr tile preaanoe of rainfall WOLlld •n 8111' reaain1ng l.arYae 
tram deaa1oat1on and death. 

!be preaenoe of trequen~ rain• and noct\lrnal dews 
wo\lld be neoeaaarJ to prevent the death of the preinfecti.e 
atagee. Although dew waa a nigbtl.J' ooourenoe it would only 
aoieten the IJ\4rtnce ot tbe soil and 11117 re1111an ta ot dulas pada 
above tbe aoil. Below the aur.tace of the aoil rain would be 

9/ ••••• 
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requi~ to .upply aut£ic1en~ aoia~ tor larval aurYlval. 

In thia reapec~ the erratic distribution ot the rnin aeant ~bat 

~- lanae had this benefit 1111d therefore died in the 
f'requ.ant relatively dry periocla between rainf'alla. Onlj at 

- tbose perioda when rni.nrall.a were regular would more larvae 

reaoh the 1nteotive atage. Tbua inaeot activity would be 

balanced out to a certain extant b7 tbe moisture au.pplied 

by rain. !hti interia perioda between dqe on whioh rain 

tell wo~d allow ~e £ull erreota or dung beetle activi~ to 

be felt. Since tbese perioda we~e nore frequent than the 

d&.7B or~ whiCh rain !'ell, rew larYae would reach the inteotip 

a~ du.ring thie period. In other words 1~ waa onl7 during 

rainf'all periods ~at the larvae reall.7 had a chance to 

aurY1 ve ad develop to the i~ect1 ve stage. 

nma beetle aoti Vi ty oan sai'ely be atateti tc be aa 

important me'ibod o~ b1log1oal control ot worm 1nteatation 

1n ~e field and an ilu,portWl" al.J.1 ot "the tarzner 1n worm 

control. 

S U Iil Jl A R Y. 

1. 'our experiaen~a were •••oribed on ~· hatching ot 
v~e aad development ot larvae under field oond1~1ona where 
insecta atta*ed dlmg pada. 

2. In November 1956 f1Y8 dung pada in one ezperimant 
~hes& i~aeota caused 

increased aeration, stimulating egg hato.hing, bu.t larval 

reoonriee after 1nou.bat1on 1n the laborator,y, were 

oona1d&:rably J.eas in dung vade where inaeot ao'ti rt v waa 

aoat marked, indiout~ increased larval 110rtali ty. · 
J. In three experiments in Janu.ar,r 1957, eleven dung 

pada were plaoed in the tieldf o:t tnen onl7 one waa au1 ~ble 
£or examination attar three d~e. The other ten dung ~ada 

were ooapletel.l' destroyed, witilin 48 to 12 hc1.1re, leaving 
•all beapa of sand containinc a taw small pieces o~ aanu.re 

1nutr1cab~ a1xe4 w1 'Ul tbe ao11. l'o aeablnnue ot dung pau 
were lat't to exe1ne tor egg hatchi~ or the recovery of 

larYae. 
4. !be etfeota ot duna beetles were observed in sixteen 

experiment• in wh1oh the aotiYity and survival ot infective 

larYBe were ~ing e~died. In uo uperiaenta larvae were 

recovered in tairl.¥ large nuabera. :n ~ourteen experiment•, 

l!lr'IU were either abeent, or preeen~ in aaall or vecy 
aoderate nuabera. 
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5. fbe preaenae o~ 1nfeo"1 Ye larvae in •- 1·1 underl.Jing 
and nex~ to dung pada 1 waa oonoluded to be part!¥ d~e to their 

deyelopaent 1n the aaall pieoea of aan~e a1Xed with ~he aoil. 

!heee pieoea of d~ng had been reaowed trom the dung pad by 

insecta in the first few d_,a it had been in ~e field, and 

bef'ore intedti. ve la.rYtte were present in the du,na pada. 
n 6. ~1here rainfall wae inadequate ~o ca~ae larYal 
c.1£r~"&tion, "he ]ll"Usonae of larvae in the soil wu l!roably due 

to the mechanical removal ot dUD£ b; beetl••• 
7.. Lo~ lenl p)aenotbiuine doaing hu no dele-arioua 

eff~cta on the act1Yitiea of dung beetlea. 

0 ""' .I ~ UJ s I c N s. 

~ng baotl.ea hollow out dung ~da wnioh givea riaa 

to increased rates of evaporation. fhia leads to death ot 
'the preinfea1.:&.ve larvae. In the law summer and au~, 
when c11ma·t1c factors are op-ciu.al for larval developllllent, 

tne• inee~ta are moat aot1v~ and trequen~l.y deetroy du.na 

pada. ~heir aat1Vi't1ea are therefore an important aethod 
of biolo£ioal control ot infee~tion in the field. Tbe 
admi.nistr':!ltion of .. al.l doeea ot phenothiuine to cattle does 

no' e~fec~ ~· eubeeqaent acti~~iee o~ beetle• in dung. 
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I 7 I z 9 2 ! 0 ~ 0 9 t. 

!B!RQDU~IOJ. 

Ba8e4 on fiel4 obaerYatioaa re~ortad elaew~ere 

(vide •~pra), tour ex~eriaenta .. re oarriet out oa the 

traaeaiaa1oa of T!r.inoaia to auaoeptable oalvea, reared 

1t1 the -varioua M1iao4a of ai11aal. hllaltand.rJ _prac1iioe4 in 

tbe dietriot. 

!be ex»•r1.-nta were .. tollowaa

.a.. Oaee re:,vort on oalf llo, 7180. 

B. :Pov grou.,a ot oalvea reared '-1 different .. 1ibocla of 

ot aaiaal bua\an4rl troa a14aumaer so w1a1ier. 

c. 1'1Ye sro•pa of oalvea reared tlJ dlfter•t •••hocla 

ot aa1aal tmaHil4z7 trow au.tu8 w aida~r. 

D. Seya a.roupa et oalYea reared 'D¥ cliftereza' •.ao4a 

of an1aal. bualtalldr7 troa auaaer w earl¥ wla ter. 

Xo te t Ia ex_pertiHJits 0 aa4 D 'll• work 4oDe 1n 

eapert ... ,a .l an4 a waa repeated wiia 1ibe a441,1oa 

ot ex•ra crol.lpa. 

A. QA§l!: llii9.p 91 CJJel 19. 718q. 

MfiRIW MP I§THOP§. 

1. two oxea •~tferiAB troa a .... 1.- aixed 

1ntea,at1oa of ~ORk•rla 'ii•• &, plaoe1, O, ra41ttw! aa4 

.D· thl•Jo!9M wan 1nvoduoed iaw a -11 o .. ,, 5.4 

aorpa (a'M\lt llt aona) 1a ext•t 1a llq, 1955, follo•d 

lt,J tbree u•1t1o1al.l7 1.a.t••••• oalYea 1a Oow'Mr . 
• a. A ltra&l, wi ta a au.rtaoe area of a,pproxiaa~•l¥ 

l, 500 aq. ''· _. oonatNcte4 aad the lnteaud a'\ook b•r••• 

1aw tlU.a kraal troa 7 •·•· to 2 P••· eTe.r¥ a,-. 

• A kl"aal 1• a oow ¥ard or oat tle ,pea. 
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60. 

!be ~· arowtq 1a the kraal aad ill a l ft. a trip arou.a4 

'" kraal waa reaoYe4 wi 'b a boe. %be kraal oon'&a1De4 a 

ra1ae4 wa-.ar tro"'Ch fro• whioa AO leakace ... allowed. 

). Calf lfo. 7180 waa ben oa 15.11.55 ad goatiud 
U-:sg '" kr•o1 froa 19 .u. 55 until 1 ~ waa al.~hteret on 

2.8.56. IS! 4M craae4 elaewhere wt ... t}lon4 "'" 

!JI.t 'ryl trot 1 '''' !o:C1m. t.i&ll.z H &l,low t&• Oalrf 59 
ay.okle. Th.ia waa the calt'a oJll¥ food 8\L.P.Pl.7 WltU 

fe'Dru&r7, wbu 1' waa allowed aooeaa to aa a4Jaoqt oalf 

~ \o teed oa obatted·l•oer.aa 1D a apeoitl a\aa~oa 

ooaatr.aoie4 to _pre-na't ap1llace Oil '&u aroua4. !Ilia oalt 

.P• will -· 4eao.r1'Mt 1a experiMD.t J. 

4. bioe ... kl7 11l1t1all¥ laut 'hereafter onoe.a week 

faaoea were oolleotet froa \be oalt »•r reo~ .. a •xa•1ae4 

for won •aa• 
aalq z.aso4 , s.o. 1.4 ••• ••plo7ect, lftlt aa aooa •• , ... 

t .. oea ware poaiHYe, •cc oouata, u1ac •a. teoillli<lu• of 

Rolterta • O'&lll1'f'aa (1950), were oarr1e4 oui. i'oaitiYa 

faeoaa were aixet wt•h eterile oattle &walt 1aou~te4 for 

8 dqa '' 16°0 aa4 lan-ae oolleote4, b.eai kUlect aat 

14eni1f1e4 on a ~•ro*Dtaa• -.a1a. 

5. ilanW"e wu oollecie4 iJl tae kraal at naular 

ill'Mr?ala 1a the followiac taabiaa. .All area lO ••· •· 

- ~keel ou' oa the aufaM, aa4 -u.r• re110Yed to a 

4e.v'aa ot 2 oa. ., aD4 plaoed 1a a oODiaiD.er. A turtber 

·~•1au ~41atelJ 'below tb.ia a;peoiaa w a tur~er 

dep'b. of 2 oa·.. • .. ,.. • .., •• ead Jlaoe4 1a a ••.PU"ate ooa\aiaer. 

Speci-• were -.at .. to 'h• loJ.laora,oq, weipe4 •• plaoe4 1a 

Jaeraana ~•l• for 24 ~.. larYaa oolleote4 .ad exaatD•• aa 

4eaor1'N4 1a pHY10\le ex~•r1-ta (Yi4e aupra). 

6. PreYai!iac oliaatio oonditioaa .. ,.. reoorde4 

4&11.1'. 

7. Ai tiM ooaol\la1oa of the eaperi-t ill A.l.l&'l•t 1956 

'~ oalf waa al~btere4, .. raa 1d .. t1f1e4 aa4 •oua'-•· 
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61 • 

•. I.UWiptA.le Ol;ti§IjZIOI~ • 

!bia axperi ... t 1a calla4 a •••• report aiaoe OAlJ 

oDe oalt waa tn•olTed. fhe ez~er1aeatal period waa troa 

tile l9'Cb lonaHr 1~55, H 'lle 2n4 ot t\u&aat 15156, wtlG 'b.e 

aatura ooavol t)t.e ,poat aori• ••• oarr1e4 out 4 weaka dhr 

the faeoea ezaaSnatioa waa coacla4e4. 

<•> amo.a or IRJUt!IPI· 
(aeaulta ••• Pi&• •o. )), 
Six .. eta at-.er the oalt b.a4 uea plaoed 1A ~ 

kraal taeoea ezaa1Da,1ou were aept1Ta lNt the tollowinc 

... k a ~44en riae to 1,460 e.p.,.• ... o-.•rv•4 oa 7.1.56. 

fu •u oo\Ulta reaou• taeir peali: oa 6.).56 wllea 6,810 •·P•I• 

"" aohd a11d 'bereatter feU, aa4 •" tbe •• ot tu 

Uperi.MAt 1a Jul7 240 l~tP•S• nn reoor4e4. 

I.an'al 0\ll.turea vator'\uaatell' we.n uaauooeaatl&l uatU 

17.1.56 •• eoomta •AA· Is RlWi •• 1£1•*•'reeD• •RR•, 

wen 41apoM4 followe4 5 weeka later 1Q' O, qtteN aa4 

1. RlaJ.tftSo•· M tJM ea»eriaeat proana ... 

fri•M•Vmsylu ''P• lart'M 41aQ.PGan4, coour11 !PR• 

aa4 B. plyt1 ........... , Q, ra41aM 1nor.aae4 altpU, 

&4 I• llhltllo)OM .... ._ t)t.e pre4owtaut apeoiea ot lame 

utU , .. t•••• axui•~•1on - ooael\l4a4 1a ~~. 

(b) roa; !JOitp pSUL+S. 

At •h• ~·" Mrtea o~ rua oal~ oa 2 .8. 56 nw 

• ••»•&• •ua per p-u. 
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tABLE 110. U. Ju.ber of woma r.coYered at Post ilortea 
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140 

There .. r• olll7 a tew s;,Lwwtau woi'IU present at post 
mortem an4 the total nua r or JotPJriUPP• WOI'IU pre
sent at post 110rtta are 1nolud un er ~tPU\iDik& 

Inolud1na S 1-ture ~dl•aa•l.t. 

IDCludln& 12 z-ture 21 Ef~lap1 

species ot wor.aa were reooYered. tbe species and tbe1r 

nuaber are recorded in !able No. 11. Althou&b lanal cul-

I 
I 
I 

• 
I 
I 

• 
I 

• 
I 
• I 
I 
I 

I 

ture reaul ta ba4 revealecl the preaeoce ot %licMttroll.Cl:lJll IRP•, 

until a tn aontha before the post 110rtea, they were not re

covered at post aortea. 

(o) IJAflMA%101 Qt IRAY. iUCfURQ • 

. The results are sWAmarised in Table !fo. III in the 

app.ullx1 alone w1 th reaul ta pertalnina to subsequent exper1-

JHnta. It will be noted that 1nteotive lana• ot all tour 

aenera wen recovered IU'ltl were mon frequent in Jta.J'Oh. Durlnc 

thla montb rainfalls were heav. 

(4) P!W'llLINQ CLIMf.TIC Cwlfpl 61013 • 

Da117 Yar1at1ona ln tbe c11aat1c cond1t1ona an shO-. 

in P1cure lllo. 1. illonthl.J raintalla tor the period are included 

in table lo. 10. 

Pro• f1pre Ho. 1 and table Ho. 10, it will be noted. 

that heaY)' ralntalla .. re recorded 1n December, Februaey and 

ll~ti'Cb. During or Jwat attar these ralna lana• were 
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f4. 

noonre4 froa la'aal -\ll"e· tu role .U •- teata aod Mil" 

at tM -... of ..- teata pl.,.~;; 1a tiM tru.ud.aa1• ot yenalua1a 

to oalna will 1M .-o"CClt o\lt 1a tile 4iafNaa1oa at tu •• 

of tlaeM expert-••· 

:a. lOVB GBOUPS o• CW,VEtt DA.ith.D BY :>IIPnDI'I lliTBODI 
01 AII•f& w;w:aat :raox ui!"A 'GO 'lUll• 

1. tile •- oaag •4 1uaal •• deaert.Ht ill tae 
_p,re...S.o\la experiMJai were uaed 1.n thia expe.ri-t. .llo"Yer, 

aext w tbe kraal 1a .the paddook .... e oal.t peaa were built 

u .toUowaa 

a. A -11 .-,lt !JeR (10 .tt. s 15 .tt.) - -.uUt nest to tile 

ltrul.. It Md a poou.a4 tlov •• a pte l .. 41Ac iato 

.ae kraal. Ia tile oal.f l*l 1a lelt.rua17, 1956, a apeoial 

ataaolaioa •4 vouca ••• lNU •• oaoe the oalna ..... 

were aeove4 1a the akno"oa wette4 obatfe4 l\loene -

»1 ... 4 1a the troup aa4 tbere - ao goea1ld.l1_, of 

apUlaae • w .u crou• noor. 

lt. •• e. •••t to tile calf .liM •a• two a44J. 'ioaal. oal.t ~ 

were lMlil.t, w1ta ooaoreie floore. flae foJ~Mr (lt) -

15 a 20 ft. wbile the la,ier (e) ... 10 a 1' ft. 

1a aiM. Jo.a ba4 p"• oo•••nt .. tia& with ~· 

pe4clook •• lg,oerae ct water U'oapa "r• pn'Y14". 

2. IatrodY.ot1oa of al&aoe,Ptiltle atoGIE - watortaaatel7 

4elqed awai tiq iu oon••.ru.oUoa af ibe oalt peaa. !• 

oal••• ltoa lMttweea 8.11.55 aa4 22.12.55 were plaoed oa 

eoaorete tloore at ~ la~rator¥ oa 22.12.55. 

Uafor-.. wl.J ••na et ta••• oal••• bad alreaq lteoo• llildl;r 

1ateate4 aa4 were trea~e4 with »aeaGthiastae oa 10.1.56 at 

the rau et lO Gr-/100 llta. 11-n .. icht wi'ia aulNMC(flat 

aepu .. fa•"•· »etore 'Ule oalt pea ooaatruot1oA bacl •• 

ooa,pl.ete4 l 110re oal .,... •re 'tK)ra aa• ,plaoe4 w1 til the otller 
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65. 

Yarioaa arouJ»>I. Oal:na Ml'll at'er tu ~ of JaJWU7 

wen 1Avo4uoe4 iau U..ir aroapa at 'b1r-.a aa4 lQ' ).2.56, 

a1De'tea oalna wuoe 1n tbe uperiaat. the oal:na were 

41Yidet 1ato croupe .. touo ... 

