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A FIELD 5iUDY OF SCME NEMATODE PAKASITES
OF BOVINES IN A SBEMI~ARID AFEA, WITH 8PE-
CIAL REFEFENCE TO TBEIR arc bay. AND
POSEIBLE METHODS OF momma.
E e ]

SIRRARX .
Preliminary field investigations revealed tlw presence
of Sooparda pectinata S punalata, lasmoncims nlassl.

Sascchagoatomm radliatus snd Bupoatoras nblaholomum as the
most gozmon parasites of bovines in the Nerth Western Cape.

Experiments were carried out under field conditions,
at Armoedsvliakte Research Station near Vrybhwrg in the Rorth
Western Cape, on the eeclogy and episcotology of these
parasites.

Possidle methods of proplylaxis based on experimental
observations are deseridbed, and the possible use of stra-
tegic drenshing using anthelminthies which gave promising
results 1is ineluded.

LJIRCRUCTION:
(1) North Western Cape.

The North Western Cape, formerly part of
Bechuanaland is a vast semi-arid eattle ranshing ares.
The annual rainfall varies from 10 inches in the VWest
to 20 inches in the Bast, oacurring meinly from mide
suamer to autumn with very little if any rain in the
vinter and spring, At Armosdavliakte Research Statiom
(2798, 2%%, altitude 4000 ft.) nesr Vryburg C.P., the
average annual rainfall is %31,0 mm, (16,9 inches) and
marked diurnal Semperature variations cecis from a
mean maxizum of 19,80C (67.6°F) to a mean minimwem of
«0,5°C (31.1°F) in July and from a mean maximum of
32,19C (89,8°7) to a mean minimum of 16.39C (61.3°7) in
Janmuary,. MNean Ralative Humidities vary frem 36f% in
Beptember to Y94 in March and sunshine hours froa 8,5 to
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9.9 hours, Rates of evaperation are high.

The ares lacks surface water of any kind, Fowtains
are fev and far between; rivers fail to run other thaa
in times of flood for short pericda. Boreholes, powered
by windmills and Diesel pumps must supply all water
requiresents, Subterranean water supplies are very
deesp, often raskish and frequently oaly 2«3 gallens &
mimte ean be pumped up from W00=-600ft., ar more wxier-
ground. Frequently on farms 5,000 mergen® in extent there
is only one water supply and eattle must walk miles from
thelir grasing to the drinking troughs.

The weld is a mixture ef sweet grasses mainly anmuals axd

edible bushes and trees e.g. Srawia ack.Jarshomantbus malop
and aiRgr. AcAsiA xiraffs ete. etc. After the rains in
summer ard autumn, the grass mskes & natural hay in the
veld in the winter and the edible bushes provide a protein
supplexent, Onee the rains start grass seeds germinate
and the growth is phenomenal (up %0 5" in a vesk),

The grazing is of good quality dbut due to annual
droughts of at least six $0 nins months or longer, light
stocking of 1 beast per ¥, in the Eastern to 1 per 15
morgen in the drier Yestern areas is necessary.

(2) Earsing Mathodse
_ There are two main methods of farming in the
diatriet and modifications thereof,
(a) Dairy Ranehing.
On these farms oows are milked for crean and in
some easas, milk for cheesse faetories. Calves ave
confined to calf pens and krasls™ at birth and

L o

~ .
1 morgen g 10,000 sqg. yards g approx, % acres,
-
Kraals are cow yards, or cattle pens.
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separated from their dams, These calf pens are small
fenced off enclosures within or adjacent to the kraal,
having a wire gate giving access $to the krsal, Both
calf pens and krsals have floors consisting of manure
scounillated Oover many years,

Cows grase in the weld at night ad retwrn to
the kraal in the morning from 7 to 10 a.n, Mldng
is commenoed Wy removing the calf from {ts pen to the
krasl and once it has started suckling, ssecuring the
cows Mnd legs with a leathwr thong (riem), pushing the
calf avay and milking 2 or J teats. Thereafter the
calf is allowed to suskle and left in the kraal with
the eow until 2 p.m., vhen they are separated the calf
remaining in the kraal, ths cow returning teo the
veld, Calves from 2 weeks to 4 months of age are
allowed into a sxall camp at night to graze vith the
older ealves,

(b) Beef Ranehing.
Cows grass vith the herd in the veld, calve

there and are not separated from the calves until the
calves are weaned, The herd grazes from the late
afternoon to the following morning,; and eomes &0 the
drinking trough from about 8 a.m, in the merning, The
anizals lie down near the water supply during the heat
of the day and from 2 %0 3 p.m. or later, Adrink again
and return to the veld, In moszt cases cows are not
nilked on beef ranches.

A more detailed description of these farming
methods kas recently been given by du Toit (19%8)
vho modifies this classification,

(3) liistory of Verminosis in the N.¥W., Cape.
Farners have stated that many sheep werekept in
Beehusnaland 20 to 30 years ago but the presense of
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worns foroed them to abandon sheep farming in favour
of cattls farming.

In 1930 a severe outbreak of gastro-intestinal nems-
todes in bovines ocowrred at Armoedsvliakte (Miunig
1931). In 1939 to 191 Fouwrie (1942) deserided out~
breaks in the distriet, In the ammual reports of the
Btate Veterinariaa (Vryburg), vernminosis was considered
serious in 1946, 1947, 1950 and 19%1. In 19% anothar
massive cutbreak of helminthiasis in cattle ocourred,
This reached a erisis in the spring and susmer nder
conditions of severe drought. The State Veterinse
rian instituted a dosing campaign and the Stock Ine
speatorate Staff dosed 150,868 bovines with tetrachloe-
thylene exulsion with exeellent results, Prior to
dosing stook died off at an alarming rate; dbut as soen
as dosing was instituted stoek losseg stopped immedia~
tely; stoek degan filling themselves im M5 days and
milk yields improved,

In view of the critical position the Director of
Yeterinury Services gave instruetions that a full seoale
investigation of bovine verminosis be carried out in
seni~-arid areas with head quarters at Armoedsvliakte.
The work scamenced in Jeanuary 1955 and scme of the
investigations are reported in this paper,

REVIEW OF THE LITRRATURE,

Veglia (1928) eonsidered the rainfall of 7.87 inches
in 1922 at Armoedswkkte to be insufficient for the develop-
ment of Qasguimzostanus solushisnus larvae in the fasces
to the infective stage. Aecording to Monnig (1931),

P.L. le Roux in 1930 dlagnosed Hasmanehns santortus
( = Tha nlagal)y Coovaria ann., Zuncatomum nblebsbumum end
Casoohazostomm radiatus in cattle, At that time the
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elimatic conditions were those of severe drought. Monnig
in this sane article showed that there vas sufficient mois~
ture in a dung heap for larvas to mach the infective stage
in the absenee of rain, Furthermore hs resovered larvae
from the socil next t0 the dung heap snd suggested that
grass groving around and through dung heaps may earry &
severe infestation of worms into the animal,

Pourie (1942) desorided outbreaks of Verxinosis along
the Malopo River in the Mafeking and Vryburg Areas. After
floods in January and February of 19%l, pools and vleis
Mad remained which he eonsidered assisted the spresd of
veraincsis., Furthermore, hs suggested that spreuting
green grass nsar dung heaps, vidle usually not grazed
would be grazed during times of &rcught and that sandy
soils and the prevailing pihvaphate defieciency may have
fasilitated the spread of verminosis.

The emdryonated eggs and infective larvae of
IXAAlOASRERLYILS SRR .AT® Very resistant to dessieation
(Mnnig 1930, Croften 1948b), Spreat (19%6b) ahowed that
dfssieation was the most impertant inhiditory factor in
the. development of Rupoatomm hhlsbotomum erd in the dry
season these larvae could not develop in pastures apart from
permanent swvamps. Seddon (19503 reported that wet con~
disions were not essential for the development of heavy
infestations in sheep. Although pasture was dry and sean~
tyy green grass sould grev due to subterransan moisture,
Leaking drinking troughs, dampness under troughs lying en
the a0il, frontages on streams ste,. provided sufficient
moisture for the spread of verminosis,

-

Roberts (1951) working in (uesnsland, Australis
stated that verninosis was absent in arees with less than
30 inches of annual rainfall, sxcept during abnormelly
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vet years. Later investigators eonfirmed Monmig's (1931)
observations that suffieient mcisture vas cresent in dung
for larvae to reach the infective stage (Roberts; I'Sulli-
van snd Riek 19%2)., Once dung pads had hardemss Roberts
{ 3951s)stated thet 5 inches of rainfall a meni was neces-
sary for e gmntartig ( = TR. nlagel) to eseeps frca dung
pads, but Cgoverip aap. and Q. radiatum needsd loss raln-
fall, Eowever, inllater investigations they fouad at
uder drought conditions, wvhem livestock comecerntrated &m
small areas in the vieinity of the waterizles ¢slvas bDee
came infested wvith . combortis ( = Ti.clacel)s Zeaisls

Saksxtasis ostacfarli, and Coonaria sop. (Riek Reberts and
0'Sullivan 1993.) They stated thet under drought eondi-
tions selective grasing cculd pot take "loce, and the ani-
mals fed to sedl level and right vy to tiw Sung pad. Under
sush conditions lerval migraticn became lsss irmportunt, >ug
sems migration was essential and this ecould be assisted

by heavy dews which oecurred in the winter. The alserce
of Bunoatosmum phlahekomam infestation of calves led them
to the eonclusion that the distridution of this pa:'nsitov
was governed hy rainfall, and it would not survive i- aress
wvith less than 2%=2% inehes anmally.

Fronm the above reviev it vill bde seen that some inves-
tigators (Veglia 1928, Sprent 1946d, Roberts 1951, Roberts
ot al 1952) mentioned that verminosis eould not be spread
under drought conditions; other vorkers (Womnig 1931,
Fourie 1942, Seddon 1950, Riek et al 1953) showed that
verninosis did cocur under severe drought conditioms; the
reasons for this occurrence wscre 1ot investigated, In the
North Western Cape such aric ecnditicns ocecurred anxi it
vould aprear that eertain species of worms had found local
eonditions in which they were able to tlwive and cause
serious infestations of stoek.
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PRELIMINARY INVBSTIGATIORS,

Before smbarking on experimental work at Armoeds-
viakie it was essential that the species of worms in cettle
in the area be dlagnosed; the prevalence of these species
under different methods of animal husbandry be investigated
attenpts made to ascertain at wvhat season and age stock
become infested, and whioch age groups, suffered most from
the effects of verminosis.

£nacles of lslminthe Loncerned.

The following species wers diagnosed at pozat mor-
tems on farms in the 4istriet, at Armoedsaviakte and at
ths Vryburg Abattoirs-

(1) Hassmcnalus ilassl (Place 1893) Ransom 1911,
The name J,. Rlacel has recently been resuscitated by
Roberts, Turner and MeXevett (195%) who have shown
that this speoies in bovines is morphologically dis-
tinet both in adults and infective larvae from Haguon-
gshua_sontortus (Rud.1803) Cobd 1898 in ovines. The
parasites found by the suthor at pest mortems and the
infective larvas wvere compared with Roberts et al
Gescriptions and vers found undoubtedly %o be
Ha Rlagals this name will in future bo used vhen
referring to this parasite in bovines.