SitOUP 4. 

lin calna (Yia. •oa. 7176, 7116~ 7290, 7329 

• 7379) were 1ntroduoe4 1Ato oal.f _pe •a•. !Jaaae oalna 

were oytyet 'o '" Ofl.t PM. troa 7 a.a. utU 2 p.a.a 

troa 2 P••• aUl 7 a.a. the tollowia& Ml'"Jliac tba7 hat 

aou•• •• '" 1af••••4 pMl - opeatac the oo•••nioa'iq 
aa•• alld lliset w11b oalf lo. 718o ill ex~er1 .. t .l. Jl1l.k 

wu fe4 to the calvea 'twioe da1l.7 111 lNoke'U .at 1A l•'UuarJ 

ad41t1oaal feed iA the tora of ebatfe4 l•o•rae waa fe4 1a tbe 

apeoial atan~b1oa .-R'ioae4 earlier. 

c;rov I· 
Jiye oal ..... ( ns. loa.. n 77' 7178, 7188, 7214 • 

7Jll) HH 1Awoduoe4 1aw oalt .PM ·-·· ~IM•I wu• 

nn tWit•• w $hi IM' • M4 B!••r ¥ltv4 oy.t. 
s 

fu ooaare\e floor ... w.,P.e4 aa4 ae.ru.ltMd 4a:l.l.J •1•b ltroou 

•• •ter. fa. oal't'ea auokle4 Ule1J" "- earl¥ 1a .U 

•mtac 1a .ae oa.U' pa. to1: at.\lt 15-20 llialltea. Tllereatter 

tba 4... ..r• ber4 .. iatt \De 1ateate4 kraal troa 1 •·•· 

atU 2 •·•· aad retuned w the oal.f peaa w allow the 

oal .,.. to nokle tor a tv.rtau 15-20 a1all •••. At••r •• 

oalYea aat aaoklecl, •a. ••• •re be.r4e4 1a'o a ••para"• 
• ..., w &rau oYU'Jlip,, r••lU"&1ac •o the oalt l*D ~at 

laetore 7 •·•· '"• toll•wiac •raila&· file oal••• .. re alao 

te4 o~te4 l11oerae 1a voqb,a. 
ctroup c. 
ftye Oalfta (via. loa. nSJt 7117, 7292, 72)4 • 7400) 

wer• 1avedv.ot4 irl'o calf »• •e•. !hia - the cODtrol 

&t'OllP· :ry WI•• !!£! tollip•4 " lit ttl' R'l p4 liD£ 
lt(! iS· fhe ooaor•"• floor waa aoru.ltNd 4&11.7 w1 ... 
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6&. 

milkJi.. 
\.roo• aAcl _._.. Oalna "re fe4~1a -u.okeU twioe 

4a11J' .. ..u aa o}lafted llloe.me 1a VOucH. 

gnp l?• 
~Yr oalYea (Tis. •oa. 7107, 7262, 735), 6 7375) 

..,. iatrodlloed illw '" 1nteate4 pa44ook iB wbioll tbe 

kraal an4 calf pu.a were a1-.te4. ?b.e.7 cr•••4 wi til ,.._ ia.

tea\et a-.ook at Jlipt an4 ncklet oa ~e1r 4au at 7 •·•· 

aa4 2 p.a. tor a~ut 15-20 aiautea 1a eacll oaae. tM <mit•• 
[!ptned ip )Ae Wtattt Rad4o& oyaSMtg. QU"1i froa a 

whe..n. 
abort p•riod ot a\out 20 KiDQtea oaoe a week/1bey .. re 

he~4e4 iftto tke ~ .. a4Jaoen' te tbe kraal for taeoea 

oollaoUoa pue reowa. !u Aau &raae4 elHwaen IIIli 

were aner allo .. 4 u•o tu kraal. 

l• ._. ... ex..wta•ioa ot tile oal.ea •4 kraal 

-ure ezaataati• ... 1deaUoal to tu teobaique alrea., 

4eaor1lte4 ill the pNYieu esperi-t. 

4. Lanal. ildeetaU.oa ot berM&• waa illnatiptet 

Graaa waa 

collected troa 2 plota, oae a4~aoea' \o the kraal ~ otaer 

)00 7&1"U a-.,. tu pl.o•• were la1telle4 1 .at I aa4 poaaa 

... eolleetecl .. 4 exaataet aooor41a& to r.,lor•a (1939) 

te•baiqu uo•pt , .. , ill the laltora,or7 ... ~ tunnel• 

were a .. 4 for larYal oelleotioa aacl oal_y )0 Gr- of area• 
plaoe4 1a .... f\luel. LarYal. eovata wre oarr1e4 out 

u.a1Jl4 the teo!aique alreaq 4eaor1Mt 1B preYioua experi-te. 

file ~•r.uJ.a ae cleaor1'M4 ltJ !.,101" - ue4 ,. ••'1••• tM 

al&Jl'aer of lame per lb. of &r&H• 

5. PnYa111Bc ol1•t1o ooa.di tioaa wen reoor4e4 

6. At tbe ooaol"a1oa of 'be experiMat ill Jlll.f1 

1956, 10 oalne were alauahterecl tor wora exuiaatioa. 
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67. 

authol"W oon-.rol poet aorteu were 48183•4 tor tlaree •••k• 

after , •• faecea exa•inatiana were eoaolu4e4a bowever all 

t!t.G cal:na UM4 1a poa• -..rteu .. re oontilled w their 

poou.pa \Ill '11 al&\UChMZ'e4. 

•• l).JVELOP!pt Of I!fi!l.t!IO! I 

firul •·- 11 n Mll4 rear•• oal na ooll1'11le4 to 

tbe inteate4 kraal an4 a4~aoeat oalt pea. 

(Bea~lta ••• Jic. wo. 4). 

OalYea 1a tbia ,roup deYelope4 infeetatioa alowl7 

aa4 oal.¥ attar 20 •eka 1n taia ex,Periaet dicl the •Jor1'J' 

ot ~e croup b&Ye •a~ o~uat• exoee41a& 100 ••P•I• ~ 

AU&M•• 1n41'ri41&al. ea oolmt - 690 ••Jt•C• o'aaern4 ill 

oalt •• • n 76 ath.r 22 weeka expoaure to 1A1'eatat101l. 

tai"YYIl ..Uture Nwlta rneale4 the ~-oe of 

£oQRer&t If'•• B, Rlrt9f1, Q• £141•'M •• ;tT1WaVynRl'!a 

!J>~· 'Mfore the aYeraae •a oou.a\a eao .. 4e4 100 •·»·&• It 

... a1¢t1eaat ~' oal7 wlla 11 iAl.t)Oto_, ... •ll 

aab.'bliabell d14 tbe •u ooWlta riM to a leftl ill exoeaa of 

100 ••»•C• for t:U -~oritJ of tile paou:p. 

irop I• - .liw •oldiac eal.Yaa ooafiae4 'M a 

ooao.nh floored Jr1M 1 tbe a- were kept 1a tbe 

1af'eate4 kraal troa 7 •·•· to 2 »·•· 
(ieaulta See Pia. lo. 4). 

Int••'-tioa developed alowl7 ~t a eu44en ria• 

- no,a4 ll weaka after tbe experiaat Jaad eoaaeaoe4 1la 

"tbe ••»•I• ooq••• aa4 tour wee'ka later all ihe oalYea lld 

•aa oo\Ulta ill exo••• ot 100 ••P•I• Oae oal:t llat 1,960 

••J•I• at tbia •taae (Yia. lo. 7214). l ftek at'er tiM 

•u oouata ba4 reaobe4 'aeir :peak, 1.a. 18 weeka attar tJMI 
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69. 

experiaeDta •-••• •u oouu fell draaat1oal}¥ •• 

reaiaed. at a low lnel, 110et of the oalvea b&Yiac •a 

oo11ata lMtwe• 50 u4 100 e.p.g. uU.l tiM ea_peri-t -

ooao..Lude4. 

I.arwr.l ftlwn naw.• renalet a preuma•t 

QttJtll1• '''• aa4 a. p1•w 1ateatat1oa. ~ •u 00\11lta 

wen blab •n L Jltn1 lanaa •re neovel"M troa Cl'lltuna 

wt the .reftree - the - wua •u oouatt fell. .t.arYal 

Rl.1Nna n..-eale4 ••r1 litUe Q, n''•• •4 wea lea• 

I• iil'"l'l!l tateatatioa. 

iF01Ut o. ft ft bact reared oalna 1a • OOAorete 

tloon4 ,pea. 

o.u, oa• oalf 1a tbia croup denlo,~>e4 illteatatioa 

of arq ao1e (oalf lo. 'ntl) • reaolllq a peak of 140 e.p.g. 

ill a., •4 talliac w 10 ••»••• at tu •• of tbe eaperi-t. 

jaolber oalf •eyelo~e4 a nr1 ail4 1ateatat1oa .. 4 feaoea 

exawdaatioaa ware ae .. i1?e tor 5 .. eta -.tore ~ ex~ri..ate 

•-4 1a JuJ.7. fb.e nat of t1111 oal.na "" aepUn 

thro~t. 

LarYa1 <Nltu.rea of Oalf ... n9J rneal.e4 •u 
pna•oe ot 1. tl.•n1, CtonrJ.a •u· •• o. n11d!!• 
~- oul. tana 1a ••t _,, wre .,...., poor 1a4ee4 •" ael4oa 

71el4e4 eaoutb larYae to dlftereatiate the apeo1ea oa a 

,Peroen tace -...1 •. 
!be obatfe4 la .. .rae ted w 'll••• eal._, - fo-• te 

ban MOOM ~••••• wit!l tM apeo1M fna4 1a Oalt Wo.'n9) 

.a4 tbia - ~-~ tu a0111'01 of i.JlteataU.oaa obatfe4 

luoerDe fe4 to otber crou»• .., aot tat•••••· 
iny.R p. hur aaaekliac oal:na ooaftae4 to tile 

tateatet itddook. 

(aeeulta ••• 71a. lo. 4). 
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7o. 

a..,.. ...a atter tbe npei'S.Mft' e•• ..... aU \be 

oalwe 1D We anap W •aa oouau ••• .. lD£ 100 ••P•I•t 

wtllob. 1011e to a IIMil of 6So e•P•I• dz ... u later and n

•I.Dtd a\ a hl&b left1 oalT ta111D& to 2'S e.p.g. a\ tile 

ea4 ot the uper!Milt. 

CMwtrJ.a IRPe lame •n dCIIIDaa' 1A cna111UM al• 

tbougb the oUler spcotea •n u• ,........... 
)e I!Oa MQUIM usuu,zs. 

2M. Nault. of poet aort.a are --..tHd lA lable 

lo. 12, aid e0Dt1Ne4 u. t1D41aca M4 obsenaU.a et ta.-1 

.....Saa'leu ot tM 'fal'lou 11011p•• 

DaLB RO. 12 • *-ber ot .,.. ~ •' poet ..n. 
of Oal'fttl 1a aa,erS.aellt B. 

I I I I I I LU I I 
• • • • • • m I I 

• • I • I I • • • a • 

: J) I • • •• • • • • .8 g • • 

f 
• a ... .... • I • • • ........ • • • .... • 0 ... ~ 0 «! • • ~ 

I ,a • ~ 
I • .... : .J • 

t • • I t • ~ • .... 8¥ 
.£1 d . -~ • I • • I • ,.. I u a a 0 • • • I. • • • • •• • • • • I • • • I I <:> • I .. I I •• I .. I I • • I I • • • I 

I 1 1a16 • 24.?.~· s I - • 4 I 2 • I • • • • • t I I 

• •• • 1290 a 26.?.S6a - I 6 • - • 22 • • • • • I • • • • • 1329 a 26.?.S6a - • - • - • 98 • 
.I I I I ·- I I I I 
• • • • • • I • • • 7177 • 31.?.56• 29 • 1 • - • 1 I 
I ' • • I • I • • •• • 7178 • 31.?.561 9 I 10 I - I - • • • • • • I • • • • 7188 I 31.7.561 d • 9 1 .. • - • 
I I • I I I I I I • • • I I • I • • c • I 7193 • 8.8.S6•· 30 • s • 5 • - • 
.I I • I I I I I • • • I • I • • • • 7262 • ).8.S6a 742 I - • s • 2~ I 

• • • • I I • • • D • • 73S3 t 7.8.J6• 900 • 1 • 10 • 19 • • • • I I I I • I • 1315 • 8.8.S6a 42S • ,. - • 0 I 58 • I I I I I I I I 
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71. 

e. EX,W;IIetlOI Ol QML !!MYU • 
~he rea~ta ot tbaae exaaiaatloaa are •~aaar1ae4 

ill falU.e Bo. III ill the &}Jp•dtsJ lame of all tour a••ra 
nre reooverecl partioularl.i 1Jl Jla.r'ol&. 

4. L,YVA§ l'tffi l'OQD Ol IWf!AGE. 

TheH reau.l ta are au•Mr1••• 1A !a)le Bo. IY ill tile 

&RpeDdix. It will 'H not1oa4 tba' liU"'f'u were reoonre4 

1A larp nllllbera · 1a Pelmla17, Maroa •• up 'k the 24th of 

_April, partiou.larl.J ia Plot 1 ae.at to tile kraal. Lanal. 

reoo"-"1•• 1a 'b• wiater ........ were -nr7 apora41o. 

•· f&§YAILll@ CLI!A!Ig 221l?IUOIS• 
tuae are aao• 1a rta. •o. 1 aad tallle lo. 10 

Hea..t ratatalla were reoorda4 1a leDruar,J aad Maroh leaa 

raia 1D. Juau.a17 aa4 11 ttle or 11.0 rain froa Q.ril -.o _,. 

Kraal -ure aad p-a~~a "r• .ore heaYil.¥ 1Jlteate4 w1 -.ll 

larYae ill tile aoataa wllm raildalla were pod aa4 oalna 

aaowe4 eY14enoe of iaoreaaacl •u aO\Ul'a 1D taeoea exaahaaHon 

a IIOilta or eo alter raiAa kacl akrted at tbe •• of leltrual'7. 

W'"!ALI MP mw.oa. 
1. !be .... pa44ook, Uaal aa4 oal.t pua ware llaa4 .. 

1a tiM preTlot&a u~riaaat •• oalf faeoaa, kraal -u-e IID4 

,raaa axaatnation waa oarr1a4 ollt aa aent1one4 preTioua~. 

Oliaatio data .,.,ere alao raoor4e4. 

2. lavoclu.otioa ot oalYea iDM the pooupa 1a ihia 

experiau.t - caarr1e4 ou.t 1Ja a 41tferut taahioa tb.aa ill 

ex.,tiar1-• •· Cal Yea ••r• no~ aTailable troa 'b• larp 

'bree41Jlg aercl Oil "h• a'\atioa ill tile IUliRla NUauae the 

're•41D& poliO¥ ai ~•4...-lak._ oal1 aada proYiaioa tor 

· a\llaMr oal riac· !be autb.or, bo .. nr, bacl Mea &1 nn 50 oowe 
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to., aao~r uperillat 1a April et tile prenoua 7ear. 

two tMlla wen allowed w rua altel"'l& teq •1 til tbe oowa, 

eaeb M&ll 'Miq wit!l tu bart tor oae •a.tla aa4 rea~ tor 

'lhe tollowiq IIGil'Ul lllltU l-•17• 1956. Tbia let to 

irreC'l].ar eal Y1ac ot tile "" onr a per1o4 of aearl7 an"eD 

aoatlaa (i.e. le~-!epteuer, 1956). A'l \i.rtll the oalna 

"" 1atro<lUM4 iato tbe 'Yarioua pou~ •• raa with tJ:ae 

oalYea 1a •a. ~eu ••iHiri ... 'ia •d " tlae tt.. tlla 

prevtoua ex~ri-M (.A 6 .1) were aro\l&llt -.o a ooaoluaioa 

75~ of the oal.na v.••• 1D tbia ex»eri .. t "" alreaq bora 

aa4 plaoecl 1A 'ib.eir na~eoU.Ya arou,P8. 

), t-v-au oalYea wen ""4 1a tAt.la eaper11MDS, 

41 Yictecl 1ato tl" I""P• J tlave were t1 •• aal na 1a . eao.ll 

pooap, a,Put fi'OII -""» 3 1a wbioll tilan were au oalna. 

!be 41Yia1ea 1ato crouP• 1 to 4 aa4 trea ..... ta were tbe .... 

aa 1a prenou uperi ... ta. Clro11pa 1, 2 •• 3 were tae 

- aa pou;pa A, » act :D 1a ax,peri-t •• wbU.a CJ'O'&.P 4 - a 

4llplioat1oa of expar1Mat A. 

Clzoollp 5 waa a ••• croa»• lin oalna were ooaf11d 

H !Jw yftt!tf krMJ. aloaa witll eal••• 1a p-oup 4 Ina 

7 •·•· lo 1 R••· p4 •&tout l9 gokle 91 P•J.r «·n tit£!. 
l£!1 2 R••• to 7 •·•· '"r 1F!!t4 w1tb !b! 1g(tl!t4 atook.J&4 

oalna 1D ~up l t1 'it 1&(ta5t4 Ht4dook. tbeir 4aa8 

~Mt alaewb.e.n. TA! 1\&11 4e.Ua of the 41T1aioa iato 

crcNP• ia abo• 1a fa-ale •o. Y. 1a tbe appeacU.x. 

IOU• .Dale to iU uortace o~ oal.Yea, tb! a~;»roaoa 

et will\er ooaclit1 .. aa4 the taet tbat oal¥tlo oalfta lleoaM 

a11417 ildeatel in e.x,pariMil t • 111 tae 0011. vo1 croup 

(Grota» C) it - tel'$ 'tbat ao 11 .. 1\11 o8Jeot •llld H aerft4 

1Jl ooa tiJuliq w1.a a ataUar pooup 1D tbia ezpezoi._t. 

4. Pov oal Yea <•o' •. 7176, 7207, 7114 •• 7l7t) 

•••• -. .... 1ateaie4 1a experi ... i I .. zoe aot alaa&btered tor 

peat •r"ea ill Jul3 wb• •h• otMz' oalYea ill "laat 
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tlt,PeriaeDt wen auto11a1ed. t-., were kept to aot .. 

1ateate4 atoet alQDC with the o~r 1Dteatet atoek ... t1oa•• 

ia experi.MDt A Wlcler aaterl.ala aacl M.Uda (1 ... 2), 

f1M7 .raa w1 til the o14er 1afeate4 aMok 1Jl tu pa•dook •4 

kraal ... nll&iDed taere \UIUl. J11V ot tu followiDc .rear (1957), 

WUI!B'Nc OMQWIO••· 

!118 ez~riMiltal per1o4- troa h~, 1956, 

to l•llal7• 1957. tu ftrat oalt (ns. •o. 8217) _. 

'om • 29.2.,6 •• tu l .. t J.-'Oat •.ri- carr1e4 out oa 

)0.1.57. ••pt1n eal.na were, MnYer, diaotaar .. 4 oa 

15.1.57. Ia a4d1t1ea _poat •rwu nre &leo oarrie4 out 

ia Ootolter •• •owalM.I". 

(a) pJJILQDIG Ol 1JDS14191. 

Gro»P ~, - Pin u+area oal••• e0Dt1ae4 to tbe 

iatoate4 kr-.1 aa4 dJao•t ealt 1*1• 

(Reaul.ta ••• lie. lo. 5) 

ot tM fi •• 0a1 ve• 1a tlt.ia crouJ oae (ao .8237) llora 

1a Jlaru •- poaitin oa taeoea ••••":aat1oa 1a the w1Jater, 

•a ooata naob.iac a peat 1a Ooto'Mr aat lonaMr. fll1a 

oalf wu ~sJa-.red 1a •oYea'Mr tor poat •rt••· f.U 

klaao. et the CN\lJ we.re ltora troa Jv.J.¥ to SepteaMJ." •• 

oall' tb.rea ot tile ealna .... 1111417 1ateata4 1a tU 8UIIMr 

the ... 1aua •a oouata tor all¥ oalt 'MiD& 21 •·»·•·· 1a 

Calf Je.8141. oae oalf ... aopt1n tbroqbOllt <•o.8144). 

I.ar#al oul w.na of tile oalt abow1Jac 1ateatat1on ill 

wtatv were ;pn4oll1a•U7 1 1 RiJ.t)oJo•'"• wbile is ra41•'P 
... tile aoat eo- l~ apeoiea reooYere4 froa oul tvea 

of oal.Yea that HOOM iateeM4 i.a haMr. 