(2) Cooperia pectinaka Rans, 1907,
(3) Sesgobagostosun radiakum (Rud, 1803,) Raill, 1898,

() Bmoatomus phlabokomus (Raill, 1900) Raill, 1902,

These four species were the moat commonly recovered
in order of their prevalenee, Frequently, however,

Gooreria pagtinata veas present in larger numbers than
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lssmonobua 2lased. Seensxia numeiais (v. Linst. 1907)

was oceasionally present and en rare oceasions
Irisbhuris zlghuloss (v. Lins. 1901) Rans, 1911. The
only Cestode of note was Monasis henadisd (Moniex 189)
whieh was fairly prevalent in calves., ITrematodes

vers never recovered,

Field Observationss

Farms seattered over an area 200 miles from East
to Weat and 280 miles from North to 8cuth were visited,
Post mortems wers carried cut vhere farmers wvere pre-
pared %0 saarifice stock and faeoces oollected from
different age groups. Notes were made on the sise of
the farm, stocking rate, available water supplies and
systemg of animal husbandry ete.

It soon becane evident that calves and weaners
vere mors heavily infested ti.n adult stoek, with the
0dd excsption of the old eow., After weaning young
stook lost condition rapidly and only improved at about
18-2% months of age after the change of teeth if sui-
table grazing was availabls.

On dairy ranches calves were more heavily infested
than on beef ranches. Even calves confined to ealf
pens and kraals weres sewverely infested with a med
infestation of parasites. On beef ranches Coanaris srr.
and Ho Rlasal were present with littie other infeste-
tion., The infestations vere wually milder than on the
dairy raneh, and calves were in better sendition,

On farms vhere dairy ranching was practised, with
as little as 7-10 inches annual rainfall, stoek uwere
more heavily infested than their eounterparts on
the beef raneh, under the same climatic conditions.

dalminthiasls at irmeedaviakis.
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This researech station gonsisted of two farms 11 miles
apart known as Armoedsvliakts, 3,800 morgen and Biesjes-
viakte; 3,200 morgen in extent stoeked with approximately
1,000 head of cattle. Water supplies from boreholes were
plentiful and both farms well divided into camps. The

- former vas a dary rangh stoeked wvith Red Poll and h-ioi.
the latter a beef rsnch stoeked with Afrikander and Sussex
eattle, Calving took plase from the lst of November to
the 31st of Jamuary. At Armosdsviaktes calves were separs-
ted at birth from their dams, and st the tvice daily mile
kings allowed two teats on whieh to suskle; the other two
vere milked., Cowv hyres, kraals and ealf pens hed concrets
floors whiesh were eleaned regularly. Three small eamps
were set aside for the calves and grazing alternated ir-
regularly according to the state of the pasture., These
salves had a mild infestation of Coouaria srp., J.. nlassl
e Q._radiakum.

Biesjesviakte on the otlwr hand was run as a beef
ranch, Cows calved in the veld and ran vith the dame
untilwaning. The dams were harced daily into krasls and
erush pens %0 be dosed with bane meal". Dwring the
breeding ssason, from Fetruary to April acows were herded
into small kraals %0 be served and left with the respestiwve
bulls for tlwee hours every morning. The calves accompa-
nied the cows both to the eruwsh and kraals, The calves
VEre more severely infested, than their eocuterparts at
Armoedsvlaicte, not only vith the saxe speeies but with
% Ra.pblsbotomm as well, Dismetrically opposed results
vere observed when comparing the different worm burdens
of stoek on ths farms with those on the experimental sta-
tion,

rf
Notes Due to the prevailing phosphate deficienay in the

grazing all stock sxeept suekling ocalves vers dosed
with bone meal every day.
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The preliminary investigations had shown what spesies
of nematodes were common in the district, and that ealves
and weaners were more heavily infested than adult animals,

BECoLOGY,
Before any rational mesns of prophylaxis could de
attempted, the seology and episocotology of these parasites
had to be investigated,

A, HAICHING OF EQOS AND DEVELOPMENT OF LARVAE T0 THE INFECTIVE
- B8TAGE UNDER FIELD COBDITIONS,

Materials and dethods » ,

(1) Fasces were collected per rectum from 6 or msre
cattle suffering from a mimed nematode infestation.
The fasces were vell nized and the numder of eges
per graa estublished by taking the mean of two or
more separste specimens, using Roberts and 0* Suln-
vans (1950) teebnique with one modification, A
405 suerose solution was used instead of NaCl solue
tion, It was noted that sucrose solution gave better
egg counts, and eggs were easier to see, than was the
case with s3lt solution, iore air budbbles wers forme
el however with susrose solution than with salt solu-
tion, This was overcoms by adding a few drops of amyl
alcohol as advocated by aobort:f ?195133"

(2) Sewenty five grams of the dung was used for s coantrol
eulture which wes incubated for eight days at 26°C,

(3) The remainder of the dung was divided into equal
quantities of 400 granms eashj in two experinents,
however, quantities of 1 Kg. each were used, These
specinmens were shaped into heaps similar to oattle
dung pads and placed in a row next to eash other in
a paddock which had been ungrased for years. They

15/0ecne
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were placed on the bare ground and the surrounding
grass cut off to a height of 5 ems. In a fev expe~
riments the dung pads were placed in the ihn‘o of a
large bush, Due to activities of dung beetles during
surser it was found necessary te protect dung pads
vith vire gause (mosquito netting) cages, This
allowed fyes passage of air light and rainfall and
only termites and ants could get at the dung which

did not have mueh affeect on the dung itself,

(4) Dung pads were eollected at intervals, weighed and the
dung broken inte small pleces and well mixed; suffi-
cient dung was taken for egg eounts and the remainder
placed in the RBaermann Apparatus for 24 hours. The
maximum veight placed in any funnel was %50 grams, so
that the thickness of dung did not excsed 1.%-2 oms.§
poor results were obtained when this thickness was
sxceeded,

When the outer ecrust and the depth of the dung
were exawmined ssparately, dung pads wvere weighed as
before, the crust and depth separated, both weighed
separately and kept apart for the reat of the
examination.

(5) After 24 hours 50 es of fluld was tapped from the
bottom of the funnela, the dung removed, mixed vith
dry sterile cattle faeces and incudbated for eight
days at 26°C, The larvas recovered from the funnels
were allowed to settle in the eollecting tubes for two
to three hours, the supernatent fluid siphoned off and
the sediment examined for larvae in the ecunting
chambers of the Roberts and 0'Sullivan (1950) counting
slides., If the larvae were present in large numbers
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in the sediment a dilution count teehnique was employed
and the total number ef larvae in 2 or & ce¢ of a 50

or 100 cc dilution were counted in the counting slides
a8 follows:

The larval suspension in the diluticn tubes wvas
shaken, snd 0.5 ce pipetted into one of the chambers
of the eowmting slide. Ths process of shaking and
pipetting was repeased until all the chambers had
been filled, A droy of sterile water vas added to
eash chamber to give eonvex amsnisci en the outer edges
of the fluld on the verandah of ths eounting chamber.
If infective larvas were present they tended to svim
tovards the menisei and microseoopy was facilitated
theredhy.

Ths chambers were sxamined microscopically vwith the
lovw magnification (30 dismeters) and larvas gounted,
As many larvas as vers necessary wers transferred from
the sediment in the dilution tude on to glass slides
heat killed and the species of infective larvas iden-
tified on a percentage basis, No attexpts were mnade
to identify the species of preinfective larvae and they

were merely counted,

{6) Larvas from control eultures and ineubated dung were
~oolleoted as follows:

A Baermann funnel vas filled with vater up to 2
inches from the bdbrim., The 1id of the eulture Jar was
washed into this funnel to romove any larvee present,
The culture jar wvas filled with water at 40OC, and
a piece of plastis sheeting placed over the mouth
of the jar, held firmly in position with the hands, the
Jar turned upside down and placed in the Baermamn funnel
gontaining vater, ZThe jJar was tlen picked up slightly,
the plastic sheeting gently removed and the jar allowved
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to reseat itself in the fumnel, While the plastie
shost wvas being removed care wvas taken that the mouth
of the cnituro jar vas below the lewsl of water in tiw
fumel, The plastic sheet was washed into a beaker

to remove any larvae adhsrent to it and the besker's
contents poured into ths funnel next to the eulture jar,

The larvae were collected 20-2Li hours later, Wy
tapping the lower 50 ce into test tubea. Thereafter
the larvae were examined in the same fashion as alrea-
dy deseribed for larvase recovered from dung with the
Baermam Apparatus,

(7) Prnu",unc ~ ¢limatiec eonditions.
The daily variations in the climatiec conditions were
recorded for the experimental peried.

BACERINRNIAL ORSREYVALIONE,

The observations are swruarised in Table No, I,
in the appendix and unless othervise stated whererver
sxperimental numbers are referred to the results will de
found in ghis tadble, A series of 22 groups of Qung pads
were placed in the veld from 15.8.56 to 3.6.57., Bome of

the data shown in the tadle were unreliable and have not
been taken into ascount for the following reasonsst-

(1) Control culture of No. } and incubated eulture from
dung in Ne's. 1(o), 5(¢)y 21(e), 22(4) were not made.

(2) Dung pads vers damaged by dung bettles in Kos. 7,
9y 10 and 11,

(3) Original egg per gram counts of Nos. 17 and 18 were
obviocusly inecorreet.

(4) Hatching of ez in the field.
From September % Mareh all eggs hatched within
b8 days; on the average more than half the
eggs (61%) Matched within two days and nearly all
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the eggs (87.8%) had hatched by the sixth day. In August all the
eggs hatched within 8 to 9 days, dut from April to June,:ith one
exeeption,58-96,.35% of eggs hatched after dung had been in the weld
for periods of 2-3 weeks, In this one exception all eggs hatched
within 13 days in May. (Mo. 19B).

The rate of hatehing is summarised in Tadle No. 1 bhelow,

‘TABLE NO. 1.

Rate of RBgg Hstching in Relation
to Atmospheriec Temperatures.

' N N : s
] Percentage 3Tine 1Maximum Temperatures sMininum Texperatures.s
! Hatehed tdn s k. !
: ;d‘” : Mun°c: Range °C :Hnn % ; Range °C :

t
: 1008 e = 8 31.1 3 28.4e32,6 1 12.8 & 10.1-15.2 1
' s . ' s
: 2008 19 <13t 243§ 22.7a26.7 1 2.6 & 2.6m3.6
t ' : 2 s ' '
t 58-96,.5% $247210 22,6 1 18.,0=27,2 3 342 3 1.5k 3

At higher temperatures eggs hatehed rapidly; at lower tes
peratures, however, there was a certain amount of ineonsistency,
This was probadly due tos-

(1) Marked diurnal fluctuations in temperature, particulare

1y in the vinter vhen differences of 21°C between the
| dally meximum and minimum temperatures were not un-
usual.

(2) Thermograph readincs give a truer pioture of tempers~
ture flustuations through the day than the mere re-
eording of maxinmum and minimus temperatures. 1In
the swmmer, temperatures at Armoedsvlakte remained
high for long periods and only fell delew 20°C fer a
few hours i.,e. from about 11 p.m, to sunrise, In
the winter, however, tesperatures rose above 15°C from
about 10 a.,m. to k.p.n. and remained at a lov level
for the rest of the day; whereas in summer tempers~
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tures exceeded 20°C for 18 hours every day, only for
6 hours dajly d1d temperatures excesd 15°C in midwine
ter i.0. only from 10 a.m, to 4 p.m., During summer
temperatures fell below 20°C for only 6 hours per dayy
in vinter temperatures belew 159C prevailed for 18
hours daily. The ineonsistancies of the rate of

egg hatehing in the winter is explainsd by the fact
that temperatures were mush lower for longer periods.

Eggs hatched nore quickly in the sunlight than in
the shade. In the winter dung pads were placed in
shade or exposed to sunlight, but wers otiwrvize
identical, Those in the shade hatched and larvae
developed more slowly than those in the sun (ocompare
No., 19 with No, 20 and No. 21 with Ne, 22)3 Ground
temperatures were frequently 2-3°C Mgher in the sun-
14ght than in the shade,

Eggs hatehed more rapidly in the erust of the
dung pads than in the deeper lying parts, Whers-
ever the crust and 4depth wers examined separately
lowver sgg counts wers recordsd in the former than in
the latter (Nes. 16{(d-J) 19a, 20-22), This indice~
ted nmore upi.d hatohing of eggs in ths erust, Tea-
peratures in the depth were often 1-2°C lowsr than
in the erust.

8inee evaporation of water was more marked from
the outer surfase of the dung, air was probadly more
plentiful in the gerust and possibly assisted in egg
hatehing.

(B) Zhe marphology af Rre-infectiye laxyas.

It was very inmportant to distinguish the larwal
stages of these parasites from free~living worms, Pure
sultures of the different species were examined mioros-
ocopically, at regular interwvals after incubation of eggs.
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recovered from adult gravid female worms,

Little diffieulty existed in distinguishking infective
larvae from free-living Nematodes. These have bdesa ade-
quately described by Keith (1953). The pre-infective
larvas howaver, vere considerably core diffieult and the
follovwing salient points were used to distinguish them
from free-living Nematodes:-

(a) First stage larvae.

Morphologieally the larvae belenged to the rhede
ditold type. The form of the dody was eylindriesl,
desreasing in sise from the bass of the eesophagus,
gradually to the tail and to a lesser extent to the
head, The length of all the speeies of larvae fell
in the rage of 292-500 wicrensy the maximm bresdth
at the base of the ocesophagus was 19-21 mierons,

The main point of differentiation was the
oesophagus and the best deserijption the author en~
eountered in the literature, of this differeatiation
has deen given by Loos (1911) in his epie work on
Anaylostons dundanals.

The description om page 349 of hs publisation
is quotedi-

"The oesophagus presents division into three sections
vhich is characteristic of the Rhahditidas. This
fact has already been pointed out by ths earlier
writers; but in the AQkyloatoms larvee the three
sections are not nearly so sherply marked off, as in
the Rhabditidas. 7The anterior section is more uni-
form in thiekness (ea 0,009 mm) tlroughous its length,
not distinetly eonical as in the free living Nema~
todes, or even the non-parasitie generation of fireng-
Xlaidas atarcoralisa. 7The transition to the thinner
part takes place fairly gradually, as does the hroa~

dening to the terminal bulb, whieh s en the whole
more slender and wesker than Rhabditas. If these
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differences ars observed, confusion betwesn young

Apkylostoma larvas and those of firongylaidas stexsaralls
should hardly be poasidle,”

8imilarly Moanig (1526) made the cbservation that the first
stage larvae of I, rugatus snd I, instahilis had; “An oesophe~
gus whieh 1is of the usual rhabdigtiform shape, but that the
three regions are not as sharply marked off as e.§. in the

larvae of Jirongylgidas panillosis.”

These observations wers gonfirmed. First stage larvas
of the species of parasitie wvorms studied had an ocesophagus
of the rhabdbditoid shape but the three regions were not as
sharply marked off as those of the larval stages of free-
living vorms., This information combined with the size and
shape of the larvae described above facilitated in making a
disgnosis,

(b) Seecond Stage Larwvae.

These wers more easily differentiated from the free-living
nematodes than the first stage larvas. Seoond stage larvae of
parasitiec verms were eylindrical in shape, of equal diameter
from the base of the cesophagus to the anus (20-21 mierons)j
narrowed sharply to the tail. and the sheath of the tail,
whieh was similar %0 the infective larvae particularly when
the development of the second stage was more sdvanced.

The larval length depended on the stage of development and ve-
Tied wvith the individual species the maximux in J. nhlshotomum
being 500 microns, while the other secies exceeded 70C miarons.

The eesophugus decans slongated, the sorpus and isthwmus
more diffiecult to delineate and the bulbus more spatulate
than the firat stage. The cellular elements of the intestine
became opaque usually deing a dark brown colour, The larvae

were more active,

The species of larvae of the parasitic worms were only
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counting purposes the pre~infective stages wvere differentiated
from free-living voras,

(C) Iha davalooment and aurvival of laryas.
" Larvae developed rapidly to the infective stage from
August to April being recovered after a minimum peried of §
days and more regularly wvithin 8 days. In early winter they
were recovered after 1% days bdbut hed not yet developed in mid-
wvinter after 21 days.

JANLR KQ. 2.
Mean percentages of larvae recovered

from August €0 April.

] ] ' ) s
] t HMean psreentages recovered :Mean percentages recove-i
sNo, of: from field specimens, :ired after incubation,
tdays i 3
t1in 4 t t 1 )
stthe slzt Stages2nd Stage:ird Stage: 3rd Stage ]
idadd L + - + -
s 1 10,328 ¢ - 3 = 3 30.7% s
t (] ] ] 1 (]
1 2 t O :695 t 0O, 07’ | - 1 1%.8% 1
] $ ) ] s ]
1 3 3 2,968 ¢ 0.63% - : 19,85 '
S | ] : s
] ~ 1.18’ | 1108’ | - | ‘.1’ :
] ' ] 3 ] $
s 5 1 1,9% t B35 ¢ 0,528 ¢ 5.6% '
] ] s t ] ]
s & 10,88 : 1.47% 1 1,035 2.,1% 1
1 3 ) ] s
7 1 0.215 1 0.685 1 WA 3 2,38 :
) ] ) ] $
: 8 « 0,55 t 1,008 ¢ 1,k0% 3 3.8% '
s t
: 9 : 0.41% : 0.77% : - 2.79% 1.2% s
t ] ] ] )
: 30 3 - g - s 1.01% 1 0.5% 3

The difference between the numbers of eggs per gramn as
revealed by egg counts on fresh fasces, and the numbars after
varicus periods in the field was considered to represent the
numbers of eggs vhieh had hatched 1.0. the number of larvas
in iho dung. The mean percentages of these larvas as recove~
red with the Baermann Apparatus and again after a period of 8
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days ineubation is shown in Table No. 2.

This table is of particular interst in that it reveals the
very small neraentage of larvae which resch the infective stege
under field conditions whish was probably due to a very high
nortality of the pre-infective larvae, From the table 1t will
be noted that first, second and third stage larvae were at their
optimm on the third, fifth and seventh days respectively.
Further that after eollection of larvae with the Basrsann Appa~
ratus, the incubation of dung indigated that there wvas a dra-
matic drop in the percentags of infective larvae recovered af-
tar three days in the fleld,

The Baermann Ai:pantun is not as efficient in extracting
pre=infective as infeetive larvas and this may scoount to
scme sxtent for the poor reecveries of the farmer. Whan this
extracted dung was incubated both unhatehed larvae and unre~
covered pre-infective larvae were given ample chanes to develop
to the infective stage and these were then more easily reeo-
vered., |

Bge hatehing and the development of larvas to the infeo-
tive stage were slower and more protracted in wvinter, In May
and June first stage larvas were recovered from the fourth to the
tventy=first days; seeond stage larvae from the fourth to the
tventy=-sixth day and infective larvae were not yet present even
arﬁr twenty~cne days. The number of specimens sxsmined in
winter vas not sufficient to estadlish when thi pre=infective
larvae reached optimal development.

(D) Qlimatie Lastara affscting survival of larwas.
(1) Evaporation.

Dus t0o laek of sguipment evaporation ecould not be
measured in the standard fashion. Dung pads were pro-
tected from the activities of bestles and sinee they were
veighed before placing in the field and at the time of

collection, the weight loss was probably due to evaporation.
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This is expressed as a percentage in Table No, 3, in
vhieh three experiments were seslected to indicate the
effect of evaporation and other ¢limatic factors, on

the percentages of hatched larvae recovered from dung
pads exposed to field conditions. The poor larval
recoveries in experiment ¥o, 1% when compared with No,

12 was due to dessication of the larwvae, brought about

by water loss from the dung pad. In the periocd August
to April if dung pads losts 65% of their weight by evapo-
ration &n the first 6 days in the field less than 0,27%
of the hatched larvse reachsd the infective atage. The
higher molisture content contributed markedly $o the dbetter
larval recovery rates in Nos, 12 and 21 but it was notice~
able that larval recoveries were falling off after 3}

veeks in ths latter when evaporation caused 62,5% decrease
in wveight of the dung,

In experiments sumnarised in Table No, I (appmdix)r
it was marked feature thet larval recoveries fyou the
erust of the dung were poor in spite of more rapid egg
hatehing there (Ngd. .. 16(d=3) 19a, 20-22), The crust
was drier than the depth dus to evaporation and probadbly
accounted for the poor larval reeovery rates due to either
death of the larvae or possidbly migration of the larvae
to the uouﬁr depth of ths dung pad,

(2) Zemperaturs.

In the period Awgust to April infeetive larvae were
resovered vithin %=8 days. 1In June they were not yet
present in dung after 21 dsys; 4if Tadle No, I (appemdix)
is eonsulted it appears that the infective larvae were
not only eonspicuous by their ahsrense, having not yet
develoned after 3 waeks, but that specimens in the shade
shoved lowsr larval recowery rates than those in the
sun, due to colder sonditions there. In No, 20a (Tadble I)
the mean maximum was 22,0°C and the mean miniwum 2,8°C
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over a period of 20 days and infective larvae had not
yot developed. The maximun temperatures should have
been adequate for larval dewelopment to the third atage.
However as previously mentioned when egg hatching results
were being described, temperatures in the winter remained
below 15°C for most of the day and Mgher temperatures
aprlied only for the briefest periods. Thus doth egg
hatehing and larval development ocould proesed for shak
periods only in the wintar, |

Conversly higher temperatures applied for longer
periods in the swmmer and probably sccounted for the rapid
development to the infective stage.

The few larvae recovered in No. 21 (Tadble No, 3)
apnreared %o be due, therefore, to a combination of low
temperatures, retarding developaent and the slowly in-

ereasing evaporation causing larval death by dessication,

(3) RBalative Huaidity.

There appeared toc be little correlation between re-
lative mmidity of the atmosphere and larval survival if
the results of Table Mo, 3 are consulted,

(+) Baiofsll.

In the summer the best recoveries of larvae oecurred
vhen rain fell during the first 5 days dung vas in the
field, The distribution seemed to be important, Opti-
mal results vere obtained when rain fell on the 3rd and
bthy or 2nd and Sth days followed by a further fall of
rain (MoJs 8, 12, 13 and 15 Table No, I - appendix),

The abscence of rain probably accounted for the
poor results in No, 14 (Table No.3).

In autusn this did not appear to be so important,
since rain only fell after 9 days and larval recoveries
vere reasonable (No, 16 Table No, I - appendix.)

In winter in spite of rainfall falling in the first

o f*p or 11 days larval recoveries remained at a lowv level
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(Nos. 19, 20, 21, 22 Table No. I = appendix snd No. 21,
Tad, 3).

In spring reinfall on the first and third day, but
none thereafter, assisted larval development to the aixth
day but thereafter larves decreased rapidly (Fo. &, Table
No. I - appendix,) Rain falling for the first tize cm
the sixth day in spring was too late %o have any effect
on the survival of larvae (No. 6, Table No. I ~ appendix,)

(5) &8hade and Sunshine,

Unfortunately this was only tested in the vinter and
eggs and larvae develeped mors rapidly in the sun than in
the shade dus to higher texperatures in the sunlight,
Experiments described elsevhers (vide infra) however
showsd better results in the summer vith specimens in the
shade than those in the sun as far as the reoovery of in-
feotive larvae were concerned,

Temperatures and rates of evaporation wvere thus inti-
mately linked with shade and sunlight, the former lowerirg
the latter exaggerating the effeets of beth temperature
and evaporation,

(B) Effecta of dénviranment on the differcnt aneciss.