Gng I• - J'in auokllq oalfta ooat1ae4 to a 

ooaorete tlooret! p!D.J the 4- were kept ill tlw 

tateated kraal troa 1 •·•· to I p.a. 

(aaauJ.u ... nc. ••· '). 
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Oa1.J two oalna Mm 1Ja Maroh ill tbia P'O"'P l»eo

iatea'-cl tbe otber tbree Mia& Dapt1Ye tJaroupoll't 1.e. 

oalYea -.ra troa -., ua•il le»'taa-.r. !be -.o 1ataa1et 

oal na bad WQ low au oouata .reaoAi.D& ~•ir peak 1». 

OotoHr wllea oae oalt ••- aeptin the otJiar Millta1Dtns 

ita ia.featatioa WltU alauchtere4 1a lonaber. 

Lanal CNlturea aaowe4 a pnclo•taMt I• phJ.tftJt•• 
~eatatioa. 

CinMJ.l 1. - Six auoklt.ac oal.Yea ooatiae4 to tbe 

1Dfeate4 pa4dook. 

(Beaulta ••• 111. lo. 6). 

1'wo of the au oal ••• 1D tbia croup 'Mm \efo" tae 
•4 ot llaroll 'No- iateat•• at 6-7 weeka ot ap, their 

aa; OOWJ.U ria1Da uatil June aa4 thea fal.l1Jac to aow 
•other riae 1a Oe'MMr u.4 lonaller. tuae two oal.ea 

were al•&ht•re• at tlle ,P4tak of tuir •a prodllotioa (Tia. 

loa. 8227 A 8129). !u o'\Mr two eal.Yea ltom 1a S.pt•lter 

~ CN.larea froa tM oal••• tat••••• 111 auwa 

allowed tile ~·••oe ot 2ftt))!£1t au. at tirllt, tol T .. d llr 

a. plyti. ., AM4PI•t 1· Rl.ani •• 1. Ril•Mto=p were 

»r•ctat•••· Q r•*t'MI waa diepo••• t.a Sep'Maar. .I.arftl 

CNlW.Z..a of tile two oal.ea tbat ..... iat'eat!cl 1a tbe R~~Mr 

S.adioaM4 the PH••• of 1. Rl.Wi •• 9ooptria •U• 

imp t. - 1'1 n nokliq oal ••• MAftaed ~ tiM 

1Ateate4 kraal •• aclJao•t oalt pa. 

(B.e.W.ta ••• He. ••· 6). 

Ul f1Ye ealyea 1a thia p-otap .. re 'bom 1a JlaroJl 

•• all of thea -. .... 1ateate4, tbe •e& oounta abowtDc a 

aharp riae ill Juq tollo"4 'r .ao'Uutr peak 1D Octolter. 
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?7. 

However~ two of the oalvea beoaae ••&ative 1a October and 

llovea'ber {loa. 8231 ct 8233) a ia oae oalf (lo. 8231) tbia 

waa aaintaiaed until ~e ex»eri-.n' waa ooaoluded, while tbe 

other calf (Ro. 82JJ} acaiA beoau _poait1Ye 1D Jeoealter and 

.raauar1 al tb.ou.p the •u oo\lllta reaa1ae4 at a low level. 

L.U'Yal oul tl.ll"ea ooaaiatecl alaoat en "'irel.¥ of 

1. Nil•lfo)oN in tbe winter lR.lt 9. ra41a~y and o~er apeoiea 

of larYae were &lao reooYere4 froa faeoea of lo. 8233 1a tbe 

•~r. 

6/6/56. 

k 
G£oup 5. - live oalTea taat auokledfad were 

oonf1De4 to the 1nfeate4 kraal troa 1 •·•· - 2 P••• 

aad srased in tbe 1Dfeatecl 9&ddook troa 2 p.a. to 

7 a.a. !be 4aaa srazed elaewhere. 

{Heaulta aee lie. Bo. 7). 

fbe oalyea in this arou.p were bora troa 14/4/56 to 

Tbe¥ were necative tkro~out tbe winter but all of 

thea beooae iafeated witbia a abort period of each other troa 

£&1 oounta aaowed a atea4J 

riae ~til the ex~eriaeata were ooaclu.4ed in JanuarJ. 

Lar~al oW. turea reYeale4 tbe llreauoe of Cooperia app 

1a1t1all7 which were aooa followed -, U. plastil 

Q. rtfia)y oa.ll' .. de ita ·~~arlllloe 1n Juu.ar,. 

(b) -EQSt !Od!pl iH(8UJ,f8. 

(o~ !a~• •o.lJ). 

lroa tbe reau.l. ta ~••4 1a !able J,o. l) the 110at 

atr1k1Dc obaerYatioaa are tboae aa4e on oal••• Ro'a.8227 an4 

8229 (Group )). !ltao~&b all tour apeoiea were recoYere4 

froa tbeae oalYea at poa' aortea, 'h• ~reaeaoe of iaaa~e 

a. glaot1 woraa ••• ~ar-ioYl&rl¥ 1a••r•a•1ac. The t1Ddiaa 

ot the•• iaaature woraa led to alau&hteriD& of oalf No.8245 
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which had 'been necaHve on faecal exaaiaation. Thia oalf 

1a •Rite of dili,cnt ••~oh, 1nolud1Ac aicroaoopical 

exald.na -.1oA of 11\lcoaal acra~lqa ot the alaoaaaua, waa 

neaat1•• tor paraaitea (!able lo. 1)). Aao'-ber oalt 

<•o. 8248), in •bi• croup 8&4 41ed ot toraio oolon in 

;:ieJtea\er and waa a1111la.rly neaati't'e at post aoriea. 

Both th••• cal••• were -ora in Jul¥ aad Aucu•t rea~ect1Yel1 

(Table lo. TiD tke appendix). Tke oalYea that abowed 'bo'h 

aatw-e and 1-tur• ij, plaot& woraa at iJOat aor••• were bor:a 

1A l'eDr\lar7 ud :.arch (Table lo. T ill •ne ·~~41x). The 

reaai.Jliq two oal•e• (ao• a tl251 aDcl t5252) iJl this croup, 

bora in 3eptea'ber were aeaat1Y! for 1, plaot1 ~til tbe 

ll•• of !leoealler. 

Since o&l¥ the cal••• tbat were ltom "Mtore .a&e end 

ot Maroa ahowe4 1-Nre wora •' ,poat .ortea 111 Ooto'ber aa4 

Boyeaaer, whereaa the ot~er cal••• under ~daotioal oon4itioaa1 

lM&t bom later allo .. cl ao wora 1nfeaut1on either b7 faecal 

ex .. iaatioa or at ~at .ortea, it would appear that ~· 

1-tt.Lre wo.raa had lteea aoq\lired »rior to wiater and ha4 

reaa1ne4 1 ... tare ~til \be ~oat .orteaa were carried out. 

lUrtbarwore fiye oal.,..a 1D cro~p 5 ~m troa ARril to June 

were necat1Ye for §, plaot1 ~til the end of Deoeaber. 

!beae oal.,..a araaed 1D tbe .... gaddook •• tboae 1R group ). 

Their free4oa froa iafea,atioa .. ~taatiated, ~· .u~poaitioa 

~at the pad4ook ••• tree of tateatation troa April to 

Bo-.eal:t!r. 

(c) IXAJII!!AJIOB Ol QML MA!WD• 

Theae reaulta are auaaar1ee4 ia Table III in the 

ap~endiz. ~ .. were oona1ateDil3 reooyere4 troa kraal 

aanure in Marob aa4 up to tbe 19ib of A~ril. lbereatter 

reaulta were iaconaiataata froa the ~4 of •o-.eaO.r 'o 

tbe earl¥ par• of .Juuar¥ 1 larYae were reoo••r•4 eyer7 week. 
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I I I • • I I I 
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• 3 • I 8245 a3l.L:..56 a - - I - I - I -• I I I 
•661 

I • I 

• • 8229 114.11.561 97 • 9 • 6o I -I I I I I L I -
I I • • I I • I • 8230 a1.11.5'61 - I - - I 27 • -
I • I • I I 
I 4. 82)2 113.11.56• - ' - - I 74 -• • • • • 8234 a1S'.ll.S6a - • 1 - 32 -
.I I I I I • • I • I 
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• 1Jielwl1na SO I-ture I• plaqei. 
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c. .......... . 
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t'..Lo 

( 4) 1e4i!AI J:iij roap 07 lWIMII. 

!a••• reaulta oan be ••en in Table Ro. IV 1a tbe 

The ~erio4a when 1nteot1.e larvae were aore 

~laatitul were aiailar to tboae aaa'1oae4 wader kraal 

aanure inYeai1cat1ona ~~i the awa.er geriod ... ahorter1 

ooneiatent re•~•• were only obtained tor three week• after 

tbe 20th ot XoYeaber, aad. rarel1 'hereafter uatil the end 

of l anv.a.rJ. 

the 4&117 Tariationa 1a the ol1aat1o oont1\1ona will 

be notet ill 1'1&•· lo. 1 A 2 and ibe aoaibl.J raiatalla tor the 

~riod ot tlU.a exper1Mnt are 1aol\l4e4 1a falale lo. 10. 

I i will N ao "•cl tba t tile onl.1 11011 tau. the rainfall 

exceeded 50 ... 1n tae ex~er1aeatal ~riod .. re March, 

Deoea'Mr 1956 aad Jan\l&r¥ 1957. 

K@lfUAltS MP Pti9.QS. 
1. fbe eaae .Paddock, kraal aad calf pen• were u.aed 

ae 1D ~renoua ex_peri•enta f sr••• ••• a1a1larl.)' ezaailled an4 

oliaatio 4aia reoor4e4 dai)¥. 

2. !birt1 liTe oalyea were uae4. !hoee born troa 

Jl/l.0/56 to 13/ll/56 ~•r• confined to oonorete floored ~-· 

at birth and »laced 1D their Y~o~• ,rou~a oa 13/11/56. 

Oal••• ~ra after 13/11/56 were t .. ed1ai•l7 plaoe4 in thetr 

Tarioua aroupa. Br l)/12/56 all \be aroupe were ooaplete 
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82. 

Intoraal1on ot lbe date oalvea were ~ra &ad plaoed iD ~upe 

e"to., 1a C1Yen 111 'fala.l.e lo. VI ill "tae &ilj.iUdix. 

con,aiaed f1•• eal•••· 

.Kaob ,;roup 

(a) Qroupa 1 ~ 5 were the aau u Groupe l h 5 

CalYea ot a1a1lar &J"OUJ)a 1a 

IM»'tb ezgeriaen'• ran -tocether LLil til ~· end of 

Januar1 wbeD ex~erl..at C wu ooaclude4. 

(b) G~up 6 tbe ooatrol ,rou~ waa a 4~~11oa~oa Gf 

QrouJ 0 1a ex~eri .. a't ~. 

( 0) j)roUJ 7 I ,~. oal ••• ill thia aro~.P ••r• CRP£11•• 

Sg a fllt Mil •1\i 1 911orelt floor near tbe 

dope U4dt£f W8f! !1fh!4 )!fO£! tQe OalJe! !!f! 

fl,lowe4 M 8\lokl! ,, 7 M M4 a •• Tbia waa 

re.-r4ed aa aa add1S1oaal ooatrol ~up. 

). fae.oea OOlleo'tioaa .. M oarritd 0\l\ U ¥reY1oualJ 

4eao.r1 lM4, latl 'b• lalMlraSor,y -teobaiqv.ea wen •d1t1e4, 1a 

that 40; au~••• aolu~ioa waa •••• tor botb oeatri~tioa 

aDd •a ooualiaB iaate .. ot z.so4 aa4 ft.Cl aolutiou. 

Jc1a were eaa1tr to ••• a1oroaoop1oall7 aad biaber •as oounla 

were obtained when auokroae aolutloa waa ooapare4 witb She 

ltCl aol~S1oa oa \be aaae teaoee. 

were tra»ge4 in t!ae ealaion after abaktac wb• eu~o•• -

uaed, D\lt with 'h• a~41'tion ot a l1,tle ..,1 aloobol •hi• 
waa onrooae. Beton ooua·U.q it ... eaaa.t1al tbat 

alidea \e lef't tor •' leaa• three alau••• to allow the ega 

LarYal ex .. 1Dat1oAe were carried out 

ae deecr11M4 ~rertou.•l¥• 

4. !be exu1aa't1oa of kraal auure waa oarr1e4 out 

•• '•fore un'til Pe~arJ. 

ao41f1ed aa tollowa. 

Tbereatte.r tnt ••oiiBiq\le waa 
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a~. 

(a) Manure waa collected aa cleaorilMd prerlouell' -

(l'l) lpeoiaena were 'bro41Pt to tbe la~rator7, har4 

lwape broken in 'o aaal.l pieoea, aa.d eaoh •1>41c1ac 

tboroqb.l¥ 111xe4a 'wo ... plea weight DB 50 grua 

each froa eacb apeoi .. a were plaoe4 in ••»&rate 

laeraaD tunnela. 

(e) 'fweat7 sr•• ot the rea14ue ot each apeoiMD were 

taorollPJ.1 uxec11 50 craa• ot tllia ai.xwre were 

well ailte4 wi~ 1,000 ac-.1Ya 1Dteot1Ye larYae 

aDd »laoe4 in a Baeraaan tuanel to act ae a 

con,rol. 

(d) The larTae were oolleoted, and exaained witb the 

aioroaoopical ieobnique cleaori'-cl in ~reYioua 

experiaenta. 

(e) ~ll• nua'ber of lar'YM per ka. of aanure nre 

eati .. ted uaing the aaae to~la a4Tooate4 bJ 

!.rlor (1939) tor , .. eati .. tioa of lar.ae per 

llt. of herbap. 

5. LarYae aclberia& ~ -.a. teata of oowa ancl baira 

at the a... ot tea ta were recoyere4 in 'IM tollewillc faahioaa-

~~· "-•'• and bair at tbe '-•• of the teata of aix 

aowa in the 1ateated Kraal were wiped ott w1 tb a 

aterile aleth iato a reeentl1 boiled ooatainer. 

fhereatter another aterile cloth waa uae4 to waab 

tbe teat• 1ato aaother aterile ooataiaer. Jotb 

d17 aaterial aAd teat ... Aillp were plaoe4 1a eeparate 

Baeraaan fUIUlela, larYae oolleoted an4 examined in 

the aaaner deacr1be4 pre~oua17. 

UPEJl1MEI!4,L OBS.YYWOBI. 

~be exgeri..atal period waa troa ll/11/56 ~o 20/5/57 

(a) li!JLOPIIDT Ol' ll!!JS!WOJ. 

(froup 1. - PiTa haad-reare4 oal.Tea eonfinet ~o tbe 
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1Dfeatctd kraal and adjacent calf l*l• 

(~eaulta aee ?ic. Bo. 8). 

Inteatation Jeveloped ex~eael7 alowl7 in tbia croup 

aDd oAl.J atier ll weeka 1a the experiaut wen all the oal vea 

1ateate4. Oae oalt died of hoven on 27/2/57 aDd onl¥ a •1Rcle 

llookwora waa recovered froa it. EM oounta reacbe4 their 

peak in Marob aact -~ -aae end of April two of tiM oal. vea "" 

nepti'ft. 

:geD're:~ of KeMtodea. 

Group i• - •1ve auokliag calvea oont1ne4 to a 

ooaore'Ce noored peaJ tbe 4_. were kept 1Jl tbe 

1afeate4 kraal ha 7 •·•· - 2 P••• 

The oal vea iD thia group re-ined nept1Ye tbrousb-

out ucl were 41aobarp in MSJ'• 

(i£0UR ]. - live auokli.Jl& oalYea ooDfiDecl ~ tile 

1ateate4 »&ddook. 

(Reaulta aee Pig. lo. 8). 

Wora •u• were noticed ln '\b.e taecea of two oalvea 

a1x weeta after tbe ex»er1aan1 oo...aoe4; four weeka later all 

tu calvea "re infeatecll eu oouta reached their ,t.Jeak at a.. 
f 

te• .. ua, 'to ~all tbereatter W11ill tb.e experlMJlt wu oonolu-

4e4. 

Cqogoria '«R· aacl a. pltot& larvae were the flrat 

a})eoiea reoonred froa ctultu.rea aa4 oal.7 towarta 'She end of tile 

experi ... tal period were l&rYae ef Q, rat1til' .ad 

J. ,eb1eftl0El!l reoovered. 

group i. - .Pi Ye auokli.D.c oalyea ooatlaet to tale 

1Jdeated kraal. 

(ae8Ulta aee lie. Ko.S). 

laleatation deyeloped •er7 alowll 1a tbia ~up, 

onl¥tlo oalvea beiDa 1Dteate4 after tbe tirat alx •••k•J 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



260 

24J 24-0 

II 22 220 
GROUP 1 GROUP 3 

2oo-l 200 I \ 
--MEAN E.P.G. -MEAN E.P. G. 

180 180 

160 160 

140· 140-

120- 1'.?0 

100· 100 

::;;80- 80 
< 
Cl< 
tj 

c:w 60i 
~ 

6o1 I 

8401 40~ I 
:..: 

201 

2:1 .~ 0 

~too] 
I~ ~: 

nnlliiEJililnll.il 1001 nnnnnnn nnnnn~~~~~~~ 

!;5 
n•••IILI. 80~ ~1;1~11111111 111111111111111111111111 5; 80 

..J 
< s; 60~ •• 1::111 11111111111111 60~ t::1~J:1HIIIIII t:lllllllllllllllllllllll 
< 
..J 

~ 40~ n11 ~II ~F::II::H !Ia~ Ia w~ t;:::lt;:lt;:::lj:::j~f:::lll laE:IIIIIIIIIIIIIIIIII::lll 

!Z 
:ll 

jG20~ Ull ~H~ fsH3 F;:U:~ fa~ ~ 20~ 1:31:::1E::l~~t::1t::l 1:31ae:t~lli:::ji:::j(::31alaE:IE:J 

f 
0 ·~~~~~~~~~~~~~~~~~~ OJ ~WIIWIIIIII::IIICI::JE:;.J k:l..::~c:;a~:;.~~'-IL.oiiWC:ICI .. IIIIIll .... 

NOV.56 DEC. JAN.57. FEB. MAR. APR. MAY. N0\!56 DEC. JAN.57 FEB. MAR. APR. MAY. 

2411 

220-' 

GROUP 4 
200 

~- MEAN E. P.G. 
180 

160 

140 

120 

100 

80 

60 

40 

20 

0 

ill B. PHU:BOTOMUM 
I o. RADIATUM 

1 ~~~:·, .. 
' ' I WEEKS 

100 

80 ····· 

60 
,:~-

40 

20 

~-·· ... .. ~ ,;: 
~;;l[:.: 'j I·• 
~j 1~.:: 

·~: 

': ~ 

OJ t;;J~I:::IE:l!ata ~I:::IE:llat;~t;;Jt::JI:::I~<~t:Oit;~ WEEKS 
i I 0 

NOV.56 DEC.57 JAN. FEB. MAR. APR. MAY. 

FIG. NO. 8. WEEKLY MEAN EGG PER GRAM COUNTS & LARVAL SPECIES VARIATIONS OF GROUPS 1 3 & 4 

ro 
01 . 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



aev~r reao~ed a hilh level altho~ a ali~t ri .. ••• recorded 

a tew •••k• before ihe taraiaatioa of ~ axperiaent. 

LarYal oulturea at tirat ~ aonta1Ded CooR!r1a IPRJ 

tbeae were followed -, H. RltQtil a few weeka later bf 

•· Mhl!WlO!Y aad tinall¥ v. rad1asy larTae were alao 

.vreaent. . 
11\. 

Q.roup 5. - 71n oalYee tbat auokled/aa4 were 

ooafinecl io tbe 1ntea te4 kraal troa 1 a .a. - 2 p. a. , 

and ,rased in the 1nteaied pa4dook froa 2 p.a. -

7 •••• n. d ... grasecl elaewhere. 

!he infeatation of oalvea 1D \bia ~oup were firat 

no,ecl in \wo oalvea after five weeka; witAin another aont~ 

Ra& oouata reached their ~·at 

after fourt••n week• and tell slow~ Yntil the expari..n~a 

were ooaolu4e4 1n -.,. 

JUt. !he .. an ••P•I• oounte ot tbia p-oup were aore 

tbaa 4ou'ie tboae ot an7 o'ber 1Dteate4 croup. 

Cooptr1a IRR• larvae were tbe tir8t apeoiea reoo

vere4 in oult~•• aa4e on 18/lZ/56 troa '•o oalv••J owl~~@• 

J. Rb1t)O!Otyl l~a• were recovered troa oal~~•• o= 7/l/57 

sad 28/l/57 r••~•o,iv•l3· 

!irO!,!p! § pd 1. - Taere were 5 oalYea ill each group 

ooat1De4 to ooaarete floora. 

croulJ ........ band reared1 'he latter aackled oa 

»r•Yio~•l¥ waabed uddera. 

Calvea in ~beae &rQUpa .. re aecat1Ye t~oulbout 

ud were diaobcre; .!a1n Xa7 at the oonoluaioa ot ~be experiaat. 
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FIG. NO.9 .. WEEKLY MEAN EGG PER GRAM COUNTS & LARVAL 
SPECIES VARIATIONS OF GROUP 5. 

Page 87, Figure 9. 

'N.here the key re~s: 

It should read: 

0 0. fu.\..DIATUM 

I H. PLACEI 

lo. RADIA'roM 

0 H. PLACET 
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8P. 

(11) N:jl IOMt.Q! iiESUL'rl. 

!heae reeul ta are au••ar1aed iA !altle •o. 14. 

Apart troa Oalt Jlo. 14 tbat w'llor\Uilawl7 d1e4 of 

hoYU 1Jl J'elu'Uarl, all the oalna whoa• teaoea were poaltiw 

It 1a noi 

neoeeear,y to ela~ra-.e on 'th••• reau.lta, aa ibe '-llale olearl.J' 

tftdioaiea tbe ••••r1t1 ot inteataiioa 1D the Yarloua aroupa, 

.ts. Groupe 5,3,4 aad 1 reaveut1Yel7 1a order ot •••eri". 

(o) p;w•AtlOI or HML JUI!lM• 
!be reaul•• ot ibeae iDYeaii•a'ioa ~atag \De old 

teobllique ua'il tbe ctn4 of JaD\&UJ are au.~iead ia !altle 

eYar,J week troa apeoiaana oolleoied troa ihe end ot loveab•r 

to tbe a1d4le ot JwAU.UI• 

7roa Je~ary 'be .o41f1e4 ~·o~iq~• aa 4aaor1)e4 

earlier ... ~••• aad \be re~l'• are 

out 1a the ~er1o4 5/2/'7 to )0/4/57J the .... auaber of 

lanae per X& ot kraal aanun varied troa 0 to 986. 

(4} LMJ:,Y 6+6 ~'OUI;? 91 HiWM@• 

!a••• reAlta le. IY 
1D the appea4u. 

I11facti ve lUYae were oaJ.¥ reoovere4 tro~ berbace 

trrecularq 1n Moveaber aad i.)eo .. lHar, aad troa :relt.ru.arJ 

'o .lprU. 

(e) lt&OOVUf OP I.NIIOTil.! LART U IJlO. fBI· 
UA'rS QF COWS r 
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ro. 

!ABI.i 10. 15 • Intect1Ye lanae reooverecl ti'OII tbe teata 
or cowe tbat had been cont1ne4 to tbe lD

'"ttcl Hll1 ,,. 2 •••• to 2 P•'• 

I 

• : li 
• d • 

.. _ 
: I I ! 
I f:'::l I 
• 3 g • 
• • • I Q I 

.a I • • 122/11/56 • 
I I 

1)0/111-. • 
I I 
• 51121S6 • 
• • 112/12/5'6 • 
I I 

I I 
0 I 0 I 

I I 
2 • 0 • 

' . 1 I 2 I 

' . 0 • 0 • 
I I 

• • : 

-
-
1 

-

• 
I 
I 
I 
I 
I 

• I 

• f 

I 

• 
I 

• • I 
l 
I 
I 

• ..... • Cl 
ct ... 
• Ia 

-
1 

1 

-

a 
I • • 
I ~ 
I cs 
I :a 
I • 
a ': 
• 0 
I 

• 
I • 
I 
I 1 
• 
I -

' I • 
I 

I 

• I 
I 

• • • • • I 

• • • a 
• I 
I 

• ; 

• .. 
--
1 

-
soae or tbe rewlta ot tb1a eDIIinatlon an ahown ln 

!able lo. lS. SeYeA tu.rther eXUl!Aat!oaa at Hekl7 lntei'Yala 

after l2/12/S6 were necatlve aA4 an not ahown. However all 

I 
I 
I 
I 

• • 
I 

• • I 

I 

• • 
I 
I 
I 
I 

' I 

, . apac1ea of 1nteot1 Ye lame wn reeovered tJIOII the teat. aa 

sboWD 1n tbe !able. fhla point tbat larwaa can adhere to teata1 

MlDC pn..S, lt ... not nee-••17 to continue W.a ax.alnatioo. 

(f) £i""L1MQ CL™AiJC CQipltiOII, 

Da11T Yal'laUona in cltaatio con41 t.lona are ahom in 

P1pre Mo. a u4 aootbl7 ra1ntalla an 1nolwled 1A table WO. 10. 

!be Wal ralatall t1r011 30/lO/S6 to 20/'J/'Y/, tbAt o•plata pariocl 

oYer whiob tbla espertaea.t wu oonducted1 waa 290.2 -· (11.43 

inch .. ). 

(I) til& EF!r'IC! OF RAIIWALL vit DB !IWWSMISSIOI OP 
Y§i ifl figSIS. 
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~,. 

experiaeat laepn to aiu.q the etteota of railltal.l oa the 

traa•a1••1oa of vera1Do•1•1 tor tbe tollo•ias reaaoa••-

(1) Prior 'o tile oo-oeMAt of thia ex_per1aea." 

oa 13/ll/561 oonct1 tiona were ver1 dry an4 oal.Y 13.4 - aa4 

18.3 - of raia ba4 lteen recorded tor 'h• aoa•ll• of 

SeptealMr and Octo lMr .re•~•o•1vel.7 ( !alale lo. 10) • 

(2) The ,preaeaoe of oalvea bol"'l ill the w1J.lter 81l4 

Oal"ll a~riaa wb1oll wen atill WOl"'l tree wbu. tllia ex,peri-t 

oo-oe• aad rell&iaect wora free oa taeoal exa•1•at1oa uatU 

t!ae 18th ot Daoeaber (Exper1aeat C). 

(3) !he 1Dtroduot1oa. ot 26 anl7 Hftlt oalna 

Niwe• l:J/l.l/56 act 21/11/'6 ia a dr7 period, ltefore tu 
~r raiaa 'M&Ul oa tae 2211.4 of lona'ber. 

(4)' !u taot tllat eo• Gf tbe wora free oalna of 

tb.e }iNTioua experiMJlt ( 0) aa4 a few aewlloftl oal ••• ot til1a 

ea,Periaeat (D) lHtooae poa1t1n oa f .. oal ezamnatioa, oa 

the .... ._,, aad with tbe a&M aaooeaa1oa of apeoiaa 

thereafter. 

tile aMYetMDtioae4 reuoaa abowe4 tllat ooa41 tioaa 

~•• baTe ~•ea tavo~altle ~ aet U.P 1ateatatioa. 

!be· .tai.wa period neoeaaar1 tor iAteotin larvae 

ot tbe 41tterent ageoiea to nacb •turtt7 1Jl 'h• boa,, i.e. 

the Pftpa'-lt _period- 1mowc (!a~e ••· 16)1 ooaMqueaU7the 

prolaable 4ate ot 1ateatat1oa oou.ld lte detvaiae4. !u 

raiatall noorcle4 after tile oal:tt. ~1rtll u4 Mfon tbe clq 

tile o&lt HoaM iafea-.e~ wov.J.d -.a.a clw tu 11110\Ult of raiafall 

••c•••&r.J• to render iafeotiTe larYae aTaila\le to tbe boat 

ill auaMra larae •o~ h ea&lM 1Ateatat1oa (!alal.e •o.lT). 

l?lSOUS!IOI. 

(a) MI'AL pswpg llltJlODS. 
fu Vu.alliaaioa u:periMD •• were ooacbao'M4 1a a 

II&D.Iler .. olo•el.J allie4 aa poaai~e to tae utlaocla of aDi-.1 

buabaadrl ~rao•1oe4 1D the diatriot. the vario~• &rOUP• 

wer4t atteapts at ••pera,iDa , •• Tarioua faoata, taoupt 'h lte 
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poaai'bl.e aouroea ot 1nteatat1on to oalna. !file uperiMllta 

abon4 that tiM aou.roea ot inteatatiOil werea 

(l) Her-.... 

( 2) ltraal llallurtt a4her.1Ji& ~ teat a. 

( 3) Kraal aanure -~ 41reot ooD"-ot• 

(1) Her-..• 
the pad4ook waa tu ••• ooaatant aoaroe of 

inteatation io~ turtac wet and ooapar~t1Yel1 dr7 7eara, 

f ·Group ))' lx.Pt• :B, u.4 Qrou.,P J k})ta. 0 eat D). At :poat 

•r••• 9• not.&n•!t ad 1, 1),1.1911 were the ••t oo.oa 

apeo1ea reoonre4, and to a leaaer axt•t 1, Miltft)op· 

aa4 o. radiag. 

!.Am..B •o. 16. Tile za1a1 ... period for iafeoti •• lanaa • 
"'oh •Writ¥ il ltl"'' .. 

I 
I lo. of 4qa \bat • I ~eeHY! lanaa I 

• require to deYelop:: a 
I to •4ul ta 1Jl oal na 1 

Speoiea • ·- pnpateat par1o4 Autlioriv. 

•22°1101 1*8!!1!1 
I I 
I u • kil!7 (1949) 
• I 

=2ii!£!i i'I~1Da!l • 16 •# o. ·-··na-• t1ou 
• Hu.oas&• .11!6111~ • 19 .lolMrta (1957) 
I 

••• 4o. • 26-28 ( anraae) .&o'Mrta (1957) 
I 

to. do, 2 14 J~a-yuw (1941) 
I 

4o. do. I 2J-26 <···~> ..,. .... (1941) 
I 
I 

• J5 IIQhew (1948) 
• a&Dst!M•• i~•)!!So•l I 52 • llqbew (1948) 
I I 

4o. 4o. • ,, I S»NDt (1946 a 
I 

o At poet .orteaa of oal••• iA upari.-ta (C) aa4 (D) no 
o. I.l!!ll'"-'' wor.a were reconre4. 

# !Uai.wa period 'Mtweu. 4oaiaa pve ow. wna ot a, f•9''P'SI 
larvae w oal na at Araoetnlakte an4 appearuoe o wona •& 
ot tbia apeoiea 1a taeoaa. !he oal••• were wo~tree 
:prior to do aiD& aDd kept uad•r wor .. tree oondi tiou atU 
t .. oe• ware poaitin. · 
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!.ABL.S 10. 17. tile a1ai5a railltall aeoeaaar;r at .vaoe4rt'lakH 
tor 1Dfeot1Y! larYae to \e preaent, 1a aua-.re 
lJlif IQO~-- 10 ipfte~ 9flJ!8e . 

I 
I 
I 

I 
a B •, 1i.o~• ·-c. ac»naM a 13.3 lr.5r-
a 1 

~ lr pltO!i I 1),) I 0.52 
I . a 

do, 40. I 42.) I 1,59 
I I 

do, 4o, I 72,8 I 2.87 
I · I 

0. ra41atwl a l).J 1 0.52 
I I 

••• iQl!.,,OI!I 42,) I 1,59 
I I 

I 
I 
I 

• I 
a 
I 

• • 

I. 
• 

I 
I 
I 

2/12/56 • 16 
I 

2/1.2/56 I 26 
I 

9/12/56 • 19 
I 

14/1.2/56 I 14 
• l/12/56 I )5 
I 

7/12/56 • 52 

• I 

• • • 
' ' ' I 
I 
I 
I 

• • 
I 
I 
I 18/12/56 
• I 28/12/56 
• I 

• • I 

• I 
I 
I 

28/12/56 

28/12/56 

7/l/57 

28/l/57 

# three al'ernatives ~Yea tor I• plaot1, ... 41•cuee10D. 

• Jrot.l SpreDt'a (1946. a) ON!rYtU.oa aboa ill Tt_,_! Jo, 16 
aot taolu4e4 1D \ala --~· - ••• 41aoaaa1oa. 

(2) Krttl •aau.re a4heriac ~ ~eata. 

». R!IJ.•NMPI lame wtre reconn4 troa lllo~a dq -~•rial 

oa aad ... .bill_. of, tiM t•••• of oowa tAt U.4 "• l¥1Ac 1a 

tu 1Ateate4 kraal (8 ta\. •o. 15). I.anae ataertac to , .. 

teata tranaterre4 iAteetation troa •a. 1at••'•d kraal to 

noklilla oal Yea 1A a aearlilr ooaorete tloon• »•• durirls 

a »-rt1CNlarl.J nt autu• {Group B • .bpt. B. ClrouR 2 bpt ffJ, 

lNt aot 4ur1a& a 4rJ -..r •• autua {Group 2 kpt. D). 
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Althou&b all a~eoiea ot larvae were recoYered froa owlturea 

(111 4) onl¥ c. Ractinata, H. Rlaoei and B. ~9l•ko'2'B' were 

recoYered at ~at aortea (Group •· !ab. lo. 12), and in a 

later ex~eriaent (C) only». pblejoto.aa (Group 2 Tab.lo.13). 

(3) Kraal •aaure ~ direct oon~aot. 

Hand reared oalYea with acoeaa to the calt pen 

and inteated kraal were predom1naD1il¥.intea•e4 with 

.B. ¥hlebotoe• (Grou.P A Ta~. lfo. 12; Group l !ab. lfo'a 13 A~ 

and only aildl7 infested with c. R8ot1qa\a• 0. radia'ws and 

il. Rltoei (Group A. Tab. Jo. 12). 

Sucklinc oalyea 1D the inteate4 kraal not onl7 

walked in infested aanure all 4&¥, but were forced to auckle 

on their d ... teata alter the cow had been 171Ds in the intee

ted kraal aanure duriaa the aornins i.e. tbe ooabined ettecte 

of ( 2) and ( 3) aboYe. At ..,oat aortea the,y bad beaner wora 

burdens (Group 4 Tab. 13 and 14) waen coa»are4 with haD4 

reared calvea iA the infeetecl call .PeD. and kraal (Group 1 Tab. 

lo. 13 u4 14). Under the illtluence of ¥artioularl1 aoo4 

rain• in au ... r ant &U.'IiWUl) one auokliq calf ( Yis. lo. 7180) 

confined to tbe inteated kraalJaoquired a heaYy aixed •ora 

( - ) b\lrdea Kxpt. A. iis. lo. 3 and tab. • Bo. 11 • 

Roberta et al (1952) aeDtione4 that inteatation 

oould occur at a very earl1 ac• throuab the con1iaainat1on 

of the '•ata of oowa, or tbro~ah tbe calvea' habit ot 

auok~C T&rioua objecta, but that 1Dfeatat1on iD tbie manner 

doee no1i apvear to be ot a11.1 a1p1t1cuoe. !hie new ... 

not oontiraed, b\lt it. aaat 'be .. ntioned that the aYerqe kraal 

in the lorth neater.D Cape and the kraal created in theae 

experiaata bad a l&Jtr of at leaat aix inohea ot aanure aa a 

floor. 

•~taoe ot the abdoaen. 

• l 
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lleklDC ~~••• and eaeh other, part1cularl7 alM»ut the a.awl. 

:rheae uab7s18Alo coDdi tiona proba~lJ clld not applJ to tbe fai'IU 

wh!oh Roberts ao4 hia oo-•rk•n ll'l"seipted aDII JMt•s1bl7 thS.a 

... not aa. lllportan.t aouroe of 1.DtH'-t1oa there. 

ttaea all ao\II'Oea ot :lnteatattoa were oo.b1Mel aD4 

ouvee ,,...... ln the 1Dteated paclclook aad aueJll ... 1A tile l.Dteat-

84 uaa11 1t ... not ftl'pr1a1DC tblntore ~at tM apmaent (D) 

ladleated meflll ea COUDU (Pll• No. 9) 1 aid WOJ."'I bllft- of all 

sp..S.es •' poet •J'tea (Grolap 5 tab. Mo. 14), UN Ua• 4ou.'-l.e 

~ otber croup. Tbla prao\lce- 'tbtlaoat ~ Mtbod. of 

NdiDC oalna ln .U d1aUtet. 

'!he proua10A of olean ooaorete tloora in c.U pona 

Mcle a big dltter.woe in tbe 1nc14eoce ot veJIIl.t.Aea1• in laaa4 

nand oalft.l. unl¥ two oalv .. Otat ot t1ve beeoae a11417 in

fested ln one uperillleat (Gro:ap c. &apt. B.) aD4 aoae ill o~er 

qpel'iJutat (oro-, 6 &xpt. D.). Uthoucb auoklS.ac oal•• on a 

olean ooacrete floor .__,_ lat•ted ln two expd'iMen.ta (Group 

:i• hpt. B. o:eup _2 Expt. c) \hie waa 4tle to tbelr ._ 171nc 

lJ'l kraal mamare duri.nc a partlcularl¥ wet ••"- aDd tbnaport

t.Ac tbe 1Dteatat1oa to tt.a ria tile t.ate. ID a dl7 -•r and 

autam \be aame 'roup d1ct not bec011e 1nt"eaced (OlWf 2 ~Qt. D.) 

nor 414 oalvea a"'kl1Ai oa previoual7 .abed Udden beoa.e 1nfest

e4 llbea upt OA olean coocrete tloon. Calf pen bJgleu.e ... re

apons1bl.e tor their freedom ti'Oil paras1 t1a. 