The effects of exposure to field conditions on the diffe-
rent species dealt with are sumsarised in Tables Ko, & and 5,
The peresntagss of infective larvae recovered, both from dung
in the Baermann Apparatus snd after further inembation, wers
averaged out in 7 expariments in the pericd September te April
and compared with the mean percentages of the control scultures
and are summarised in Table No, &, Similarly larvae recoverod
from § experiments in the winter {May and June) were averasged
out and compered with the mean of the controls and sumnarised
in Table No, 5%,

On examination of Table No, b species exposed to field
eonditions in dung pads showed little shange after 2 days, dut
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marked changes ocourred after 4 days. Gooperis _spps showed
a marked increase while fi,placel decreased. This tendency

eontinued until the 8th day, while g.radliatum and B.ohlebotomum
renained at almost the saze laevel as the original controls.

In Table No. 5y COOROXAA SRD. and h.placsd soted in
the same fashion, but B.phisbetonup decreased rapidly and Q,
Zadiatiiy not so markedly over a 14 day period when the larval
spescies were compared with tbc controls,

TABLE H Q. 4,
The effects of axposures to field conditions from

] ) . )
(] s dean larval species variations,
' Days s - 4
¢ in ] s s 3 s
] Field sCooperia spps H. plasei :10.radiatumiB,phlebotomun,s

s t s s ]
8 Controls 3 467 ] 3% s 125 7% 3
1 s 3 ) $ s
) 2 ] ads ‘8 33 s 13 ' 105 3
s s P s s s
(] 4 8 S H 20 : 142 9% ]
T 6 T 60F o+ 1 1 15 1 1 :
] E § b 3 3
s 8 : 72% : 3z s 115 s 9% 3

TABLZER N o, Se
The effects of exposure to field conditions in

3 s

] ] Mean larval species variations,

] Days s -

(] in 3 ) ] ) s
(] Field., 1iCooperia spp: H. placel 10.radiatumiB.phlabotemui. t
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¢ Conmtrols 364 : 44% ’ 132 s 75 3
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Before furthar elaboration of these rssults two points
had to be cleared upi=

(1) Infective larvse may have migrated from the dung pads be-
fore they were eollected, This was not possible before
the £ifth day, because no infective larvae were recovered
befors five days exposure. As shown later on, migration
eould only occur after the fifth day provided adequate
rain hed fallen, ZThis was possible in only two of the
seven experiments, from which the data in Tadble No. b
vere calculated, The rainfsll, however, fell only on
the 7th and 8th days respectiwely in sufficient quanti-
ties to cause migration, By this time the species fluo~-
tuations were already marked and would not heve materially
sffected the results,

(2) Ths Basrmann Apparatus vas possibly wore efficient in the
oollection of pre-infective larvas of H, placsl than of
the other species, Since t)w pre-infective larvae
were nerely counted and not identified this could ds pre-
sumed, There waa, however, no evidence to prove this,
The low efficieney of the Baermann Apparatus in collecting
pre=infeative larvae is ahown by the usually larger numbers
of infective larvae resovered from incubated dung, after
it had been in the Basermann Apparatus, than ecould be sccoune
ted for by the unhatehed eggs present in dung exposed for
a few days in the field, Furthermore in eritical testa
there was no evidencs that infective }, placsl larvae wers
more efficiently colleeted than the other species in the
Bagrmann Apparatus. It was, therefore, unlikely, that
less active pre-infective larvas would exiibit this ten-
deney, There 18, therefore, little likelihood that the
results shown in Tables & and &, are false reflections of
the effects of environmental eonditions on the pre-infective
stages of the life cyels.
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1t appeared that Cponaxis sop.were best adapted to the

enviromaent, In the sumner pre-infective stages of G, radlatum
were

and B.phlebotomial, more resistant than H. placel (Table No, 5).
However, in the winter B, nhlsbotomum particularly, rapidly

decreased even after & days in the field vhereas (. .radliatim
eoculd withstand eold conditions for 10 days and shoved a sharp
drop by the 14th day im the field. Hasmouchis nlagal sppeared
to be more resistant to cold, but Copvaris srr. agein e
predominant.

(6) Slimatis Conditionas

Deily veriations in tlw climatie sonditions from 15.8.%6

- 23,6,57 are shown in Fig, 2, Climatic dats were important
in these experiments while eggs vere hatching and larvae deve-
loping to the mfoctin stage, In summer hatching end develop-
ment were completed in 7-10 days but in winter this proeess
eontinued for longer than three weeks, The olimatic data
for the various experiments ere summarised in Table No. 6: pe-
riods of 6-10 days from spring to autumsn and 1426 days in
winter were used, to show prevailing elimatic oonditions, during
periods of egg hatching and larval development,
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winter, thence the

17 = 22 were carried out during the

longer perlods.,

Expericental Nos. 7, 9, 10 and 11 not ineluded ~ due to affect

of dung beatle activity.

Ros.
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DISCUSSION.

The results shown on the previous pages and sumzarised
in Table No. I (appendix) were genersally poor. The elimatic
extremws under vhich these experiments were eondueted were
a nmarked feature of the investigations. While the different
. species of worms were undergoing the free-living stages of
their life cycle in dung thay were subjected to marked diurnal
tezperature variations, the mean relative mumidities were
generally low, rainfall was either adbsent, sparse or fairly
well distributed and adequate (Table No, 6). In addition
high rates of evaporation were common when dung lost up to
702 of its moisture in less than a week, particularly in
spring and summer. It was, therefore, not surprising that
results varied from one extreme tc the other but were general-
ly poor and indicstive of unfavourable -envirenmentsl oon-
ditions.

Temperature appeared to play an important role in egg
hatching and larval development., It has been stated by
Dinaburg (19%4) that i, contortus eggs and larves d4d not
develop bslov a mesn maximum temperature of 65°F (18,3°C)
in the U.2.A. In Australia Gorden (1948) stated that a
mean maximum temperature 63.9°F (17.7°C) was essential for
larval development of this parasite. A similar temperature
was given by Roberts et al (1-952)' for He.nlacsl of eattle.
Crofton (19548d) has shown that all eggs of I. ratortasfarnis
parasitic in rabbits will hateh within 8 days at temperatures
of 55°F (2€C) or more,

Ky findings did not confirm these observations, At
mean maximum temperatures of 25.1°C (77.29F) infective lar-
vae took 2 weeks to develop (No, 17 Table No, I - appendix,)
At a mean of 18°C (64,4°F) and even 22°C (71.6°F) larvee had
not yet reached the infective stage,; nor had all the eggs
hatched after 21 and 20 days respectively (Kos, 21, 22 and 20
Table No, I); the mean maximum temperatures, hovever, were on
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an average 16.5°C to 21.6°C Migher than the mean minimum tem-
peratures, (Table No, 6, Experiments 17 - 22,)

Recently work in Kenys has shown that L.eeniartus will
devalop to the infestive stage in 8 to 12 days if the mean
maxizum air temperatures are 74°F (23,4°C) or more and the
mean minipum temperstures are not less than 526F (11.1°C.)
(Dinnik and Dinnik 1954~5%5), These workers pointed out
that in the U.E.A. and Australia, vhich are countries with
generally temperate climates, the temperatures limit of
4% (17.89C) can generally be applied, but this was not the
case in the Kenya Highlands vhere there were marked diurnal
temperature fluctuations, This was more in agresment with
ths observations at Armoedsvliakte than with those of the
Australian, American and British workers,

In experiment No, 1, the mean maximum temperaturs was
26°C and mean minimum temperature 2.6°C wheress in experiment
No. 20 the mesn maximum and ninimum temperatures were 22,0°C

/ ﬁ;ﬁﬁ&m (Table No, 6). In the former larval develop~
ment vas compieted in 8 days whereas in the latter no infeo-
tive larvae vere present after 20 days, (Table No. I - appen-
dix), There are several possible reasons for this,

(a) Thermograph readings in the winter showed prolonged
periods of 16«18 hours a day when air temperatures

vere delow 1%9C, In spring thermographs showed a

more even distribution of maximum and minimum temperas~

tures,

(b) Gress minimmm temperstures vere 3«5°C lower than mini~
2um adr temperatures in the winter, but seldem more than

2% lower in spring.

{¢) Temperatures in the depth of dung were usually 2°C lower
than temperatures at the surface of dung.

In spring, therefore, wvarmer conditions prevailed for
a longer pericd and heavy frosts were infrequent; egg Mt~
ehing and larval development was thus able to proeeed for ale
most 12 hours a day. In the winter enough varath for larwal
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development to proceed existed for only 6~8 hours a day on
the dungs surface and for even shorter periods in the ecoler
depth of the dung.

Actual freeszing of first and second stage larvae proda-
bly also occurred during the heavy vinter frosts., This free-
sing probably killed pre-infective larvae as was shown for
other species by Ransom (1906); Veglia (1915); Selwarts
(152%) and Monnig (1930.) In the winter grass minimum tem~
peratures of =7,39C (18.89F) were recorded thms giving some
idea of the severity of the frost,

At the other extreme all stages of the free-living life
eysle were completed in 5 days when the mean maximm tempe-
rature vas 329 (89.6°P) and the mean minimm 16.8°C
(62,3°F). Many other workers with a wide variety of para-
sitie nematodea have found rapid egg hatching and lerval de-
velopment at high temperatures (Theiler ané Robertson 1915;
Veglia 19153 de Bllieck and Baud-et 1926, Ortlepp 1929 and
1937; Honnig 1930; Crefton 1948(®) etsc.) In the summer
months minimue temperatures were only approached for a few
hours in the sarly morning, and tesperatures stayed above
the minimal lewvgl for larval dewvelopment throughout the rest
of the day.

Drying and dessication has been shown to be a major cause
of larval death, particularly of the pre-infective larvel
stages (Veglia 1515 and 1923, Mémnig 1930, Ortlepp 1937)
Crofton 1948b; Dinnik and Dinnik 1954-55 eto.) Dung pads
that lost more than 654 of their moisture in the first %7
deys in the field, gave pear larvel reeoveries; in the peried
spring to autumm should rapid dessication have occurred with
no rainfall only 0.27% or less infective larvas vere recovered,
Eggs hatched during this period but few larvae were able to
reach the infective stage. First and second stage larvae
resched optismal development on the third and fifth days re-
spectively. If moisture was inadequate during this period
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larval death vas very marked, Odservations that enowgh
moisture exists in a dung pad for larvae to reach the infee-
tive stage have been made by various vorkers (Ménnig 19313
Roderts 1951; HNoberts et al 1952 and Riek et al 1953).
These vorkers, however, did not show vhat perocentage of
hatched larvae reached the infective stage; although Minnig
only recovered a few larvae, This was probably also due %0
wortality of »re~infective larvae,

When the effesct of evaporation was decreased by rainfall
particularly when pre-infective larwe v.rc present in large
numbers (1.0, 3rd - Sth hy). the percentage of larvme whieh
reached the infective stage was considerably ineressed, VWhen
rates of evaporation were high the best results were obtained
vhen on at least one; but preferably on two separate days,
rain vas recorded during the first five days in the field;
optimal results being odtained when rain fell from the second
or third day onvards.

In vinter,; due to sxtremely low temperatures, in spite
of mueh lower rates of evaporation, pre-infeetive larvae sel-
dom developed to the infective stage. The effects of des-
sication were also observed in winter, where slthough egg
hatehing occurred more rapidly in the crust of the dung,
fewer larvae were rscoversd there than in the moister depth
of the dung pad. This may be dus to either mortality of
pre=infective larvae or their migration to the moister dece-
0P layers, '

Some interesting odservations were made on reagtions of
the different speeies to the envirenment,

The pre-infective stages of Cooneris spp. vere best
adapted to vithstand envirommental extremes of heat and cold,
and 4ry and comparatively dry eonditions. jJasmsnchus nlacal
on the other hand was mugh less resistant to heat, ¢old and
arid conditions. In summer its pre=infeative atages decreased

even more rapidly than those of (. radiatum. and R.chlakotoims
but during the allcler winter months conditions were more
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favourable and this species was able to maintain itself
better. Once it had reached the infective stage hovever,
it certainly was wore resistant than either Q.radiatim or
Banhlabotommm. This was also eonfirmed in exverinents
described elsevhere,

Sasonhagostopum radiatug while maintaining itself fairly
well In the summer months was apparently sensitive to eold
eonditions and fewer larvae were adble to rach the infective
stage, in sxperiments condueted over pariods of lenger than
10 4ays in the winter, than the larvee of {oooerdid SPP.
or I, 2lacsl.

amoatomm chliahotomum meintained itself fairly well in
the warmer months ef the ysar but was sensitive to oold gon-
ditions, According to Selwartz (1924) and Sprent (19%6b)
this speaies 18 aleo very sensitive to dessication, Tids
vas not entirely confirmed in ny experiments, as infective
lorvae were present wvhen no rain was recorded and the dung
very dry (2p) and (o), 5(4) Tadle No. I = appendix,) However,
with vell distribduted rainfall over the first five %o seven
days,; many more larvae reachsd the infective stage., Al
though dung pads yielded fev of these larvae wvhen the Baer-
mann Apparatus vas used, incubdbated dung showed the presense
of large numbers of larvas. Possidly under floeding eondi-
tions the eggs 414 not hateh as readily as those of the other
spesies due rerhaps %0 inoressed moisture of the dung depri-
ving the eggs of air, This aould not de oonfirmed dut
socording to dprent (1948D) eggs of this species need air
to mateh, Although this lypothesis may be feasadle 1%
was nore likely that pre-infestive larvel stages, being very
sensitive to dessication survived under wet oonditions and
were recovered as infective larvae after incubation in the
laboratory. Experiments on infective larvee described
eslsevhwre (vide infra) tended to confirm the latter vievw,
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Investigations were carried out on the hatehing of eges
and development of larvae to the infective stage of Cognarla
spP. Ladlacals Qaradialym and R.ohlabokeeum under field
conditions,

The following observations were mades
(1) Rggs hatched within eight days and infeetiwve larvae wers

recovered after a minimum period of five days in summer

but more frequently at seven days from spring to antum,

First and sesond stage larvae reached thelir optimmm

development on the third and fifth days respectively

and infective larvae on the seventh day,

(2) In winter h2i of eggs had mot yet hatched after 21 days
in the field and no larvae had reached the infective
stage wvhen temperatures ranged from a mean mininum of
1.5° to a mean maxium of 18°C,  Protracted develep-
nent of the free-living stages wvas ponihli dus net
only to diurnal temperature fluctuatioms bdut also to the
long duration of coid conditionsy lowsr temperatures in
the shade than in the sungy in the depth of dung than on
the surfaces; grass sinimum temperatures as mush as
3=59%C lower than air tesperatures; heavy frosts possi-
L1y causing freeszing and death of pre~infective stages.

(3) Marked evaporation occurred frem spring to autwm,

When moisture loss dus to evaporation cawsed a deersase

of 65% or more in weight of dung within the first %57

days, very fev larvas reached the infective stage.

(k) Eggs hatched more rapidly but less infective larwae
vere reccversed from the crust than the depth of the dung,

(5) Rainfall on one but particularly en two separate days
froa the sesond to the fifth or sixth day, caused opti-
zal conditions for larval development from spring to au-
tumn, In the winter rainfall mede 1little difference
to larval dewsleopment snd temperatures appeared to be mere
important,
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(6) K o ocorrelation existed between relative huddity of the
atmosphere and larval development, The affect eof
shade eonpared with sunlight in the winter had its
main affedt in the modiffication of temperatures and
rates of evaporation.

(7) SCogparia anp. were well adapted to extremas of hsat and
cold, dryness and dessiestion, Jl,_nlacel were more
sensitive toc hot urid sonditions dut more resistant to
colds Q. radistum was resistant to hot dry conditions
but nmore sensitive to cold winter conditions,

Ba. hhlahatosum although occasionally resovered under
very dry conditions at high temperatures, wes very sen=
sitive to ¢o0ld, and only present in large numbers

vhan well distridbuted rzins provided adequate moisture
for larval development in the sumner,
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B. ACTIVITY AND SURVIVAL OF INFEC-
TIVE LARVAE UNDEF FIELD CONDI-

IIONS.

MAIRBLALS AND MeLIODSs-

(1) Infested dung was collected from the rectum of two
or more infested animals, shaped into a dung pad and placed in
various positions in the veld to simulate natural defaecation.
sméo dung beetles were very active from November to April most
dung pads were placed in a protected position in the open for k4e5
days to arden before being placed in the veld, In the hard dry
state dung did not attract the beetles so readily,

(2) To trace migrations both the infested dung pad and
the swrrounding habitat were examined for larvae, Specinens were
therefore, collected and placed in separate ladbelled containers
as follows:-

A, Dung nad,

B, 5So0il to a depth of 2 cm, under the dung pad.

C. Grass adjacent to the dung pad,

D, Greass roots adjacent to tho dung p:\d.

B. boil 2 cm, deep adjacent to the dung pad. The order
of collection was Cy Dy &, A, B,

(3) Rotes were sade on ths day of collection as follows:-

(a) Date the dung pad was placed in the veld and the date
specimens were collected, |

{b) Number of days in the veld,

(¢) The dung was measured and exnressed as the maxirmm and
minimum diameters on the lower surfrce and the maximum
height e.g. 20 x 18 x 8 em,

(d) The durrounding vegetation, height of grass, bushes
etc, was noted,

(e) Since dung beetles often removed manure to the unders
lying soil and dung and soil could not be separated, it
was included in the specimen B,

(f) Where horizontal or lateral migration was being investi-
gated grass and soil furthest from the dung pad wvas
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rad.

When vertical migration ves being invastigated the tops
of the grass were out off first, thereafter at various
heights above the soil surface to gound level,

(k) After transfer to the laboratory specimens weres-

(a) Weighed, placed in the Baermamm Apparatus using a techni-

que similar to that advocated by MOnmnig (1930). His

technique was modified as follows:=-

(1) Dung was broken intc small pieces with a pestle
and mortarjy no speeimen in any funnel exeeeded 50
grams in weight, nor di4 the thickness of dung
exceed 2 cm, Eimilar remarks applied to humus, but
sand was not weighed and the t*ickness of material
only, was teken into em;dcntion.

(2) Large funnels with a 20 en, dismeter were used and
mutton cloth in place of linen,

(3) Grass roots were cut lnto small pleces and only
30 grams were pluced in funnels,

(b} After 24 hours in the fummels, 25 cc., of fluid was

wvithdrawn from the bottoz of the fumnels and left for

Z=3 hours to sottle in the colleeting tudbes, The super-

natent fluid was then siphoned off and 2-3 cc, of the
sedioent left for sxamination,

(¢) The metnods of examination of larvae have alresdy deen

deseribed in the previous experiment,

(5) Prevailing climatic conditions.

The daily variations in the elimatic conditions from

June. 1955, to August, 1956,were recorded,, |
EXPECLMENIAL, OBSERVATICIS: -

A total of 58 experiments was carried out over the period
23/6/55 to 7/8/56 and dung pade vere left in the veld for periods
varying from 7-105 days. ‘

The results of these experiments are summarised in Table No,
IL in the appendix and wherever reference is made to experimental
numbers, the results of these experiments will be fo\mdlin this
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Table, unless otherwvise mentioned,

(a) Development of larvae to the infective stage.

This haz been »ore fully deelt with elsevhere (vide
surra) but two important points as an sddendum to those experi-
ments were noted here,

In the surmer months more larvas reached the infeetive
stage in dung protected from sum by the surrounding vegetation,
thaa those exposed to the direct sunlight,

Poor recoveries of larvae invariably ooccurred from
dung pads that had been attacked by dung beetlesy possidly due
to the affects of increased evaporation pgiving rise to dessication
and death of the preinfactive larval stages (Nos, 24-28, 30=33 and
35).

{d) The distridbution of infective larvae in ths dung ped,

In experiments described elsewrere (vide supra), it was
shown that more larvae reached the infective stage in the depth
of the dung pad than in the crust, In 25 experiments the hard
outer crust and the molster,; deeper layers wers examined separately.
In 22 of these expaeriments considerably more larvas were recovered
from the depth than the crust, tlus confirming the observations
in the exveriments praviously deccribed. In three cases however
the opposite was trus (Fos. 12, S1 and 55). A further experinent
also yielded more larvae in the crust themn the depth but in this
case a large proportion of the depth vas included with the crust
(Ro., 58). ost of the speciumens with mors larvas in the crust
were collected in the winter,

A further subdivision of dung pads vas made in 5 experiaments,
The crust wvas examined as before and the centre portion or depth
divided into two layers, unner and lower layer,

In four of the experiments the largest number of larwee were
recovered in the upper layer, i.e. ths portion lying just under
the crust, (Nos. 17, 19, 38 and 48), In three experiments the
ilover layer had more larvae than the crust (Wos. 17, 38 and 48),
but in one case the opnosite was trus (Mo, 19). The latter was
artifically moistened by having water dripping next to it,
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In one oxperiment, wnt/tho lnrue wvere recovered from
the crusty less in the upper layer and least in the lower layer.

In this experinent active vertical migration had taken placej the
crust was very soft under the influence of heavy rains (No, 42),
(e) Migration of infective larvee from the dung pads.

Larval migration vas governed by rainfall, In the ad=
sence of rain or wvhere rainfall wvas very limited no migration
occurred (Nos. 54 12, 26, 52 and 56), Little or no migration
occurred under the influence of 14,0 mm, (0.55 inches) of rain
whieh had been preceeded by a comparatively dry spell (Nos, 22 and
23).

Larval migration occurred when 32 mm, (1.26 inches) of
rain fell in the first 48 hours followed by 6.5 mm, (0,26 inches)
on the tenth day vhen specimens were collected, (No.29.). Similarly !
when 55,8 mm, (2,19 inches) fell on the second day followed bty
11,1 m, (0,43 inches) from the eighth to the eleventh day when
specimens were collected, larval migration ves found to have
occurred (No.43).

In tlese two experiments most of the larvae migrated to
the soil, but some vertical aigration on grass blades also occurred,
In an experiment conducted over 7 days where 19 mm, (0.75 inches)
fell on the fifth day the rain caused migration, most rmigration
being to the soil under the dung pad (No.39).

Hassive migration occurred for limited periods in Decen=
ber, February and Marech, Well distributed heavy rains occurred
during these periods. 1In all cases rain fell on one, two or three
days in the first 8 days the dung was in the veld. In one of these
experinents conducted over 8 days rain fell on the Sthy 6th and
8th days a total of 116.0 mx, (4.6 inches) being recorded, and 83%
of all the larvas rocovered were from the grass, In addition horie
zontal migration of over 50 cm, from the edge of the pad had
occurred to the grass end soil (No,42), In another & experimentas
wvhere rains were well distributed, the totals varying from as little
as 404 m, (1.59 inches) to as much as 127.7 mn, (5.0% inches)
over the whole period the experiments were conducted, massive lare

©Umvera}y migration on_ had occurred, and 415 « 90% of all larvas recoversd
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An sxperiment which ran for 9 dsys, vhere the rainfall
recorded from the kth to the 6th day vas 26,0 mu. (1.02 inches)
followed by 25,5 mr., (1,01 inches) on the 9th day did not cause
more than 17: of all the lsrvae to migrate, Fowever, & fewv larvae
vere recovered from the grass and soil 80 em, from the dung pad
(Fo, b46).