,,, ''tiQIAL IM'IRI"E'• 
Dwae uperill.ab 1Aci1ca ted that parasi t1a l.o oal •• 

waa eeaaonal. !>ui.na tbe awazaer and. autumn 4epen41n& OD the 

rain aD4 huabaild!'J :aetboda, stoek beoaae infea'-4 to a cre~ter or 

leanr 4egree. DuriDI the d17 110ntbs1 i.e. fi'Oia ApJ'il to No••~ 

be.r1 witt. oae exception (Calf No. 8246, Group 1 bpt. c.), a\ock 

dl4 not laeeoae 1nteatecl. . Cal Yea 
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ttom be'ween A.,ril and !foveaber (l~xpt. 0 eel D), onl7 

'beo ... inteate4 in Deoea'ber. 

Si.lloe r&iDtall. pla.Jed an iaportaDt role 1D 

renderina inteoti ve larvae available. 1D nuabera larc• enoup 

to inteat the boat, 1" .... ia.POrtant to mow the llini.ua 

aaount ot rainfall neceaaarJ, 'o 4reate theae conditione. 

In !a-le Jo.l7 three atni.ua prepatent perioda 

are •iven for u. Plaot1 larvae to reach aa~t¥ in tbe boat, 

and ueina 'b1a inton~ation a rainfall raA&e of 13.3 to 72.6 -

over per1o4a of 10 to 22 d&~a -• •ho• to lte t.tle aaount ot 

raiatall neoeaaarJ. However tbeae larvae .. re recovered froa 

kraal 11a11ure ('.table Ko. III Appendix) aDd p-aaa lMafore ttlia 

8110\Ult of rain ba4 fallen "' tbe encl of !fove11lter. Roberta 

(1957) al tboup &!Yin& a lliDiau. prepatent period ot 19 dqa, 

report• an aver11e period of 26-26 da¥• tor #. plaoei larY .. 

to reach aaturi~ in the boat. Siai1ar~ M&¥he•' • (1941) 

prepat~' perioda varie~ froa 23 to 26 d.,a. Both theae 

workera nowe4 all averap of 26 4-.r• aa the prepatent ;period. 

Since in ay ollaervat1ona larvae ot H. plage1 were diacnoaed 

in fa•o•• ool1eote4 on 28/12/56 tor the tirat tiaeJit ia 

reaaonab1e to aaauae that inte•tatlon took place 26 d_,a prior 

i.e. on the aaae dq Ooo,eeria R!oi!Bt)a lanae 

infeeted cal•••· It tba" we1'e 'tbe o ... onl.Y 1).) - ot rain 

41atr1bu,ed OYer •10 d8¥8 waa neoeaa&r7 to render enouan l&rnU 

availa~• to intea1 ibe boa1. 

In !alale Ro. 16 two ainiaa.a prepaieat period• 

ot 52 and 56 cia¥• are abown tor l!. p)llefttog acooruac to 

M.qbew'a (1948) ad Sprent•a (1946a) oDeerYationa reak·eotiYel.J'. 

a,he firat raiD waa reoorded on 22/ll/56 ai•tn& a 11 '-f 
period unill 2/12/56. 
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IA !able Bo. 17 boweYer o.Dl; 'the period pTU b7 ~hew (~948) 

waa \laed, ar&4 1\ waa aboWD ~nat 42. 3 - ot rain ,waa neoeaaaq 

to render eno"'&b 1nteo\1Ye larYae aYaila~le to inteat oalYea. 

!hie waa done iD new ot the tao\ ~a't obaerYationa reported 

elaewhere, ae well aa obaerYationa _, vther worker• 

(Sobwarts 1924 and Sprent l946b) ahowed ~t the larYae of 

tbia apeciea were ••r1 aeaa1t1Ye to dr71ns and deaaioation, 

.nd therefore unlikelJ to be aTailaDle ia l&r.. .noueb nuabera 

to inteet tb.e hoet when ozt.l.J 13.3 • ot rain bad lalla, 

whioh woald -. the oaae it the prepatent ~eriod ot 56 4a¥a 

waa oorreot. 

.loo~rnal dewa in AprU ancl Jla;r 1956 were 

extreael.7 beaT¥ and no r~ tell ill AprU uc! onJ..y 9.4 aa i.D. 

-.,. liTe oalTea born· in tbia period tailed to Deoo .. 

inteated (Calf Mo. 8240 Group 1 and CalTea wo•• 82)8, 82)9, 

8241 aA4 8242 Group 5 ~spt. C). Exgeriaeata reported elae

where •bowed DO larYal aigra'tion from dUD& UA4er the influeaoe 

ot 4•• eo that tbe o\aerTatiOD tba't oal vee tailed ~ -•oome 

iateated we• un4erataadaDle. B1ek et al (1953) aa4 aoberta 

(1957) JaoweYelj ata,ed tbat be&T7 dew wo&.ll.cl aaaia't 1a ai poa~ioa . 
of l&r"f'ae troa dung pada. Pre•ioua oltaerva·tiona (Tide eupra) 

aa4 failure of oalvea to \eoo .. 1Dtea,e4 in A9r11 414 not 

confira taeir o8aerYat1ona. 

(o) z;oc;Ut;lOliS II ~QWI ~GG COOQS. 

Wora •u oou.a.te in taeoal eaaplea roae to a peak 

troa ZW.cb. te Jla3 1D calyea bom troa lfo•••'ber ~o Jamaar7 

(rta. No.4 A lis. Ko'• 8 • 9). ~44en riaea in •as count• 

1a au-er u.d &\ltwm were noted ill cer-tain croul)8 ot oalvea 

tbree tG five week• after .. 11 die'tribute~be&Y¥ rain• fell 

(Group B A» Pia. 4). A apeotaoular riae froa a necat1Te 

examination ~be previoua week to 1,460 e.g.a .... noted 1D one 

calf (lo. 7180) on 7/l/56, tive week• after tbe rata• bad 

started in the Rre~ioue aonth (lie. lfo.J). 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



Ea oowata 1.Jl oalvea ~rn 1Jl le'llr\4ary and March 

abowed two »•aka, tbe 110at ~ro~eat one beiq 1D JUD.e and Jul..f., 

follo"d Dj a aeooDd&r7 lJeak in OctolMr and lonalter (lie. lo.6) 

Cal vee born dter the rain• bad oeaae4 at tae ucl of MaroJt, 
s 1.e. APril to Se}lteaber oalvea, and kept under aiailar coaditiom 

/1. 

did not abow 1Dfeatat1on on taeoal exaainatioa ~til •neoeaber 

and Jan\l&r7 (Grollp l lie. lo.6, aro\lp 5 11&• lo. 7). the 

oal yea bom 1a Pe Dru.ar7 aDd March therefore aoqu1re4 tbeir 1n

teatat1on nf'ore the rai.aa oeued at 1he ad of Jlarohl 'tihe 

Yar1at1ona 1A ,._ won •u ooWlta "r• due to taat 1ateatat1on 

aad no' to iatea'-tion acquired ~iR& the winter aDd ear11 

apr.t.na. 

Poat aortea reaulta 1a the w1Dt~r,a~r1nc aad 

•~r aaoqd tbat wore. •u oounta were not a relialU.e index 

et the wora ~daDa in oalvea. 

JioMrta (1957) h&a atatecla •eu ooUDta .., be 

reprded u a reaaona'bl.J acourate index of the population 

durin, the »eriod of auaoepta-1li-, to infeatat1on, ~t 

tae7 are ot clot1lat1Ul value when tae a.i~ baa aoquirecl, or 

ia a.oquirinc, rea1atanoe. In other worda, it would aeea 

that whereaa llicb •a oounta aro a aate iadex of heaT;J 

iaf'eatatioaa, low •a& ooUAta do not neoeaaarilJ 1~11 that 

onlJ a fe• woraa are »r•eent.• 

!be o baena tiona 1a tbeae experillell '• are ill 

Jloat oalyea were 

alauptare4 wben ihey were OYer aeyu. ao11tha ot ace and ha4 

been infe•••d with woraa tor ~rioda of tour .ontha or lonaer. 

so .. reaia~anoe to infeetion ~•t have aeen ao1uired •1 tbe 

hoa' ainoe poat aortea reaul ta were Ter¥ Yarialale wben ooapared 

with wors •u ooua'ia. 

~here waa one exception Tis. Calf lo. 8246 {Group l Expt. C) 
wbiob. waa 'bora 1D Jul.Y aa4 beoaae 1ntea,e4 at the ud ot 
Noveal»er. 
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(4) XpA!UaE H. PJ;,jgl :)OUi At POS't MOJ.t&D. 

!be poat aortea reaul~• ot Experiaent C re~eale4 

the ,Presence of aature and 1-ature H, ,Rltoe1 woru 1D two 

aato~aiea done in October and Novea-ar (Table ao. 13). 

!he .. areat deaor1pi1on of theae iaaa~e 

j, pltot1 •he au'hor tound 1D the litera~ure)waa that D¥ 

Roberts (1957) in his ~aper oa reaotiona of oalvea \o a, gltoei 

aa "aaall adult woraa with tew or no eaaa 1D tke feaalea.• 

!he teaalea 1a ., ex»eriaenta had no •&a• aDd •oth &ales 

aDd teaalea were aaal.l. 

imma•u.r• worm•) in the fourth a1ul fifth ·~ partioularl7 

could live 1D the ~oat tor long ~erioda. Tbia baa be .. 
o£ 

oDaerTed with other apeo1••tn•aa,odee -, varioua workera. 

(Ta_y1or and Miobel 1952 and 195)1 Gi'baon 19531 3ou.la_. 1957). 

On the other baa4,o,her worker• atated tha~ the preaenoe 

ot iamature woru at poe~ 110.rtea waa cSue to continual infec

tion (Jmnnic 19311 .llorpr.) -·arnell & ~aki 1951). 

In the deaor1p'\1on of ~eae !>O•t aortea reaul ta, 

Wlder the ex~riaantal obaerYatiODa of Ex_peri-• c, it waa 

abowa. that the iireaenoe ot theae ia ~aiLLre woru ••t haTe aeea 
due to intea,ation acquired 1n Karoh i.e. 7 .on~aa preVio~alJ. 

thia ooa.cluaioa waa drawn troa tile taot "bat a win,er ~l"'l 

calf t.roa the ••• &roup waa aep.tive at autopa;r. hr-.henaore 

aeyen o~er calYea born -etweea April and Se»t .. -.~ grastna 

iD the aaae paddoct, reaaiJlad naptiYe on taeoal ••••'nation 

tor "hi• apeciee at that tlae and tor a further aix to eiaht 

weeka. 

lour exp•rlaanta are 4eaor1De4 oa the traaa

aiaeion of Coo~trit sgp, a. Plaoti, o. ratis'll aa4 

I• phleb9SO•p to naoe_ptable oalyea reared -., different 
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100. 

utM4a •t •1M' uaND.4r7• ~•• tollowt.aa ooaoluioaa are 

ika.wna-

(1) Calna be .... ~eate4 1a tile aUM.U" •• .a-. oal.J', 

•• tall "o Moo .. iafeatetl 1a 'Ule wiAter aa4 a})rlac. 

(I) A ld.Jli- ot ll-40 •·•· •t raill ner a period of 

10.15 dqa, ia aeoeaaar1 tor ~aotin lart'U M Mooae· 

aYailane 1a --.n lar,. ...._ te lataat 'Ia• uat. 

(l) lt 1e •tao• *-' tile aou.roea ot 1afaaut1oa ana

(a) Iateata4 ber-.... 

(lt) Iateatat kraal -.rare atAeriac to oowa taata. 

(o) Iataaw4 kraal ••nra _. tlireot ooataot. 

(4) Ulffaru.t a7atau of oalf reu1.q faoili,atat tbe 

apna4 of Yeraiaoaia, aot ~ trbea raiatall iao.n ... a tlae 

aYailald.liq of 1ataot1Ye larYae lNt eTU wta• Uttl.a raia 

lalla 1a ..... r aa4 •t 1aa. Ia or4ler of tae1r iaportaD .. , 

tM -...atallioa of ••at.aoaia 1a fao111tate4l -., tu 

foUowtac Qate• at oalf nanac•-
(a) ~alwa noJtllq 1ll a. 1ateate4 lrnal u4 

craa1aa 1a tu 1Afaau4 ,Pdoa. 
(lt) SuekliJa& Ml••• .... sia& 1a • tat •• , •• 

.P&44ook. 

(o) hokliDc oalwa oat1aa4 to tbe iateate4 

kraal ..C ad~ao-.t 11l.teata4 oalt pea. 

( 4) Haa4 l'aanct oal. ••• eoat1Jla4 to the ia:teatet 

kraal •• adj aoa• i.ataatad oalf ,_. 

...aaar 1Jl wlaiotl tu1 ••- 1ateata4 ia•-

(a) 8u.ek11q • M&ta of oo• -.., MNM 

ooat .. 1aate4 1R tae kraal. 

tlut 

(lt) Aoo14eatal 1ateatat1oa of luMnae-U, tat 

to llaa4 reant oal.na. 
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101. 

(6) ~iaa a ooapar1'1••ll kl au•w MA •t•r 
ealwa ooat1ne4 to oleaa ooAorete tloo.red .P•• tailed w 
Moo~e. irlfea-.ed wla.ea reared aa tollowa:-

(a) - bu4. 

(lt) s.&oklilla on _pnrtollall' waahe4 or u ... bet 

a44ere. 

(7) roa' Mrt• reaulta ooatirae4 'b• reaul"• ~eat, 

-t1Qilecl ua4er tbe tran•1.aa1oa of Yel"'liaoa1a. Altllo\lp tou.r 

·~•1•• of wona were reoo-.e.recl at poat .or••• 1a all tlut 

P'OUJ»at tb.e or4er of DJ&Mrioal predold•aDoe of tile a;pee1ea 

waa .. tollowaa-

(a) Ctti!Eia ii•S&a•ta ... Hsllll,... JlaQti 

Wkere the aouroe of tateata,1oa ... tae her-.,. 

•••• apeoiea W!re noo•ere4 1a J.up au.aara. 

(lt) l!po•Stl!l! Ril•M!tw••· 
!laia apeoiea -• precSoataaat where kraal aaalU"'e 

waa 'b• aouroe of intea\atioa. 

tb1a apeoiea ... reoo••re4 ia •••11 aMa'-ra 

llotll when t1ut berbap aacl kraal _,.r• ... the aouroe of 

~·•••tioa. 

RR/EDL/5/6/58. 
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102. 

P ROPH!'LAXlS 

lD hie paper on ~be epidea1ologJ o~ paraaitio a ... todea 
ot ahMp, Gordon { 1948) di rtded 'the lite o,Jcle o~ parui ~io 

ne-w4ea iDto two ·~· aa4 wo phaaea. •!he atacea area 
Paraa1 t1o - tbe wona 1n the la.oat aDiMJ. and 'Pret-11 Yin& - ega 
aa4 lame 1a taeoea oa the aroUDCI. fiut two phuea aret 
Cont81dnat1on - e&ge paaaiDa froa the !loat to the paature ud 
~ectio! - larYU paeaiJl& froa ~he puture to ~he Jtoat•. 

!be aplaaela ot tU upert.uta deaort'becl abon -.. laMB 

011 the tree-11'riq atece ud the ooata.iD.atlOD -4 lateotioa 
phaaea. Oon~rol ....urea 4eaor11ae4 below are therefore 
aa1Dl7 a 4eaor1pt1oa of 1apron4 .. t~t.o4e of uS•l ans1Jlc 
aanaa...at baae4 OD expert.ental obaer.at1oDa1 aD4 to a leeaer 
exteat the r81e utulldath1oe Jd.&ht pl.Q in oOD.trolliac the 
paraai t1o •ta&e of tile lUe 07ole. 

Prop!Q'lu.la OM tilerefoft be ft ... d froa two ao&J.ee 
whi.ch wUl 'be 41ecruae4 aeparateq. 'the7 area-

1. AaS-t aa4 &rUing -....-t. 
2. ftle ue fd aDthel.Sntioa. 

Sinoe two 11711t•• of 1Ar111D& 1. e. 4&1rJ ud lMe~ 
ranoblna are praotloecl :Ln th1a area the.r will 'be d1aoune4 
aeparatel7. 

(a) Rtia RanQb!nct 

Aa aentioned earlier oal. vee oa. da1r7 raaoJuta are aepa
ra'-4 froa tileir a- at birth 81l4 placed ill oa1.t peae. Whea 

the - oo• illto the kraal in the •mina troa g a.a. OD

warcl8, ~ t .. ta are ld.lked ad tile oalfta allowed to 8\lokle 
on 'the other two. After t,be oow retunua to the sras1Da 
between J 81ld 4 p.a. oalfta an her4e4 1nto a ual.l caap or it 
ftr)" 701UI& l~t 1D the kraal. 

The•• oal.Yes are 1Dftri.a'b]¥ in extreul7 poor oonditioa, 
due aot oJll7 to Yend.Jloaia aRcl 'ft.riowa patro-1Dteat1Jlal 
41.-ord.en, lN.t al.eo cble to the :taot tbat thq are aurn4 
'beoaue the cl- aUk n.pplJ' 1a 1na4equte aad the arasia& i1l 
tu oalt cup UB\lall.J' ftl7 1nter1or,. oa .-, tana the caU 
oaap 1• grued by .Uep clur1Dg tile 4Q, w1 th the renl t that 
Yer'J' 11 ttle pod 81*&Zin& 1B aYa1lable for oalne. 
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10~. 