Larvas were recoverec from grass 20 cm, above the soll
surface in an experiment which ran for b4l days, All the rainfall,
a total of 172.0 xm. (6.78 inches) fell in the first 2 days,
there being no rain recorded during the last 17 days of the experi-
ment (No,h9).

(d) Migration of lcrval aspeecies.
| The results of species migration are summarised in Table

Ho.7.
ZABLE NCo 78 Percentage of experiments in wtich
—adlYAl zdcration ooourreds
) : :
s t Site of Larval Migntion. )
] Species s - 3 3 ] s
H ' B, % C. 3 D. $ E. H
re N - -+ - N
t Cooperia spp. 8 93.5% 3 W0,3% 31 27.6% 3 U315
% t : s ] H
s H, placei. 3 32,78 3 25.9% 31 20,7% s 2,15 3
3 3 s ] s s
s 0O, radiatunm, t 25.9% 1 17.2%8 s 12,1 ¢ 27.6%8
3 ] ) ] ] (]
s B, phlebotomum. 3 12,15 - : - 1 .28 1t
i | i A. - . i 8

B e B80il under the dung pad,

C s Grass sdjecent to the dung ped.

D & Grass roots adjacent to the dung pad.

E =« 8011 2djecent tc the dung pad,
Soonaria spps

Thege species uere the most active migrators from the dung wnder

extremes of heat, cold end drought.They were the most frequently
recovered larvec of all species dealt with and ‘.erc recovered 80 em,
in the soily 70 om, on the grass, from the edge of the dung pad
(d0.46) and migrated over 20 em, vertically on grass (No. 49 Tabdle
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As can be seen in Table No,7 this species was not as active
a migrator as Cooparia app. When good rains fell thii species
was particularly prominent but was also found to have migrated
under less favourable conditions. Horizontally it was recovered
from grass 80 cm, and from soll 70 cm. from the edge of the dung
pad (No. 46), It migrated vertically over 20 cm. on grass (Ko,t9).
Qeacphagostonu: radlatum:

This species 4id not migrate as fregquently as the species
mentioned earlier but was recovered more frequently than },placsel
from the soil next to the dwmig pad (Table No. 7). However, it
only zigrated hrorizontally 30 em., in soil (No.41l) but was recovered
from grass 50 cm, from the edge of the dung pad (Nos. L1l and 42),
Vertically tXis species only migrated up to 5 cm, on grass (Noa.
35 and 43),
aupnostonum ohlebot wayg:

Trds species was not really an active migrator from dung and
was only reccvered in tlw soil, more frequently beneath, and less
s0 adjacent to the dung pad., (Table No.7). The larvae although
recovered from the soil adjacent to the dung pad were confined to
the soil right next to the dung pad (fos, 30, 33 and 42), This
snecies was never recovered from grass or grass roots,

(e) The role of insects in larval migration.

Under field conditions coprophmgous beetles, termites,
ants, etc., frequently attacked dung pads and removed the faeces
to the underlying and adjacent soil. These small pieces of manure
could not be separated from soil specimens. It is feasable that
infective larvae developed in these amall pileces of dung. Where
dung beetles had been active, 30il beneath the dung ylelded infec-
tive larvas when climatiec conditions were unfavourable for migra-
tion (dNo's. 13, 18, 24, 48 and 57), as well as in the adjacent
soil (Nos, 18 and 57). There was possibly enough moisture, even
vhen minute quantities of rain fell to stimulate lerval migration
from the underlying soil containing this menure, to sccount for

the recoveries of larvae on grass under extremely unfavoursble
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conditions of rainfall for larval migration, it was difficult to
asess, whether rainfall, or bestles, or both wvers responsidle for
aigration (Nos, 20, 27, 28, 33 and 35).
(£) The survival of infoctive larvae.

The maximum number of days larvae survived after infes-
ted cung was placed in the veld 1s summarised in Table No,8,

Loooaria aune. were the most resistant larvae regardless
of the site of larwval recovery, followed by 1, Dlacal, C.radiatus
and B.phigbotumum in that order. It was interesting to note the
similarity between li,placei and C.radiatum in the maximum survival
rates on grass, and the longer period Q.radiastup survived on grass
roots compared with :;placel.
ZABLE _J0.81 Maximun nurber of days infective larvae vere

»

s 1 8
i Specieaz fSitmofI.au'mlF.;ca'vor]r. ' W.}
H ] A ] B 1 c H D : B 1
i F 3 i 3 i i
3 t s s 3 s s
' : rne 3 ™05 3105 ¢ 93 : 10k s 105 3
s 3 s 3 : $ - 2
s Ho nlscal T 105 ¢ 10k ¢ N1 : 28 t 10 3
s , s : ' 3 3 s
s Q. radlatune ¢ 105 ¢ M2 3 k1 : B4 s 67
: s 3 t ) 3 s
t Baphlebotopug ¢ 26 3 25 3+ - ¢ - 3 25
F e 1. . & y { . 1 . A

Ae @ Dung pad.

B, = Boil under dung pad,

C. » Grass adjacent to dung pad.

De » Grass roots adjacent to dung pad.
E. = 8oil adjacent to dung pad.

% = Days.

Tables Nos. 7 and 8 were compared and it wvas noted that mi-
gration amd survival followed essentially the same pattern, with
& few uinor differcnces when j, olacel and (., radistum were conme
pared, In this connection the frequency of larval migration was
more lmportant than actual survival rates in isolated cases.

Poor rccovery rates of larvae occurred whon experimemts ran
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menisy in one the dung xass wn;g}airi} large and rainfall was well
distributed; the other was conducted in autwmn and winter under
colder conditions (ios. 38 and 58),.

Apart from the two excertions mentioned, lsrvae were recovered
in large nunbers only when the experimental period 4id not exceed
24 days (Nos, 1, 17-20, 23, 29, 36, LO, U2-Lh, LEL8 and 53). 4
fair number of larvae were recovered in two experiments which ran
over 40 and 41 days (Nos, 22 and 49 respectively).

In experiments described elsevhsre (vide supra), the =inimum
period in which infective larvae developed in dung padc vas five
dayse The results of these experiments indicate good recoveries
of infective larvas up to the 2ith day 1.e. after infective larvae
had been present for s nmaximum period of 19 days. Thereaftsr the
mortality rate incrcased sharply and larvae ueie rarely recovered
in large nurbers after the 25th day, excent in isclated dung pads,
or in s:all numbers where migration had occurred.,

(g) Fizration of infective larvae to grass,

Distridution of rainfall has slready been mentioned as
en important fsctor In lurvel migration. 45 five deys is the ninie
mum perlod roquired for infective lurvae todevelop to the infective
stage, rainfull in this ner.cd wculd assist larval development
to tha infective gtage and thereafter masist larval i:gration.

In Tadble Nc.9, four experiments wheare larval nigration
to the grass occurred sre coinsred. Heavy rainfall partieularly
after the firth day explained the ercellent mirration in Experiment
No.k42, Although the actual total amount of rainfall for the period
vwas less in No, Lh, than in either No.29 or 46, a higher percentage
of larvae migrated in the former when coupared with the latter ex-
poeriments,

Apparently the rainfall that fell aftor the fifth day
accounted for bhetter nigration of larvae to the grasag althcugh
in this periocd only 10.2 mm, (0,40 inches) icore was recorded in No,
Ly than No. 46, It vas interestin: to note that as 1ittle es
6.5 mr. (0.26 inches) in No, 29 after the fifth day, was probably

responsible for cizration of 10 nericant of thw infective larvae

. 50 ragg, . _ .
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In experiments where horigzontal migration was measured
tne largest percentage of larvae were recovered within 10-15 em ,
from the edge of the dung pad (Mos. W1, L2, Lk, LS47), It was
allo‘noud timt the largest proportion of lasrvae were recovered
at heights of less tian 10 cam: . and aecreased in numbers the hgher
the grass was cut off from the soil surfsce (Nos, 41, M, L5, 47
and 49). &xhereas in one experiment 50> of the larvae were recover—
ed belov 10 er, and a {'rther 28% between 10 and 2C cm., only 22%
vwere found in grz.d from 20 cm, upvards (No, 49). ifigration on
grass was most marked where the grass was thick and formed a “mat”,

(h) Prevailing climatic conditions.

The climetic conditions prevailing during the experimene
tal period (26/6/55 -~ 7/8/56) are sh:owm in Fig. §o. 1. Thes monthly
rainfall is included in Table Ko, 10, and in Table No. II relevant
climatic data for the period eaeh experiment ranare also s-own,

It will be noted that during the experimental period little
or no rain fell except for 3 months in Deceumber. 1955, February and
March 1956, when rainfalls vere good. Marked diurnal texperaturs
variations occurred. In July the mesn minimua was 0.3°C (32.59F)
and the mean manimum 20.7°C. (69.29F). In January the nmean mini=-
mum was 15,9°C (60.6°F) and the mean zeximum 31,6°C (88.8°P.) Mean
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JABLE NO,10: Monthly Hainfall at Armoedsvlakte from July,
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Generally spesking the results of thesa expsriments were dipe
appointing. No lusrvae wore recovered in 125, less than a hundred
in 35% and between s ‘undred and a thousand in 19% of the experi-
ments respectively. Only in 33X of the experinents were more than
one thousand lervae recovered, of wiich 2u£ had one to ten thousand,
and 108 nore thanm ten thousand larvae respectively, The poor re=-
sults were vnrobably due to edverse climztic conditions, the surroun=-
ding habitat, survival of lervee and secondary causes {(e.ge dung
beetle activities).

It has been shown in experiments de:cribed eluevhere that Ac
larvae reash the infective stage in the cold winter nmonths at tems
perature varving from a mean ~dnimur of 2.6°C (36.7°F) to a meen
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maximum of 22,7°C (72.99F).“’&;;:’2;:;;raturea in spring were
adeguate for hatching and larval development, drying and dessica~
tion due to evaporation caused death particularly of the preinfec-
tive larvae, 3Similar results were obtained in summer vhen no rain
fell during the first 6-7 days dung pads was placed in the field.
The negative and poor results in spring and in hot dry periods in
summer werses drobably dus to death by dessication of preinfective
larvae, This has been the experience of many other wvorkers with
different species of strongyloid worms (Kansom 19063 Veglia 1915;
Theliler & Robertson 19153 Schwartz 1924; Mdnnig 19303 Ortlepp
1937; Crofton 1948 (b); Dinnik & Dinnik 195%=5, etc.).

It was noticed that dung which had no protection from
the sun during the day gave very poor results., Partial and deep
shade yielded more larvae under similar conditions, This was pro-
bably due to the temperature causing higher rates of evaporation
in exposed dung pads. Dinnik and Dinnik (195%-5) working with
daszonclius conkortus found similsr results in the dry acalon.. In
winter in one experiment however large numbers of larvae were
recovered from a dung pad exposed to the sun (No.53) amd only one
lurvae recovered from dung lying in the shade (No.52). In these
cold conditions exposure facilitated development whereas shade
retarded development, due probably to higher teaperatures in the
former assisting development to tle infective stage, whereas the
temperatures in the shade were too iow to allow the preinfective
stages to reach the infective stage,

Poor recovery rates were recorded when sxperiments
ran for long periods, with one =major exception, the last experiment
conducted over 105 days from April to Auwzust (No., 58). In this
experiment l:rvae develcped to the infective stage in autummn, 1.e,
they survived the whole winter, przctically all being confined to
the dung pad. The life expectation of larvae in other experinments
througliout the year appeared to decrease sharply after the twenty-
fourth day of exposure to field conditions., This observation was
of lmportance in that it indicated lrow long heavy infestation could
resein in a pasture, and would have to be taken into account in the
prophylaxis of veruinosis by pjsture mansgenent,
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rancher in the control of verminosis, Wherdever thess beetles

had been active larval recoveries from dung pads were very poor,
due doubtless to the asration of dung, assisting evaporation snd
aecelerating the dessication and death of preinfective and infec=-
tive l:rvae, By the mechanical removal of dung psrticularly from
the lower sutfaco to the underliying and also adjacent soll, thess
beetles probably accounted for the large number of experiments

in which larvae were present in the soil, psrticulsrly underneath,
but also next to the dung pad., It was a feature of these experi-
ments that wherever dung pads were hollowed out by beetles, larvae
were recovered from the soil beneath the dung, Dung pads protected
from beetles did not ahow this phenomonen to the same extent; un-
less rainfall had been present., It is suggested that beetle
activity was the main reason why larvae were recovered from soil,
and not the zigratory hadbits and positive heliotropism of tie
larvae as suggested by Ménnig (1931). In most cases MSnnig found
nore l#rvac in the so0il next to rather than underneath the dung
pad. This observation was not confirmed in most cases in the
experiments described above, in fact the reverse was obsorved,

From the observations trat larvae could be recovered
from soil underneath and adjacent to dung pads, it appearsd reaso-
nable to assume that a few would be found near the bases of grass
tufts, This was actually the case. Veriy 1ittle rain would then
be necessary to stimulate larvae to nigrate on to grass, as shown
in certain experiments (Nos. 1C, 11 and 18),

In the dung pad itself most moisture is retained in
the so-called depth of the dung pad, snd more larvae were recover=
ed in the depth than elsewhere. This was possibly due to either
death of preinfective larvas in the dffer crust or migration of
these larvae to the moister: and deeper layer,

Migration of larvae in the dung pads wvas hovever ine
teresting. Only in one experiment was it noticed that active
vertical migration was taking place in the dung pad, where rain-
fall had been very heavy indeed and the crust of the dung pads wvas
softened thereby (No.42). In most of the cases where active
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migration occurred under the influence of rainfall lervac vere
recovered in large numbers in ths soll, particularly beneath the
dung pad, Possibly the hard crust of the dung did not allow
passage of infective larvae from the depth but since the soll sure
face layers were softer they esould escspe to the ground., This
nigraetion did not include the effects of dung beetles, since it
was present oven wiwn dung beetle activity had been excluded, In
one experiment wvidch ran over seven days and 19,0 sm, of rain wvas
recorded on the fifth day, only downward migration oceurred (No.39).
In another two experiments a rainfall rimga of 11,1 = 19,0 mmey
after the fifth day caused most of the infeetive larvae to migrate
to the soil beneath the dung ped (Nos. 38 and LO), With slightly
higher rainfall larvae were also recovered from the grass but the
larger percentage of migrated larvae were still found in the soll
under the dung pad., It appeared therefore that a rainfall range
of 11-19 mn, (0,43 ~ 0.77 inches) stimulates downward migration of
larvae into the soils; soms larvae, hovever, were found on adjacent
grassy marked larval migration to the grass was only noted when
heavier and well distributed reins fell.

A significant observation was that even heavy dews in the
absence of rain failed to cause larval migration to thw grass,
although 0.3 per cent of the larvae were found under the dung ped
(Bo. 48). This is not in agreement with the views of Australian
workers who statec that heavy dev would assist migration from dung
pads (Riek Bobort:} 0'Sullivan 1953). :owever, once imrvae hsd mi-
grated from dung pads devw would undoubtedly assist further migra-
tion.

Of great practical importance is the axount znd distri-
bution of rainfall necessary for significant larval xigration to
occur to the grass. The amount of rainfall necessary, for signifi-
cant larval migration was from 40,4 mm, upwards. Of greater sig-
nificance however vas t'e distridution of rainfall, It has already
been shown that rainfall during the first 5«6 deys assisted larval
developnent, Once infective larvae were present further rainfall
would assist in larval migration. The important rainfall for lar-
val migration would thus occur after the fifth day. This point &
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shown in Table Ko.9. A rainrul range of 6.5 mm, to 26,7 mm,
after the fifth day caused only 105 of the larvae to migrate to
grass, whereas 36,9 mm, falling after the fifth day caused the
migration of 455 of larvee to the grass, i.e. a were 10,2 mm, of
extra rain falling when infective larvae were freely available
increased larval migration to the grass by 35%,

According to Rogers (194%0) light intensities of 62 f,.c.
have been showm to be optimal for larval activity., These intensi-
ties exist under English conditions from half way down the grass
to the base depending on the brightness of the day (Croftom 15%8a).
Light intensities at Armoedsvliakte during sumsmer apart froa cloudy
days which were rare, were probably high dus to the fact that grass
tufts wvere scattered, Consequently specimens were collected from
dewvn to 7 a.m, w:ich according to Rogers (1940) would be nearly
optimal, liowever Crofton (19%9) found more larveae on grass from
12 noon to 5 p.m, than in the early rorning when dew vas present,
He stressed the faet that migration of larvae was impossible bdelow
10°C (50%) and 1t was fallacious to sssume that mcisture only
would control larval activity, In the summer months at Armoeds-
vlakte minimum daily temperatures were usually in excess of 12°C
(53.6°F) and as righ as 20°C (68°F) so that temperatures at dewn
vere adequate for larval migration. Apparently in England this is
not the case.

The yartical distridbution of larvee on grass goncr‘ny'
followed the experience of other workers who found most of the
larvae near the base i.e. lower 2-3 inches of grass, (Taylor 1938,
Crofton 19%48a). In these experiments more larvae were recovered
in the lower 5«10 cm, of grass than highsr up although a few larvae
vere found in one case to have migrated as nueh as 20 em, vertie
cnliy. The nurber of larvae recovered from grass appeares to be
greater where the grass wvas thicker, This agreed with Kauszal's
(1941) observaticn, On the other hand vhere optimal larval =igra-
tion vas taking place in five of these experiments (Nos, 30, M1,
L2, Uk and 45) 1% - 90F of available larvee were recoversed from
the grass, This percentage is zuch higher than the 16% observed

Kauzal,

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



RIA

The horizcntal distribution of larvae on grass showed
that 72-100% of the larvae were recovered wit'dn 15 em. ., of the
dung pad. The numbers of larvae decreased rapidly, as the distance
from the dung pad increased. The maximum horisontsl migration on
the grass of li._placsi was over 80 em . whereas £Qooaria gop. were
only found up to 70 cm . from the dung pad i.e, within a redius
of 89 and 79 em ., respectively from the centre of the dung pad
(Ho, %6)s

In this particular experiment the grasse wvas fairly dens
but did not form a continuous thick mass around the dung pad,

Most of this migration wae influenced by rainfall of 25.% mm,
(1.6 inches) which fell the last 24 hours befors the specimens were
collected, This may possidbly have caused a 1ittle flooding and
assisted in disseminating ths larvae over & lerge area,

The behaviocur of the various species of larvae differed in
eerﬁa&n important aspects,
LooReris app.

These larvae were the nmost drought resistant, lived
longer under verious climatic conditions in the dung, soil, grass
and grass roots and migrated and survived vhen nc other species
was found. This observation confirms work done in Australia
(Roberts, Riek and 0'Sullivan 1952). 8ince almost a pure Cooperia
Leactinata infestation was present it wan be stated that tiis
species can withstand cold better than li, placel.
dasnguelng. ulagsl «

Although not as resiastant tc drought as the previous
species it vas recovered from grass in small numbers under very
unfavourable circurstances,

In comparison with Cooneris spn, it survived as long
in dung and soil, altiough not as frequently, but died off more
rapidly in the grass and grass roots than Cooverig app. did, When
conditions were optimal for larval migration it vas however more
prominent than the former species,

Lascohagostonun radiatim.
Both this species and B.phigbotunuz were for unavoidaw

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



ble reasona not available initially in infested dung to the sane
extent &8 ths first two species rentioned, It would be wise there-
fore to treat the results of the behaviour of the infective larvae
of these latter two specles with reserve,

It vas found that Q.radiatum did not migrate as readily
as elther Cocpurls sope o H.pligel dut was rccovered more fro-
quently than the latter from the soil adjacent to the dung pad,
but less frequently elaewhers. It survived longer on grass roots
than H. . alagels the saxe length of time on grass and dung bdut
shorter periods in the soil,

Runostonus LhleLoLUENE.

This species wvas the zost sensitive to adverse clizmatie
conditions. It neithar lived as long nor xigrated to sny appre-
ciable extent vhen ecompared with the other apecies. Its maximum
survival rate from the time dung was placed in the weld was 2. days
in the dung pad and 25 days in the soil, It was recovered on a
fev occasions from the soil beneath the dung pad and only rarely
in the soll mext to the dung. It did not migrate to the grass, sh
observation alsc made by Sprent (19%6b) who stated that they re-
mained in the dung., He did not mention whether they aigrated to
soll, His first observation was confirmed by these observations
but altlwugh more fregquent ta duag, larvae vere also recovered
from the soil ih these experiments.

Australian workers have stated that B.phicbetumum will
not survive in areas with sn average annual rainfall of less than
2+ to 25 inches (Riek et al 1953). This observation vas not eon-
firmed. Over a 1L month period in these experiments 21.6 inches
of rain fell, This species was recoversd in 25.8% of the experi-
ments from Cctober to May inclusive, in which period monthly rain-
fall varied froa nil to 6,9 inches,

SIDRIARX .

Btudies were carried out on the activity and survival
of infective larvae of Cooneris 89%%.s Haplacel, Q.radiatum and
Badllobotamug, under field conditions., The following observations
vers nades-
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(1) Fifty-eight experiments were carried out over a periocd of
fourteen months, Eleven of these months had 1ittle or no
reain, Three months had monthly rainfslls varying from 127.9-
175.6 mm. (5-6.9 inches).

(2) Only thirty-four Jer ggnt of experiments gave satisfactory
results, In most cases these experiments were carried out
in suzmer in periods when rainfall was sdequate, dung pads
were placed in arcas pnrtiany or wholly protected from the
sun, the experimental periods were short and dung beetle
activity excluded,

(3) Sixty-six por genk of experiments gave unsatisfactory results
due to one or more of the fellowing factors,

(a) Adverse climaiie conditions,

(b) Owver-exposurs to sunlight.

(e} Long term experimental periods,

(4) Dung deetle activity,

(4) Larvae were usually recovered in dung pads in greater numbers
in the depth, which lay between the outer crust and ground
surface layers, than either the crust or ground surface
layers.

(5) Migration from dung wes influenced by rainfall as follows.
(a) Under the influence of 14.0 mm, (0,55 inches). of rain
after a fairly dry period larvas failed to migrate,

(b) When rainfall cccurred in the first five days dung was
in the field a rainfall range of 11-19 mm. (0.M43~0.77
inches) thereafter stimulated zigration of larvae mainly
to the soll,

(¢) In experiments which ran over periods of 9~12 days and
rainfall hed bdeen recorded in the first five days,
rainfall thereafter caused greater or lesser nigratiom
to the grass. Vwhen 6,5-26,7 ma, (0.26-1.05 inches) of
rain fell after the fifth day only 10% of the larvae
migrated to grass, dbut if 36,9 mz. (1.15 inches) or fain
fell in this period L6% of the larvas migrated to the

grass,
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(6) Cooperis app. larvae migrated horizontally 70 cm. On grass,
80 cm, in so0il and 20 cm, vertically on grass. They
migrated more fregqusntly and survived longer than any
other species under fleld conditions.