It baa bee abown tbat oalfta kept ua4er ~g1en1c 
oondi tiona 1D kraala aad graa1ftc on inteated paaturea beco• in

teete4 w1 th hearl.er wora burd81l8 thaD calY.. rearecl b7 other 
.. tbo4a. !he proYiaioa o~ a oonorete tloor 1D the oalt pea 
... nf!1oient to reduoe the wora 'bllrda to low leYel.a ad &Yea 

to the atata where oalne were free froa paru1taa. It ia 
aot onl.7 aeoeaa&%7 to iaproYe the -,p-.. 111 the oalt' p-. ucl 
kraal, but al.ao to pro'f1de po4 qual1t7 v.n1nteate4 arasia.& 
tor oalYeaJ atteapta ahould be -.4e to iapron the Jllltri-

tioaal atate of tbeae oalfta bJ allowlD& thea a4equate ailk, 

hiper quali t7 araa1fta 1n the fora of 1aprow4 paataru, or at 
l ... t eaoup cooct qllallV nl4 cruiJI&, 1V proft.cliq •re tium 

ae o~ oaap. Aooordla& to Dr. c. E ••• 'Huareh ot the D1rta1om 
ot Oropa u4 Puuna (panoaal co .. n1oat1oD), Yel4 1n the 
Jortl!rt-Weatem Cape alao1ll4 1M all .... a reat 1D lata .... r 

·followed 1»7 a reat 1D earl¥ •-r, OJUM enJ7 tour or tin 
7-.ra. !'he 1aportat period to rut the paataa.ru are 4ur1Jac 
the &rOWina a ... oa aa4 Hct.arah aageata the followiq rotat1oa 
on a tour ......, qat... ahown 1n the aohaclul.e 'belowa-

. RO!Et 

• 1 t ~ .... ' 1Year • SaaaOJl I A I B I a I D I 

! I I a ! r I 
J : 1.!. • I I I : I I I I 
I 1 I L.s. I Q : I I • I • I 
I I •• I G I G I 0 I 0 I 

I. I L I I I I 
I I !.I. ' d J d I A • d • I 2 I t.s. I G I Jl I G • G • I I • I • l G I Cl I G I 

I I t I : I ' I I t.s. I I I I • I I I I • 
J l I L.s. I I I • I 0 • G I 
I I • I G I G I G I • I 
I I I t I : I 
I I l.s. I I I I I I I I I 
I 4 ' L.s. I Q l G I G I I I 
I I • I Cl I G t G ' G I 
I I I : • l I . 

~1dMrldl 41ri.4.. the zear into tbree .... ou •-
a.s. 1a earl7 -...r 1. e. troa 1114-Septeaber to a1d
~r. L.s. 1a late ._r 1.e. troa alci-Deceaber 
to ~ ea4 of April. •• 1a winter 1.a. ~roa -., to 
1114-Septea'Mr. Putaer.en, G ahllde ~or poue 
aa4 I ~or nat. 

Aa oaa be .... troa the aohedule, three MQa are paae4 

1n tbe nMer aa4 tour 1n the w1Dter. laob o.ap 1• gaae4 
for two ud neW for four nab in the IP'"Mr, wlMreu ~ 

oaap 1a grue4 tor two lUld reated for alx weaka ill the willter. 
Should •re thaD 40 a.a. of ra1a tal.l 1D ~ tortaipt oalna 
8lllt _be MYed eve17 weaJt to uother oaap, .. d retum to a 
:tort:upt rotation wheD drier oond1 t1oiUI retura. 'l'hia would. 
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104. 

'!'he BiH ot 'Ulee! OUipa would H cle'tend.Jlecl - the 
oa:rJ71a& oapaolt;J td tbe nld, the n•ber fl'f oal'Y .. Oil the ~ara, 
tile a"f'ailable -ter .appllea •"-·, . aad 1n eaeh .... the ~axwer 
would l'laft to lte piclecl - the adviCe ot the looal A&rloul:ta.ral 
Exteaeioa O~t1oer. 

Oa tu. .daere 4&1rJ I"'UllhiAc ia praetioe4, lnalla l'Wl 

w1 'tb. oon ooaatantq, ia at,apta to Mke ~ oows oal" thro\1&11 
tile 1ear. Boa.- (1939) baa ahowa tbat tile a1D oal1' orop 
1a 1Ja 111a--r - troa lfo..U.r to lanaa17 - ad to a 1-•r 
ext•t 111 a14-winter- June act Jul.,-. It 1a .....-•• there
ten tbat oon be aerftd ODlJ' ill PebJ!UZ7, Jlarola a4 April tor 
tu au tr ~ orop and troa the ld.cld.le fd Aapat to tbe 
111ddle ot Ootolter tor the w1.ater o~ onp. 

U tuM oalYM an allow4 to BftM la 8})8oial oupa 
1tJ th-elna it 1e hi~ d•1:rable to .... the -.r o~ 
orop b7 the .. 4 ot Aucut aacl the wiater ea1.f' crop b7 the ea4 
of Pebl"WU7• It wu abcnm 1ll nperi.aeata • the ep1sootolog 
ot YelW1.Do•1• that oalYM oarried wo:ra bu.rd- fro• • .._ 
'throueh to the :tollowSac 8WIIdr. ID a pi te ot theae oal.na 
'beiq rearecl •••th•r w1 'til winter aad •PriAc oal. Tea, the 
7o~r cal vea reu~ae4 h'ae of 1nteatat1oa \UltU the ra:1Jla 

atarted 1D Deoeraber. lt &• t!Afreton ipo!j!U Att 91 !tlDI 
pna 1e tM R£!!1owt !VET£ U weM!f M4 ttR!D!tcl tna !!lD• .J?l cta£&M or l(t!.r Juu, "''" !be raw !!ar! 1D P!•w•r. 
11' aa1 ... bom 1n euwtr are wMM4 at the ea4 of b.&Wit, aa4 
&iYeD po4 &rU1a& 1D a Hpar&te OU»t the7 will aot oar17 1D
fe•tat1oa to oalna bom ill the w1Dter, beoauae the7 will ha'Ye 

le:tt the oa1f o... lD the 417 aeuoa, at leut two .,.the be
tore tile ra1aa •~art. l'urthe:raore, 1t ta .4eeirable that rill
ter bom oalYea, when wean4Nl at the ea4 ot Pebl"WU7, 4o aot 
sraa• lHt:tore 'the followiag •later with oaln• ....... at the 
ad of tb.e prenoue Al.J.&U.8t. 

!'h1a therefore •tall• at le .. t :tour oalt •ape act 
two weaaer CNIIIIW• la 'br1~, ·-r oalwe ~ No- i.D.teatM 
1Jl swaer and au-. 'tNt will aet ~eat wiater oalna i.f the 
latter are bom ldter .Jwae •d the -r oalTH are weaaecl 1D 
Auau~. C&lTH l»om. 1D willter will 'be tree of ta:reatatiOD aa4 
oan rw'l w1 th oalfta 'bona ill tlM tollowtac ••er ut11 the 
~o~r are •-84 ill Pebru.aJ7. I:t both Dp.at _. l'ebJ"WU'7 
_.N are kept ••parate ati.l the ra1Da e-. 1D autwm, thq 
oan ~oll'l the ..US herd the following n•er. liJ' thia tiAe 
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'their aaea rill Ya!'J' troa 18 to 24 Math~~ •d the ol4er he11'en 
ou .join the bnecliac bercl aa4 'both BJ'O'lPII wUl M fair~ wora 
1'ree1 if not rea1et8J'lt to nrii1Jloa18, at l.-t 'u e1''feot ~ o'f 
nninoata on th .. wUl not 'be eo ..r:ke4 11' tlle7 lteoo.e ia-
1'eated thereafter. 

Biek •• al (1953) haft ~ate4 that the lw 1nc1denoe 
ot n1'111a0aia 1n oal.Yea at Mal_,., Queaal.aa4, Aua'h"&l1a, where 
anaua1 raiatall.a are b1cb ( aTera&e 68 1aohell) -. ta• to ia
proYed le,r paaturea, rotated rRJ7 few .,.the a4 other nutri
tional ooDB14erat1ou, u well u 'Uae prona1oa ~ oODorete 
fioored -.tt peaa llll4 oew 7&1'4•· 

!'he da1r7 herd at A.noe4aYlakte wu eiwt 1 arq UP,'U7 
1D:teated. CalYea were bora iA IP'F?Ir oall't kept ill 'Uane 
oa~~pa that -.re rotatecl ... 17 at.x to eipt ••ea •ct a1'ter 
weaaain& in .&apat apt ia Hp&ra"• o..,. tor •o'Uler , • .,.. •o 
aheep sraaect 1D. 8ft7 ot thNe aa.pa. '!he oalt peas, kraal.IJ 
_.. cow bp-ea bad ooaon'- f'loora, aa4 oalna notle4 oa their 

•- at'hr the u4en had 'beeD wulle4. All these oalYU re
ntn4 •n aUk tbtul ... the praettae Sa tlae Uatriot. B.Jgleae, 
iaprond matr1t1oa -d the eeparatiOft ot - sroupa all ooa
tr1lNte4 to the lew 1no14ea" of nl"ldaoata. 

(b) lJ.!!t R!I!C!hiy. 

oat~ where -~ Naohlna la practtoect oowa oaln 
1a the nld aad the oal1' 1• aot aepant.4 hoa ita 4aa atll 
wear11Dg tlae. !he 1Do1.4enoe o~ Yend.aoa1a OD th .. e tar. 
1a ot a mob lower degree, than oa the da1J.7 ~ aD4 oalYH 
are 110n Jaealtb7 ad bettei'jthan their oouaterparta 011 the 
da1J7 ranoh. 

It W'O\ll.4 be a4ria&ne • thea• ranohh to k"P tile 
bne41Da bezod 1D. aeparate OfUIPII hoa the re.t o~ the her41 

l't&rther110re1 alaoe ll1llt 1a .aot the tar.ra aou.roe ~ t.Doo•, 
there 1a ao ob~eot 1Jl ba'riDc •:re tbaJa ou oal.'rina -•· tor 
aore e:Uioitmt ---" ~ the urct, unlua 1'ert111v ot the 
oon 1a at a low lenl. Slaee 1101tt oalYM are ltora 1Jl tiM 
eu.aer, ooa elaoul.d be ••"•4 f'roa Pebru&17 to .&prU ao that 
oalnq oaa oocnar 1n Bonalter, Deo.-er •4 Ja:AUaJ7. 1'h1a la 
Wlfo~t• troa the Yel'lliaoaitl oontrol polDt ot Yl .. , aad 
wiater oalYiJ&c would lte pref'erable, but oa11' oropa 1Jl winter 
are Hldoa aa plentiful u -•r oalf' oropaJ -aaeaeat is 
&lao a1apl1f1e4 wi 'h one cal.:t crop~ 
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1.06. 

All oel.Yea should 1M weaaed 1D AQ&WI't tllld plaoe4 1n 
their owa oa.pa. StDoe oalv.a will aoraall7 1oae ooa41tion 
at tbia tia of the 7aar ~ter waaa1nc, the 1Mtat aTailable 
craala& ah011ld 1te Ht uS.da tor the w.-ed oal'na, ad if at all 
poaa1'ble weallera ehoul4 H aeparatad troa the reat of tile herd 
untU the7 ltaft J"eA.obed t!ae aa• of two 7aan whea the lw1fara 
3o1n the 'b:reediftC hart ad tlte ox• ~o1D 'the older a~ok for 
:tattaDiDC prior to alai&Chter. :rroa tile ~t po:l!at; of 
...s. .. it wolll4 h 4ea1ra'ble to separate halfen ud oxea at 
wetllliq 1t separate oaps are aYa1la'ble 'for !loth CJ'O"P8• 

It ou be aa-d tMt oalna lao:ra 111 .w.er will beoo• 
tnfeated with paruitea Mfore the ra1Da ..... in atua. 
Apart; troa the uae of aathela1nt1oa 1D. won oontrol, lfhloh w11l 
be dealt wi'*h later, two lld.41t1onal Mtho~ are •ue•_. for 
ooutderatton. !Jleae •tM4e area-

(1) GF!fJps Rotation. 
~ rotatioa M ad'f'ooated. tor ddr7 oalne woul4 

l»e hisbll' deairable tor Ule 'breeUnc herd oa beer ranohea. 
BonYer, this M6 .ataU oOAa14erabl.e expeaae ~th 1D fenoiq 
-terial and tU pro'riatoa ot -tar auppllu, partiou.larl.J" 
if 'the bree41D& Urd 18 l&r&8• When a four O&Jip QBt- 1a 
ta»raot1cable, ~1dJaarah (peraoaal oo..an1oat1on) n.gpa'h the 
tollo~ rotat1oa oa a three oup qetea abowa 1a the schedule 
belowa-

BOTE a 

t dupe -• f • 
:xm! 'P.P 1 

t : I : i • 
' • I I ev• I 0 • • I G 1 

1 1 
1 

L.s. 
• t • • Cl I G I Cl I 

I I 1 I 
I • Es. I d I I • I • • 2 ' L.s. I R I • I Q • I I • I G I G ' G 1 
: I I l I • I I t.s. • I I 0 I I ' • 3 t L.s. • Cl • G I R I 
I I • I G • 8 • a I 
I I ! I I • 

E.s. 1a earl7 -.-r t.e. froa 1114-Septeaber te aicl-
Deo•U.rt L.s. 1a late ._r t.e. froa 1114-Dec:t81iber 
to ad o~ Apr11J w. 1a wtJlter i.e. h-oa J1Q to 1114-
Sept .. ber. G. studs ~or erase llll4 R 'lor reat. 
In the .-er oaa.pa are grase4 ~or '$hree weeb 11114 reated 

~or three ...Ua 1n rilater oaapa an grued tor t~arae aa4 
rested for alx weea. Yel"JJiDoaia control Wlder theae oon41-
tiollll 1a aaoet 1apoaa1ble Md .oh lua aatia~ao~17 tllaa the 
tou.r oaJQ qat- Mntioud earlier. 
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107. 

Du.e ~ the paeral laok of -••r 1n tile Wortb-'l .. tem 
Cape it ia dUtioul.t to allpplJ' water to aeparate oaape. !hls 
oaa be oYeroo• 1Q' uten41D& exiatiDs water nppl1u, aa4 
proY141ng aeparate tro\&6ha tor eaoh o.ap. DiviaioD into 
oaapa wOI.lld t.b.eref'ore etail ~eaoea ••tiq at or uar a oeatral 
point aD4 water troucU be1Jac pl_. 1D eaoh OUIPJOr UiDC the 
teaoe between the o•wpe te 41ri4e tu 1;rO'QCil u ..n, ao that 
atook ban water 1D eaoh oaap. . . ~ .:.. Oa ~ tao. -••r 
tro\l6hll are 41 v14e4 1n tbe -•r eug .. H«. .,. nrlowt 
•thode exietbc r .. ervo1r tenka oan auppq •re t!aan oae Rter 
troup, or the water oaa be pu.ape4 h'oll ~, to o"her reeer
Yoira, to extend the 41atr1but1oa ot ed.atiDa -ter auppliea. 
Prori.aion 1a MAe UDder tu Soil OOIUienat1oa Aot, tor tile 
nba141ainc of faoiDa •terial ad p1piq tor tile exteasioa 
or ed.aUD& water auppllea froa -.o.rehol.ea to a441 tioul. wateri.Dc 
pointe. 

( 2) Rtao'!!l or D1•1nt••W1oa ot l:p.al '!!!pl~.s. 
(a) R!JWYal ot MI!UZ'!' 

Ccm41't1ou el•tlar to tboee .U.tinc 1D kraala are oa 1moa 
arOUDd en17 drtok'D& troucb oa f&NB owae4 19 Baa.ropeu t&I'Mn 
1a the 41atr1ct. -..,. 7-.ra o~ aoov•latecl -ure an toad 
a.ro\Uld wateriD& poi.Dta Gil alaoat •••17 tara. 

On. the trut .tam. fd ~ latin Ut.U. De~t, 
ao auoh .aaure aeaa.&latiou ex1at, beoaaase the lat1 Ye atook 
owners collect dua pacta while atUl ~reall a4 plaoe tn• 1a 
~»• aext to their buta tor uae aa fuel whaa dr7 or e-..n for 
buildtag purpoaea. It waa aoted that Kat1Ye owaed atook were 
praot1oalq wozoa tree, altiaov.p oalna were allowed ~ run with 
their 4- 1n a a1a:llar faa!doa 'to &aropeaa OWDed atock. Ia 
new ot the 1nnat1pt1oaa prnious17 4eacr1'be4 the laot or 
.amare at -t•r1rls points auat haYe lleen large:a, rupouible 
tor their h'eecloa f'roa paruttiea. 

Sino• oattle tea to OOD&J"8p'te Dear a. water trouaba 
4uriq the lleat of the 4q ad depoait a ll1ch oonoeatntioa 
ot MDUre there 9 it would 'be a4T1aable te NIIOYe -ure 
regul.arq, part1oularl¥ 1n the ralD7 •-oa, troa tke YioiRi v 
of water troueba. !hie la aot praotioal wbere the ao11 1e 

· nr.r -Q, a lace the •maN " o•• .. u ldze4 w1 tit. the aa4 
aa4 1t 1a 1apoaetble to aeparate ~ froa ..... 
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108. 

(b) ~iD.teatatio.a.. 
the d.iaiDteatatiOD of krMl.a ... at~eapted ill a kraal 

on a tara• ill tile 41• t;r1ot, Wliq delta. ia01111re ot 'busine
haxaoAloricle. !laere were two ad~-t &nale, ued D.v two 
difrereat herda, aad. kra&l ••aure exa•tnaUon indioaW tut; 
both kraal.a ware intNted. The one kraal. - lett u a 
control ad the other kraal d~d "ith 25 lba ot a 5~ dalta 
.B.H.C. powder. !'he area of the treated kranl was approxiaate17 
20,000 sq.:tt. snd the treatMilt wu oarried out in 'faroh,l956• 
when raillf'alle ware particularl;r heaYJ i.e. 120.0 - for the 
.M~t.th. SulNiequ~nt exuSaatione ahowed that infective l&M'U 
were abH!lt :troa the treate4 kraal tor a per1o4 of f;wo •••b 
Oft~, "lfber&As the ccmtrol k~sl retUined 11lt .. t .. tllro"Bbout. 
tthla 1Deeot1o1de -• therefore of , .. pora17 n.l.ue oJIJ¥, ill 
deoreaa1q 'tJae m&~~ber of 1Dfeot1ve larY .. in kraala. 

Laborato17 triale ot the etfeota of YAr1oua oheaicala 
a a larraoidea were oarritM! out aa4 tiM NIRl1 ta of ao• of 
these trials are shown :l.n !able Jlo. 18. 

Xablt No, 18. 
!he effect of TBrioue ooJapounde at ooaoentrat1ou 
of oDe part per 111111on ~l"ta 1n aquoua aolutlon on 

1nttct1u laiTy, 
I C OlapO\IIl4 
I J Peroenta&e aortal1Q- ot 1atect1n 1 

~.. aftera- 1 
1 (a) 24 hou.re 

1 
(b) 48 aoura 1 . - . _._._ ______ . .........._,_._...,.1:--------=-----------· I 

.! 
I t I J 

:~-uuon 25" 
r,6Chlorthioa 2~ 

' 1(Y/, I s~ • I t 

' 2 
40,C ' 9~ : ! Phenothiaziu 

s p- Beasintt
• • 
I 

• b.exaoblor14e a 
: delta Benain~ 1 

1 
hexaolllol"14e 1 

,!,~OllbOP : 

3"' I 4o,l 
' J~ • ~ 

' • 
I 
I 

! 
z Malathion ia o. o-d1aeth71-d11h1ophoepbate ot 41ettql

Mroapto-au.oc1naM. 
,J Chlorthioa 1a 0 9 Q-.d1 .. tlql-O..J cbloro-4-ai tropMD¥1 

tbiopboaphate. 

I 
I 

• 
' • 
I 

• 
.! 

• Pol.7bor'a aotin iDp-adiete are Sodiwa l'etaborate tetra
~drate Tf4J, aa4 Sodillll !etraborate peatabT4•te 

t'riala oon4ucted b7 J.ey1De et al (1956) ahowe4 that 
Mlathion and. ohlerthion kill.ed or prevoted the cleTelopaeat 
of horae atroDCYl• larYae at ooaoentratloaa of 0.02 aa4 0.06 
per 9!!'t respeot1•elJ'• The reaulta •.a-riead 1D !able Bo. 18 
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lon. 

aJuhre4 that thea• ooapoUD.Cla were allto 'fti'J' atteotiw larvacide• 
apinat 1nteet1Ye 'borina a ... tode la.rYae. !he renl.ta with 
poltbor •re 1maatiet"aotoq (1'able Ito. 18) althoup. aoerlein 
(~950 ad 1951) ehowed that thie colai)Ound dee'U'o7ecl Angri@toaa 
C!!llimHt lame. 

!he etteot of .alathiOD Oil 'h• dft'elo~t ot lame 
1n oa"le dUDS ... ""'" lt7 4oa1as three infeate4 7ear ol4 
cattle w1~ thia true •oh on tile - priaeiple u low 1 ..... 1 
pUilo'thiasiDe doalng. the toxic1 't7 ~ tilia 4Na waa u-
Jmown and 1 t was deoid.acl to incorporate toxio1 V trial• wi til 
~eata et the atfeota til the wozwa. TIM three Mi•l• "" 
4oae<l with 51 l.O aDCl 20 - .. per Kg. 1to4.J .. ~t of -.lathioa 
reapeot1Ye~ rre%7 dQ for three .mtlw. Al tho\ICh th1a drq 
ha4 nc a:pp&reDt toxio attaot on the three aniMJ.a teate4, it 
was also of no Yalue u a veraio14a, aa4 apparatq ao't uo\IC!l 
.alathion pua .. throup the alilltmtar.r Otlllal with the taeoea 
to aot ae a la.-vao14e. Wha alxed with 1nf'nte4 :taeo• iD 
oulturu, both ll&latbiOD and ohlorth1oa at ODe pari per 10,000 
parts ot f'aM.41 ou1 WN .-cliua, osueetl • 50 R•r cat reduction 
1D the deYelo vaent (d lar.ae to the 11ltect1ve atage wtl.a 00 ... 

pared with oontrole. 

t'he•• dJ"U.&fJ _,. be of 'Yal.u 1a clialafeetlnc kraal •••re 
bat were 111l~ortunatel7 JlOt teete4 1D the ~1el4. Jln.1atia1oa 
appeara to be ncm-wxio for atoot wea at 4oa ... ratea of 20 
-sa. per &a· 'bo47 WQight tor a per1o4 of thrM aontha. ~ore 

ita uae 1a atteapted aa a larfto14e in Jtraala, ita tox1o11;J' 
ahould be tasted Oil ... bora oalfta, wbtoh are unall7 aore 
aw.oeptible 1;o the aUaota et arq po1aoa thara older atook. 

At 'the JIOMA't, all. tl'aat oaa be aa14 ie tiaat tM •• of 
oertatn 1naaot1o1d .. as la.rrac14u b kraal ••nu.re aaeda 
further tDvaatllationa before reooanendatioaa oaa be .ade. 

Apari f'roa theee Mthoda of 4eoreu1D& the danger of 
wemare aa a potential aouroe ot 1ataot1•• l&J~"YU to 8118oeptible 
oalft•• ooaorete tleon MD 'M laid arouad nter troupe ..a 
remalarq oleanea. It 1s doubt~ whetiler 8ZV' .taraer wlll 
lte able to oar17 this out with the aoaro1't7 ot la._our, or whether 
1t 1• praot1oal to ~urround eYer;r trouah in the Tariowa oaapa 
with larp areu of oonorete, wlaioh ••t l:ae ol•aa4 replarq. 
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11.0. 

It 1e aa well to .. uon that all water troup llllould N 
well oonatl"U..tecl ancl leak proo~ aacl at l ... t a -11 area of 
ooaore~ f1oor1q be bu.1l. t aezt to th.e trot&P 1ft oue o~ OTel"

now ot water. lt waa treqwmtl7 aote4 that due to l.eaking 
drlnkin& ·~ro~ or the OTerf'low of water du w taul 't7 ball 
valne, ,~• area aext to the trouch wu a Jd.xttlre td aott -.4 
and JU~DUre. SU.Oh art1!1o1all.7 created oondi tioll8 obvioual_y 
supplied· •r• tlaaA enoup 1101flture for lanal 4evalo:pMnt, 
rmd were d&nierou, potential souraee of 1Dteatation. 

The raarka 011 leaking 4r1Dk1as trou.&be alao ;app~ 

to dair.Y raaohea. 

2. rhe ,u.ee ot: M~!l111nWo!• 

fU aR'thor barin& tested onl.J two 4rup rtz. pllnothiuint 
and tatraohloretb.fleDe tor their etf1cinQ u 8.1lthela:J.athioa, 
the reooa.'l•datiou -de below are based oa the oltHnatiaa 
of other worltara u well. Becen:t 1Dnetigat1ona ahow that 
the followin& d:n&p an of value • 

(a) !folwmea Aooordlas to Rlek ud ~elth (1957a) thia 4ft& is 
a etteot1ft anthel.ainthio ap1nat B,plaoet,B,phlebotgtRII ud 
Cooperl;a •PP• Catt1e awst be starred cmtm:ight aa4 ~1atsl7 
prior to trea"-t• 60 o.c. of a 1~ Sodiua 'b1o~ute solution 
gi-nn to oloae the oeaophageal. g:roO?e ( Biek 1954). fte 4rq 
1• then doee4 at the ra'te of 10 o.o. per 100 lb 'bo~ weight, 
1n a ..Ualoa prepared 117 tbe addition of 8D ••la1tpq agent. 
Apart troa teaporar.r anuathetlo e.tfeota thie 4rua 1a relatinq 
aon-told.o acoordiDg 'to these author.. 

('b)iltt8 41V4£st!l!!lmKu&e!M• Hlu ad l:eith (19511t) haYe 
ahowa. that thia druc- h1PlJ' etfioiellt agaiut u.plaoe1, 
Cooperia •Pll•aDd O,AdiaN_ e4•:Sn1atere4 per • u a IIWipenaioa 
in water at 2,5 crua per 100 llt 'boq we!pt. fto prede-.41-
oation to oloae the oeaop~ croove, nor etarYatiOD prior 
to 4os1ng 1a ~eoeaaar,r. 

(o) PJwnO!hiyinea Thla trac 1• etfeotift ap.iut Hspl.aoei 
aa4 O,rtd.Htu5 aooordin& k nr1oWI workera (Sprent l946or 
Hiek 1951, Roberte 1955). ~ ... reaulta were oonfir.e4 at 
ANoe4nlakte. 1M uaual 4oaap rate 1a o. 2 craru per lb h47 
wetaht aoaordJ.Jl& to 110. (1951) RD4 Ho'berta (1955). !he 
usllal MXiwa 4oee 1a 40 ar- for an adult. 
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111. 

{d) ~ttraohloretJ!ll•a!• Thia wae II1Dcl with aa •el&ll.aif1ins 
ageDt aad •• part of Cr14 - well ellaka ri th two parte 
of water 1o .ake an eauleion. laaed1ate1J af1er dosing wi~h 
60 o.o. o'L 1~ aodiua bioarbonate aolutioa, 25 o.c. ot ._hia 
...Uaion per 100 J.b bo~ weight ware doeed to a •x1•.a.ra of · 
100 c.o. i.e. 33 • .3 o.o. ot Ct'l4• RefAll.u ... " aot YeJ7 
aatisf'aotor,r al'tho\&&h the cJ.rua waa ef'feotin a&&iaet; H,plaoei. 
When larpr 4oaee of' 60 o. o. ot elllllaioa were u.eed 1. •. 20 
o.o. c 2c14 per 100 lb 'boq weigh~, after pr~ioatioa with 
1~ eodiua bicarbonate solution, thia drag waa b1shl7 effi
oiea't a.r(.&inet H._elace1, but aot ftl7 efteoiiYe apinet other 
WOl"iBS, 

!he aoet e:tfiaient d:nap 114Pina' the parui tic Dua
'toclee 1n oatUe would appear to 'be to1ueu tmd lt8 41lqdroq..;. 
anthroquinone although these wure not peraonall7 tested. The 

prioo of the latter unfortunaie1J 1e too hi&b for 1' to be 
uaed where large herda han to be treatect. 1'1le dts.~tage 
ot toluene is that anial• mat be atarM4 crnm1e}lt, aa4 
that this dnJ& IIWSt paea direot].z into the abOJaaU.a to 'be eff1-

c1ct. It 1s 4d:teo1:1n at;ainat R. ;lHJl• ~!WRI£1• •D•, tm4 
B1 ])hltbo'tf:'IJI• howeYV, aooordln.l to ~iek and :t:o1t!l (l957a) 
&Dd ninoe 1 t 1• cheap 1 te ue on a lar&e scale 1a reaoa :.eDAed. 
Phenothlasil\e appetU'W to be the ctra& ot cho1oe tor t.be treat
.-.t o£ 01 ra41etw. BD4 B.plagt1. 

Stratett~o dren.czhin&•. . It haa beeD llhown that atook o~ 
be·::oM infested ill e~•r aad -~. aa4 that dit.terat spe
cies of ~ are pre~ent in etoolt in s1p1tiOMt auaheN at 
different tt.ea. iaoh apeo1• will be dealt with aeparatel.J'. 

~OOJ!er1a appa Ecc; oounta reach a uxtuua OD t'aao&l ezeaioat1oa 
1n autu.. aa4 poet .ort- o~ oalvu 1n the winter ahowed large 
reooTet~•• ot c.peottnttl• 

H. :olac!1t !hare were two peaka in egg coWlta in thia epeciea, 
the .oat aarked being in autwm a4 a eeooncla17 rise in ag~. 
llore woru ot thle ep4toiaa .. re recOYered at poat .art• in 

~· wtater and apring thAD in the suaa.r. 

O.r&41&1\.!!ll Egg oouata Gilly reach their -xtca 1a winter llft4 
at poat -.ortea thJ.s apeo1" waa 110re pleatltul ia the winter 
than at 8ft7 other ti ... 

ll. Dhlettotomwu ~ oounta in thia speoiea were at their -diiU• 
1n winter. whereafter thq tell to ahow a eeoonclar.J rlae in the 
spriJl&. 1i.ore woraa were reoover.td 1a tile wilaur and apri.Dg 
ttball in 1114-au..er at poe" •rtea. 

• !r1 tOJI X 100 
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I~ 1s therefore sugguted that atrategie 4renohing ~ 

awck be oarr1e4 out oa all atoo.k apart troa oalna 70UJl6er 
thaD two Mntlla of qe or wiDter bom oalna. fhe beet tima 
to doee, aad 1ha dru,ga o't pref'arenoe woul.4 then be aa follows,_ 

1. l'ebnaarzt this drencbiD& ia a1ae4 at OopRtria app, aa4 
H1 place1, before the riae in egg output in autwm. !olueae 
would be the ·~ of preference. 

2. 1W a ~his treatunt ia a1.ae4 at ~ooperia •U• 11· plaqe_1 aa4 
B,pJ!lelM>'to!!,W which wUl lte preeant 1n tau nwabece b7 this 

time. !oluana would be ~~ trag of •hoioe. 

3. iul.xf This treatment 1e et•d at 0,t!d1atl.!J! ud phenotM.a
~~1ne would be preferable. 

4. Au.&S,ata This treatment i.e aimed at the apring rise 1n e&68 

out~u.t of 3,pbltbotoH¥¥t awl H.·pla.c!l and tol.uena would 'be the 
d~ of ohoice, 

'lo •~ria•, tolLleDa WCNld be doeed 1D reb!'UU7, Ma7 
and Augut aDd phelaothiu1ae 1D Ju17, 

Calves born 1n tha winter need not be deeed U.u-tU 
?ebru&r,J and ainoe they will be weaned 1n Febraar,r. the7 moat 
be do.ed before going to the weaner oaaps. 'filere is Do ob

~ect 1n dooin& GWUlOr born cal Yea before the7 are two 110ntl\a 

of age etnoe their wor.a bUrdeua are ver.r low before this -se. 

llRDch cows due to oalYe in suaaer ahould be dosed 11'1 

OotoDer, Since tha7 oel4oa have .are than a .tld iutea~tioa 
ot !!•&laoal aDd 'ftry ~ .. other paru1tee phenoth1u1ne should 
be uaed. -In tbeae animalll it ~ lHt adYiseble to inoorporate 
1ow ~e'ntl phallothiasille trea~t troa .rro..-ellber to X., 'b7 addiaa 
10 pe~ qm1 ot -th1a 4rq 'o the ltok. !he ezp-• ot J.ow 
leYel phellothlaai.M 4os1Dg would barcll7 be warr•ta4 with o..Ur 
a~ok. 

In the event of haa?y ra1na ocaurrtna a~ -., tl~, 
tactical 4renon1na ~1th tolueae tour to aix weekB after the 
rataa ooa~enoed wo~ld be ad.t•able. 

Poaeible Mthoda of proph.fla.x1D buad -. •qer1Mzrtal 
observations are de•oribed and the possible uae of atrate&io 
drenehinc uai.Ds anthelllillthioe •h1oh p:n proaiein& reaul ta 
when t .. ted b7 other worker. la included. 
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11~. 

!he reeoaaencl&tioae •de : a.re u follows •-

l. Sepaatlon of oalTea .bora 'bef'ore the winter, froa 70un&er 

oalTu bol"'l )efore the followiq awaer. 

2. file prorieion of oonorete .tloore4 oalf poe ruacl Jrru.la 

on dai17 ranchea aa well aa four separate poastna pa44oob 
for oalveaa the padctoolta to be Ngularl.7 rotate4. 

J. fhe aeparat1on of llreeding atook tro. tha reet of the herd 
on lteet raaoh .. , ucl Ul8 pro"f'iaion of a._,. tor theae 

aJtimala whieh "" regularl7 rotated. 

4. !he proyiaiaa of separate c~·· for weanera. 

5. 8tra1Je«io doaiJag o! a'took ritil utbelaia1ih.ioa u~ 
-toluene ill J'eb:NaZ7, Mq aD4 Al:apat, and pheaoth1aa1ne 1n 

JuiT. 
6. WhereYer possible, .t..pro'YiJl8 tiM m&'tritioDIIl. a"tate ~ oalne 

-d weuere. 
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ADDIIDUM • 
..................... 

After oo~letioa of thia paper the author 
obtained the followias refereaoe - RIBl n.P. aa4 
KBITH R,K. (19,8), "S~diea OD anthela1nth1ea for 
oattle 1 IV. the oraanio phoaphorou ooapou4 o, o-
41 .. t)Q"l-212,21-tr1ohloro-l-h74zooqet!ql pboaphoaate 
(Jqer L.ll/,91"• AY,!t• V!~•. Jl, Yol, 34, Wo. 4 
PP• 9J-10J, 

fbia 4~ ia know.n b7 the tra4e .... ot 
•••r.•oa•. llek And Eelth obaerYe4 no alsnlfioant 
41t ereaoe 1n the anthelmiathio eftioleno7 of the 
eq•eoua aolutioa or •• a S~ e.ulaion whea teate4 at 
the .... doaaa• rat••· 

!hq found the 4ru.c b.iahl.J etfeoti n apia at 
I•Sl!l'l and o,~dt•';t at 4oa ... rat•• ot 2 ara-a per 

u • ~od.J we &h 1 a doaace rat•• of 5 era- per 
100 lb, bo.S, weipt it ••• etteotive ap1Dat OogRtria 
app,, B•Rh1!bO\t!ll aad even T,axe11 

An extre•17 iapOrtant obaerYatloa waa tbat 
thla draa proYe4 etteotive a,.iaat the 1 .. ature attae• 
ot JDOat ot tbe oo~~mon De•to(lea of oattle. 

AlthoU&ft relat1ve1J aon toxio at the doaace 
ratea reoo ... nded, oalvea on high protein dleta ahowed 
ae••r• •7aptou, and theae au.'thora a4Ylae the 'lee of 
tb1a 4rGs ~4er veter1narr augerY1a1on uo'11 .ore ex
perienoe bae '••n ~B1ne4 with it• uae • 

.................... 
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122. 

T A B L E H O. I. 

RlSULts OF E.xF£RD1lNTS ON EGC HAtCHING AND Dl'.VlLOOO.NT OF UF.VAE TO THf IHFE£TIV£ STAGE 
PIDJ;;R lXiW COI)ItiONS. 

1 1 a leo 1 ,Sj I• a • 1 1 1 1 1 1 j' 1 1 
I .,a I I l~ I Ia ~I I ~ I I I l £t t I • I I I 

!~ 1
1 
~ J! ""'s • IQ I I~QI • I ;! t J..arne recovered vith t {!gfJgCI:~ I ~ I • I I I I 

•• Sf( a 1.... len •' :=I ._ 0 I C I the Bafl'rtllaM. t ~ iill e I I t I 0 I I 
~~ ,I ~~Q 1o 01;ea=MI o.,.;::~~ ~ 1 Apparatus. I fiifl: f; I ~~ I I ~ I I 
~~ ~I t: a..~ I ~ ~ - ·~~I Q!! ~~I' ~ .. ~ <I D. I I ~ ~ I I I : ~ I R E )( i R K s • • 
•· · 1i5 a ..,. c ~ I £&iS~ :a~ •u :c '"'pI 9 c ~ co ,----, ---,----., ~ .. ~ K 1

1 
t 1 1 1 1 

;J; i§ I :0 ~- I ~ Jlo&l a·H Q I ~It I c.;a I lst J 2nd l )r4 ~ ~ I I I I t 
1:3Ea f5M 1 iS.:u 1 ~.e: .~ ... ·!188~ · ~ 1 .. ~r; .... a • .,,. O I StAge I Stage I Stace I I I ~ I I 
I' I I I I I I I I I I I I 5 I ' I 

I I I I I It I t I I I I I I I I I 
I 1 I EXpal(.cd.s 1;.8. S£.1 &Jil' • C I I 160 I • I - I - I • I • I - I • I • I I 

:,e~ta::·: t: : i i!!ti ~~ : i : j : 1? : io, : '·~ : n··: ~ :
9

·~ ! ! : !!:~1: ~~:~: 
I ( )I I I I I I I I ~ t ~ I l I • t lQ t • I • I r I CUba ted dU!ll• I 
I C I do. ! do. I 9 t E. 1 do1 100 I 0 I - I • I _ I 9 I 7 I • I 1 a I I 

'(4)1 do. I do. '3S I E ld I 1)0 I 0 I • I • t 2 I • I 2 t - I • I • I t 
I I I I I • I 0 • I I I • i • i - I §? I f? I • I • I • 5 ULI 

I I I I I I I I I I I I I I I I I I 
I 2 a Exposed tl~ .8. S61 f • I t I 110 t • I • t • I • I • I • I • I - I I 
I I to sun. I I • I t 

~~~~~~--~~--&-P-~~~~--~4-~--~~~--~--L-~~-4------~~~--~~-&~~~~-4~--~~._~~~~-~ I 
a .... _.~~~_.~--.. --~~-.~--._.__. __ ~--~---.--~~~_.-----·~~~--.. ~~--~._~~~--~~._~~--~-1 I 
I I I I I 9 t • I I • I • I- I I 
• (e) I ' I B. I do., I I - I - I - I 1/. , 11 I - I 1 I a , I 

I r. Fresh faeces examined tor e1rs betore dung pads were plaeed in the field. 
II X. Control cultures incubated in the 1aboratoJ7• 
S E. Entire Dung pad. 

• 
I 

• 
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123. 
1 a a ,.. a:. 11 g. \COD~l.nuea J 

: 
I 

132 I I - I -- -
100 I I - -- -

• I I 
·-t~~!"-'--=:"i~......_-~~-...;;.,......i..--=.-..a--..::...-..i...~t.IU;tJ-.....L,;ii .. K-....I.tl.:-4~--l~~~~~-~ No' 1 7 (b) and (c )a 

partlal17 destroy-a 
-~~~~~_.~~~~~~~~~~~~~-*~~~~~-L~~--A---~--~_.~~~._~~~~~~~~~~~~~-•ed b.Y dune beetlesa 
:fl~~~~~~~~~~~~~~~--~~~~~~~~~--~--._~~~~~~~~~~~~-L~~--~~1 8 7 (d) to (f) I 

~&-~~~~~._~~~--·extensively dama!Cb 
aby dung beetles. a 

I 
I 

I I 

·~~~~--~~~~~~~-.~--L-~~~----~---L~~~--~~~~~~~~~~4A--._~~ ... Intect1ve larw&e a 
-~~~~~~---4~~_.~-.~~~--~ recovPred with 1 
:~~~~~~---.~~~.__.~~~~~~--~~-L~~--~~~--L---~--~-,~~~~~~~A-~~~~~~-&--~~-·BaermannApparatusa 
:..u~.....a ... -~....aKa.~...._~r.a.a.~t..t-....li.illi;X..-""--"'~:.....I....f~:.......L.~I!-....I.--.:~;-....... 1.....111~~~'--""4-..I..~Mo-'-~1--L-~~ in 8( e) not lden- a 

1 (e )1 do. 1 do. 131 
•• l • L. I 

I I I I 
l 9.1EXpOSed1ll.l.;?1 

tto suns 1 

I I I 
1 E. 1do., 
I I I 
l J'el I 

_, 0 I 
e tt:F¥*tft I 

-
--

I 

I 

--- • 
I 

--

atitted. a 
I - I I 

I - ai0.9(a) 
1 
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124. 
I t B L E N O, J• (continued} 

R E M A R E S, 

: 
f 
I 
I 
I 
1 
: 

I I I I I I I t I I I I I I I I I I 
tllf.,aExposech12.2,S7a I F.t t I llto I • f • I - t - I • t • I • I • I I 

:.tttt .::: t: i 1 : 1·i!fii m : 9s ; 28 : : : := i t:fM : !\ ! §Iii : f~l ! ! : : : 
:._<_c_>~! ___ d_o_.~! ___ d_o_.~!~6_.!_& __ L:4_o_.~!~ ___ a_~ __ ,~'----o--~--=--~:--~=--~!~-----~~~!~----~1~3--'L-_.!!~~:--~i~--~: ___ · -~---~!~--~=~: ! 
'(d)l do, I do. I 8 I E td I 6S I O • I • I § I - 9 I • I • I • 1 I 
a.__.l------~·------~·~_.•---•~-o-·~·~-----•~-----A------~·----:-~.·~----~~~~--_.2~7_.~~2~~--~~--~~~~·--··--~·~~-~· ' 
!_<_•_>.! ___ d_o_._.; __ d_o_. ___ !~l_O_ .• !_x __ .:~d-o_.~!~ __ ?O ___ !~ ___ o __ A-_.:~~! ___ ::-~!~----~2--~!~-----1~s--~~lw;~&! __ ~:~~; ___ ;._~:~--=~: ! 
I (f)l do, 1 do, 1~0.1 z.'do, I 85' I 0 • I • I 105' I • I 10()% I • t • I • I I 
.............. • ....... •-. .. • ... ·~· .. ~•-. ..... '~ ......... --. .. • .. .--.. ~·~ ... -.. .-·~ .... 6z_.,~ .. ~z .. A' ... --.~· ... --.~·~.---..·~ ............... ~ 
I I I I I I I I I I I I I I I I I 
tl5'eiE%}lo!leda12.).S7t F.a 1 t ltoO • I - t • I • l - I • I • l • I I 
I I to SUIU I - ,...._~,..._ ....... ~...,-· l 

~~--~~~-.~--~~~~puu-_.~--~~~-A~~~~--:-~~----~~~~~--~~~~~~~~~~._~~~--· s 
·~~--~~~-4-.--~~~~~~~~--~~~~~~~~~~~~--~-~--~~~~~~~~._~~~~~~~~~~~ I 
1 - aSmall number or a 
a - slarvse reeoweree 1 

I
a (e) t 700 t1n eontrol eu1 ture 1 

·--~------~------~_.--~--~------._~--~---r~~~~~~--~-~--L-~~4--L--~~~--~~~~~~--~~~ I '(t)l do. I do. 135' I 120 2,)00 I I 
··---6------~----~~~--~--~------~----~------~--~~~--~-----~~~~~--~~._--~~----&-~--~--~ I :<c>! do. ! do. ! 7 ! 1 :do.: 12S : 30 :so ! 1•:~o ! 7,s~o ! 2,2s ! : ! !? ; ! 
!._<_h_>~'--_d_o_.~'--_d_o_·_.~_.---L __ ~ __ 2_l_S __ L• ____ o __ ~----~----~~~~~--~~~~-L~~~~~~~--~~~~~--· ! 
1
1 
(1) 1 do. t do. 1 1 18S 1 0 1 1 

·--~------~----~~_.---L--~------~----~------~-------~~~~--~~~---L--~~~~~~~~--~--~-- t 
I ( ~ ) I do. I do. 105' I t - I - I 

·--~·=-----~--~~--~--~--~~----~ ......... -.... ~.---~~----~--~~~--~--~.-.... ~~~~ .. ~------~~~~~~~-.-' I I I I I I I I I I I I UDg pa 8 CO •I 
al,:etExposedt24.4.5'7t 1 F I I I 1 - 1 • t • • I • 1 • - I • alected fJ'Oil lF(d) I 
a ato sun 1 1 '-!!!~r+~~~,.._.._""'W"!II"P'_.....,"_ .... _.;;;,.._~-... ----~M"'~1i11-..... _-Po!!MP-.&..-~~..,..r+.!ltr-......... I'!IM~aonvards wner~ d1• t 
I - IYided into the cmt.a .·~~---.~.__.~~~~--~~~~~~~~~~~~P-._--=-~~----~--~~~~~--~~~~~~~-..-~--~~:or upper la,..rsand· 
·~~--~~~~~-A--~~~~~~¥-~_.~--~~~_.--~ __ ._ __ ~-----~~~~~--~~~~~~~48--~~~adepth or lower 1~ aers as 1nd1c~ted a -. __ _. ____ ~~----~--~~--~_.~_.~w.--~--.. ~----~._--~-~--~~~~~--~~_.~~~~~~--~--lb.J C.(erust) and I 

I (e)' d I d I • - aD. (depth) in the I 
·--~---· -o_._. ___ 0_•--~--~~~~~~~~~~~._~~~--~~~-------~~~~--~--~~A-~MH~--~.-~-4.s~•t1tth eolumn ot thl 
t
1
· (t)' 4 • - a table. The crust r 

o. do. - 1 nnd depth were t 

: <1>: do. : do. ! 7 ! .. Z::do.:. , ! 1po ! 1,;g~ ; : • 1.. , 2:u , v , ~tn , ;=a'::,.;~,U:m1-: 
"C.C:rust of the Dung Pad. 
Q D • Depth or the DuDe Pad. 
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125. 
! A B L E N O. I. (continued). 

I I I I I I~ rn I I • I I I I I I • I I 

!14< : ~ ! : S : :~ ~! : : : Larvae recovered w1 th ! ~ : .:0 : ! • : ~ ! : 
~~ I O : = • I ~ I :: O I 11r;t I ~ I the Baermann I ~ 8 ~ ~ I ~ I ...: I I ..- I I ·= I .. ! . I ~ ~ : ~ .:; a:~ :5 I~ ~ ii I = I Apparatua. I .. ~ f4 toot I I' . I ~ I z : R E • A R K s • I 

!M ~ ! ~ ~ ~ ! ~ ~ ! f!j ~!B ~- :~ ~! ~ ~ ~ ~ : At : : : ! ~ ~ ~ ~ ! t ! ! ~ ! • : : 
·!~:trio,. ~~ 1 •§""sQ ~~~:ag~Q 1 ~ a 1st : 2ru1 s 3rd a e;~o5: • 1 • a • a (,; : , 
:t1il! dl!i : ~ g !il~:!ji :~a: ~gg~: l1J : Stap : Stap : Stace : ii:i::J1:i : 8 : 1C : 

1
: : ,.; : : 

I I I I I I I I I I : I I I I I I I 

I I I I I I I 10 I 0 I ·1 I - : 1 I - I l I - I - I - I I 

a16.tExposed: I I C •I I I I - I - I - I 5 I 5 I I - I - I I 

:(h)ato auns24.4.5T 8 : s•oos ••••••• l·······•·······•·······•········•·········•·······•·······•······•·······• 1 
J I I I I I I I I 800 I 4t900 I 1t850 : I 7~ I 2~ I 6~ t 2~ I I 
I I I I I D. I t 100 I 120 I - I - I - I 6,250 t 24,C I - I J~ I )T'J. I I 

I ! I I I I I I I I I I I I I I I lnfeoti Ye larvae I 

I I I I I I I I I I I I I I I I taocidentall.7 dia- I 

I I I I I I I I I - I - I 1 I - I 1 I I - I - c;a.rded 1Jl the 1n- I 

1 I I I I C .s I 58 I 0 I - I - t - I ~8 I 10 1 - I 1 I 7 ICUbated dUDC Of I 

s(i)l do. a do. 1 9 : 140.I·······•·······•·······•·······•········•·········•·······•·······•······•·······•the depth in 16(~)1 
: I : I I Z I I I 1,200 I 5,000 I ),700 I - I 78~ I 14~ I ~ I 1~ lbefore identifi- I 
I I I I I D.: . I 92 I 75 ·a - I - I - I • ,000 I 11" I ~ I )8~ I 4~ &Cation. I 
1. I I I I I I : I . I I I ! ; I I I I 

I I I I I I I I I I I I I I I I I I 

I I t J I C • I I 74 I 0 I - I - I .21 I - I 16 I - I 5 I - I I 
a(j): do. : do. 114 1 ado.a ••••••• a ••••••• a ••••••• t ••••••• a •••••••• a ••••••••• a ••••••• a ••••••• a •••••• a ••••••• a a 
I I I I I I 1 42 I 15 I - I - I 41 )50 I - t 86~ I 9·5~ 12.5~ I 1.5~ I I 
I I I I l D. I I t I - I - I - I l• 000 I - I - I - I - I I 

I I I I I 1. I I I I I I I I I I I 
tl7.tExpoeedf}.5.57 I I Jl.a I I 200 I I I I I I I tfhe reeu.lta in liOel 

: :to sun : : : a: :z&s: : : f - ! - : !"ti~ I 323M I ~% :;!r::o:t:h ~b:::- ! 
I a I do. I do. I 2 I D. I I I - I - : 1 I 0. 2·' lin Mo. 18. Dune I 

I I I I I .. I I I - I - I : wa8 identical ez- I 
1(b)1 do. : do. 1 4 : sdo.: a 1 1 : : : 1 1cept that the for-1 
: l a : : D.: I 120 I 190 I 275 J - I - I ]1,250 :42.51 I 40~ I 16! I 1.5% :mer wa8 placed tn I 

I S I : : I I : : I I I I I I I I the illU1 while the I 

: : I I I C •: I 65 : 15 l 125 l I - : )50 I 36/( I 44~ I 8~ I 12S(. a latter W&8 placed I 

:(c): do. : do. : 6 : :do.: : 1 : : : : : : 1 :in the shade. Ro 1 

I : I I I D.& I 105 I 210 I 4,350 : 3,100 I I 5,000 l 25~ t 22$ I 4~ I 8f :notice abould be I 
I I I J a I I t : I I : I : I I I taken Of the ega I 

: : I t I C. I I 60 : 15 I - I - I - I 50 I 30 I 17 I J I - :per &J'Ul COunta 01'1 
:(d): do. : do. : 8 : zdo.: : : : : : : : 1 1 :the fresh faeces 1 

: : : : : D.: : 90 : 90 : 2,250 : 2,a5o : - : 759 s ~ : 2~ 1 24~ a 4~ :which ware 1ncor- : 
I I I I I I I I I I I I I I I I t rect • I 

l I I I I C • I : I 0 I 40 I 90 I - I 90 I 4 5 I 10 I 27 I 8 I I 

:(e): do. I do. :10 I 1d0.1 l I I I I I I I 

I : : I I D. I l I I I - I I 

J I : I I .& I I I I - I I 

s(f}l do. : do. all l I l I t I I I 
I I I I I D. I I 8 I I I 

t: : l t I I I I I 

; I I I I C • I I 75 I 0 l I I I I I I 

l (g) I do. I do. 114 l :do. I t I I l I 250 t 70~ I )~ I - I - I f 
I S : .•••••••t•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• I : : : . . . . . . . . . . 

I I : I I I I I I 75 I 2 t 000 I 3 t 500 I I 8~ I 1~ I 6 • 5~ I 0 • 5~ I I 

I I I ·: : D. I I 80 I 15 I I : I lt250 I 70f., l 20J' I 1~ I - I I 

IF ! I: I' I I I I I ! I I : I • 
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'l'ABLE il o. I. (continued). 

I I I I I lE-t I'll t I l l I I I I S I I 
I I I ~~ I tS ~ I I :.;i I I I • I I I ~ I I 
~~ t 114 1 • tefi : •ta 0 1 : ~ 1 Larvae recovered w1 th : ~ J cs • t ~ t t • t i5 1 1 

• 
""' 

t._. "I~;:;~ t
1
· !',:! ~ ttt;fll faj~t: 0 I .. ~~~ I ! ·---~---~----· ell <foot I l! I i I ..-f I • I I :..: Cia &-f ~'4 - ~ ·~~I ~ ..... M lit: I= r;:q p;: c I ' I • A~ A~ t • I ..., I 1 ' I l 

!~~! ~~= !:!~~~~g t§~>t ~~~~8c~gjo I Ol 
1
t Jtl!! .. 1

1 
se!.'! Jrd t ~~.a~! o : " 1 • t '". a 1 • •, ,... • ~-~~ ~-~~~·t1s8e; I !i -Q...,. .., • Stage I ..,-e>..., 8 I ~ I o I s:q I t 

l:~=:~l=~-·.-==M===.'======='~---=·~~--~·-=i~··=-====~·======~'======~~~======·~======~·========~~--a. .. ~~--=-==~·~----=l~======~·a=============-==-l 
It I :It I I t I t I t I I I I 
:18 • I In eba4119 • 5 e 571 t l. I t 200 I I I I I I 1 t I 

I : I I t~JiiPX....,.t~~~ ...,..!'fNI'_..~....,..,._.--J ___ ~I--~~!----~~~-20...,.9aojii000 ... ii-. ~-~·~tNSfiP-~llli'l2"4.!'1'5ftfo . ...,11~·lJ2'.,_~~---lioiijQ2!..,..t I 
I t I I I \i • I t j]~ jX' I - I - I - ~ 250 gJ .,r;J ~ • ~ I t 
I (a) I dOe I do. I 2 I t400t I I I I I I 
t I I D. t I I - I - I I I 
I t I I •I I I - I - I I I 
t(b)l do. I do. I 4 I t do.: I I l I I I 
1 I I t:O. I I - I - tCompan with Ko.l71 
I I I I I • I I - I - : I Ignoft original I 
1 (c) t t t 8 1 s400 1 a : : reg per gram counts. 
I I I t I D. I f 125 l 22' 850 50 -

1
: 3,422 ! J# ff2' 21$ I 21 I Of !reah faeces I 

I I r I tO.t I 1!5 I ,., 5 2'CJ - rlf:J • ~ '" mJ t 4J &which were obviOte-c 
t (d) 1 do. t do. all 1 1 de. 1 a a 1 117 incorrect. a 
I I t I 0 I I I 
I I I I I I I I 
I I I I 85 0 I I I I I 

t(e)t do. I do. :14 I 1 l 487 I 40,C I '"" 4~ 2" I I • • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
J I I I I t I 12,250 tl1 250 I J 1 I 3~ t - - I I 

I 
I 
I 

I t 1 I tD. I 1 1,30 30 t I I I I I I 
I I I I I I I I I tl I 
.--~.------_.,-------.~--.~-.• ~--~,---.--~----~~._ _____ _.,----_----,~-------~.-_-=.-.. --~--~~~--~~~--~--~--~--. 
t(f}t 40• I do. :18 I I do t I ' I t I I 

I 
I 

l S I .1 I I 

I 

: . : ' 
t I I l 
tl9.aExposedl22.5.~ 

t I I I I I t I I I I I 
t I 305 I I I I I I I I 

: :to sana c 
I I : I I .: 
I (a)l 40. I do. I 5 I 1400 I 
I I I I :D.: : 
I I : I I el I 
:(b)z do. : do. :13 : t do.: 
I I I I tD.: I • 
: I I : I .: I 
:(e): do. : do. :19 : : do.: 
I I I : :D.: I 40 0 
I I t I I I I 

I 
I 
I 

: s t 21 1 Com pare the re- 1 
: : : unllta of No. 19 : 
: 1 : : :with those of No. : 
I - I - I 46 &20, the dung be1D81 
: t : :similar in everJ : 
: : : : 1 1 :respect except tllt 1 

100 1 - 1 : : - 1 - sthe former was ex-: - : : : 1 c :posed to the sun : 
: 1 : : 1 : : umd the latter was: 

2 I - I - l lJ I lJ I I I :in the Shade. I 
I I I : I I I I I 

I I f I I l I J l I : I I I I I 
I 20 • tln Sb\tal ;2. 5 • 57 I I 305 I I I I t I I 
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