(7) lasmonehus placel larvae migrated horizontally 80 em,
on grass, 70 cm. in soil and 20 cm, vertically on grass.
They migrated less frequently and survived as long in dung,
almost as long in soil, but much shorter periods than
Looparia xDD, on grass and grass roots.

(8) Qesophegostomus radiatug lsrvae migrated horizontally 50 em.
on grass, 30 cm, in soil and 5 cm, vertically. They
migrated less frequently, only survived as long in the
dung as the previous species, and vere also recovered from
grass for the same maximum period as li,_placel.

Othervise their survival rate vas lover,

(9) Hﬁlnllilnl;lhllhninlnﬂ larvas did not migrate on to grass
but only to soil underneath or right next to the dung pad.
Their survival rate vas extremely short by comzparison with
the other species.

(10) Horizontal migration was more msrked within 15 cm, of the
dung pad, Vertical migration was more noticeable within
5=10 em, of the soil surface on grass,

(11) Dung beetles decreased the larval recoveries from dung
pads by increasing aeration and evaporation csusing death
by dessication of preinfective larvas. At the zame time
they assisted migration by their mechanicsl movement
of the dung to socil, in which some larvae cculd reach
the infective stage,

RR/BC/24/6/1958,
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ADDENDU K,

INSECT ACTIVITISS UNDER NATURAL CONDITIONS.

IRTRODUCTIOTN.

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 infestgtion in the field,
this addendum has been drawn up. Attention is drawn to
experimental observations and their significance is discussed.

EXPERIMENTAL OBSERVATIONS.

A. Hatching of egge and development of larvae to the
infective stage.

These results have been summarised in Table No.I in
the appendix and the experinental numbers referred to will be
found in this table.

Dung beetles and other insects attacked dung pads
during November 1956 and again from January to April 1957.
Although afforded no protection against &ung beetles, dung
pads placed in the field from August to October, in December
1956 in liay 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. 1Two 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 30 increase insect
activity; egg counts were 120 and 20 e;;gs per gram
respectively indicating more rapid hatching of eggs in the
latter. Only 25 first stage and 12 second stage larvae were
recovered in the former while 256 first stage larvae and no
second stage larvae were recovered in the latter arfter
extraction with the Bierman Apparatus. However after a
further 8 day incubation in the laboratory the specimens
yielded 10,000 and 3,500 larvae respectively. More than
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twice the number of infective larvae were recovered from
the former, when compared with the latter although the
weight of the dung in the latter at collection was two
thirds of the former.

Another dung pad, 7(d), was examined on the third day;
the dung only weighed 67 gm. and both egg counts and larval
exanination after extraction with the Blierman Apparatus were
negative. After a further 8 day inocubation in the
laboratory only 550 infective larvae were recovered. This
dung pad had been extensively hollowed ocut by insecots and
although it was 67% of the weight of 7(c) when collected in
the field, the number of larwvae collected from this specimen
was only 15.7% of the number collected the previous day in
7(c). The activities of dung beetles as well as the longer
exposure to field conditions were responsible for the marked
drop in larwval recoveries.

The remaining dung pads 7(e) and 7(f) exposed to
field conditions for 30 and 64 days respectively, were also
extensively damaged by dung beetles and yielded few larvae on
examination.

In experiment Mo.9 six dung pads were placed in the
field on 11/1/57. Three days later 9(a) was collected and
examined. It was extensively hollowed out by beetles, and
weighed 113 gm.: egg counts werse negative; two first stage
larvae were recovered with the Plierman Apparatus and 825
infective larvae after 8 days incudation.

The other five dung pads in this experiment were
almost completely distroyed. Small heaps of loossned s0il
covered with one or two pieces of dung, the largest of which
was 2 cm. in diameter indicated where the dung pad had been.
On examination of these heaps minute pieces of manure were
found to be inextricably mixed with the soil.

A large mass of dung 3 1b. in weight was also placed
in the field on 11/1/57. Thias experiment, No.1l0, suffered
the same fate as the five dung pads in No.9. In experiment
No.1ll, four dung pads were placed in the field on 17/1/57.
Within 48 hours only four small heaps of loosened soil
indicated the site of these dung pads.

It was important to know whether infective larvae
could develop in the small pieces of dung removed to the
8011l by these insects and be recovered from the soil. This
was included in the s#udy of infective larvae in the previous
year and is reported hereunder.
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B. The activity and survival of infective larvae under
[<]°)

Theae results have been summarised in Table No.II in
the appendix and the experimental numbers referred to will ble
found in this Table.

In sixteen experiments (Mo's. 7,10,11,13,18,20,24,25,
26,27,28,30,31,32,33, and 35) dung beetles had been active
to a marked degree. In the remnants of the dung pads
infective larvae were recovered in large numbers in only one
experiment (No.l8)3; in ten experiments (No's. 11,13,20,26,27,
28,30,32, 33 and 35) from 1 to 388 larvne were recovered,
while no larvae were present in five experiments (No's. 7,

10, 24, 25, and 31).

Dung beetles removed manure to the soill underlying and
adjacent to the dung pads. It was impossible to separate
these small pieces of dung from the s0il and they had to be
exanined together.

It was interesting to compare the number of infective
larvae recovered from the soil beneath the dung pad with those
in the dung pad itself. More larvae were recovered in the
80il beneath the dung pad in five experiments (No's. 20,28,30,
33, and 35) and less in four experiments (No's. 13,18,27, and
32). In two experiments (NoVs. 24 a&d 31) a few larvue were
recovered in the soil, while none were present in the dung pad.
In two experiments (No's. 13 and 18) rainfall was inadequate
to cause any migration j; in a further three experiments
(No’s. 20, 27, and 28) the amount of rainfall only partly
assisted downward migration from the dung to account for some
of the infective larwvae found there. ¥here rainfalls had besn
adequate, it was impossible to asseass whether the presence of
larvae in the soil was due to migration from the remna. ts of
the dung pad, or whether they had developed in the small
‘pieces of dung removed to the soil by dung beetles (No's. 30,
31, 32, 33 and 35). .

Larvae were recovered in nine experiments (No's. 18,
20, 27, 238, 30, 31, 32, 33 and 35), fram the soil adjacent
to the dung pad. In one experiment (No.1l8) rainfall was
inadequate to have caused this migration from the dung pad.

In the other eight experiments the seme remarks apply as
mentioned in the previous paragraph, to account for the
presence of larvae in the soil, in relation to rainfall and
beetle activity.
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On the grass next to the dung pad larvae were
recovered in ten experiments (NRo's. 10, 11, 18, 27, 28, 30,
31, 32, 33 a&d 35)s The most interesting observations were
made in three of these experiments (No's. 10,11, and 18).

The rainfall recorded during all these experiments was less
than 0.5 mm. for the periods of exposure to field conditions.
Experiments described elsewhere showed that this amount of
rain was inadequate for larval migration, from the dung pad
itself. Dung beetles had removed small pieces of the dung
to the soil at the base of the grass. It is more than
likely that even very little rain was sufficient to cause
migration, on to the grass, of infective larvae from these
small particles.

In only four experiments (No's. 28,30,33 and 35) were
larvae recovered from grass roots adjacent to the dung pad.
They were usually present in smaller numbers than those
fecovered from other sources.

On examination of the results of twelve experiments
which ran over short period of seven to nineteen days, it was
interesting to note that in only two experiments (No's. 18
and 20), were large numbers of larvae recovered. In similer
experiments (FKo's. 15, 17, 23 and 29), conducted at the same
period, when dung beetles had not been active, considerably
larger numbers of larvae had been recovered. These parallel
experinents carried out under the same climatic conditions,
afforded evidence that the end result of dung beetle activity,
was a marked reduction in the number of infective larvae.

C. The effect of low level phenothiasine dosing on dung
beetle activity.

Introdugtion.

The observations reported previously showed that dung
beetles were important in reducing the number of available
infective larvae. TFhenothiazine when dosed to stoock in small
quantities is excreted with the fasces and has been extensively
used to control the pasture stages of the life cycle of round
WOIms. It was important to know whether this drug when
exoreted in faesces during low level phenothiaszine dosing had
any deleterisus effect on dung beetles. If this were the
case low level phenothiaxine dosing would counteract the
insect activities in dung and could not be recommended. For
this reason low level dosing of phenothiazine was carried out
on two animals from which fasces were collected, and dung
beetle activities in these fasces compared with their activities
in faeces derived from an undosed control animal.
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Materjigls and Methods.

Two cows were dosed daily with two and five grams of
phenothiazine respectively. Three days after commencement
of dosing faeces were collected from these two animals as well
as from an undosed control cow. From each of these animals
dung weighing 1 Kg. was placed in the field. These dung pads
were collected after exposure to field conditions for periods
of three to six days. In the laboratory they were weighed
and the number of dung beetlies in each spscimen counted.

In addition each dung pmd was examined to see how extensively
they had been hollowed out by insects. The insects
collected were placed in bottles to see how long they would
survive after removal from the dung. Dosing continued and
specimens were collected over a period of two weeks.

@ vb Onle

TABLE: A comparison between the activity and the number
of dung beetles recovered from 1 Kg. samples of
dung exposed to field conditions.

“Fo. 3Ro of insects re—

of 13covered from dung of
dayssix (a)x(b) 3x(c):

in 3 Cows Cow ¢t Cow:

field:No.l: _!0;2’!0.33 Bemarks.

3 3 : 3

3 t172 1 134 t 13 : Dung in specimen (c) was more hollowed
3 : : t out by beetles than either (a) or (b)
: $ t 1

3 32603 70 s 174: Idttle dsmage was done to any of the
H : 3 ¢ dung pads by beetles.
3 3 s s

3 1174 1 48 : 123:: More evidence of dung beetle activity
3 3 : $ in (b) and (o) than in (a). .
s 3 : s

4 1743 55 : 8 1 Dung in (o) more extenaively hollowed
s s 3 t out than either (a) or (b).
: ] 3 3

5 31183 32:t 5 of (a) and éhg more hollowed out
t 3 g : by bsetles than (c).
: 3 : :

6 135 : 18 3+ 3 t All mpecimens extenaively hollowed out
H ] 3 t by dung beetles.

% (a) Cow. No.l. dosed daily with 2 gram of phenothiaszine.
x éb Cow No.2. dosed daily with 5. grams of phenothiazine.
X (¢) Cow No.3. undosed control.

6/....0.--..

© Uni\'/ergity of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



RIA

In the accompaning table the number of insects
recoversd from the various specimens showed no correlation
whatever. Dung pads were frequently extensively hollowed
out but very few insects were recovered in such specimens.

In most cases more dung beetles were recovered from the

dung pads derived from cows receiving low level phenothiazine
dosing than from the dung of the control cow. The evidence
that insects had been active varied to such an extent between
the specimens, that although they were not necessarily atill
present when searched for in the dung in the laboratory, their
absence did not indicate that other dung beetles had not been
active prior to collection andhad subsequently left the dung
pad. There was no evidence that insect activity was more
marked in dung from the undosed control than either of the
dung pads from the two cowa receiving daily doses of
phenothiazine.

The insects that were recovered from these dung pads
were placed in bottles in the laboratory. Ihgjlivod for
two to three days before thay started dying regardless of
whethexr they were derived from dung from the dosed cattle or
she undosed control. They lived as long as six days before
dying when if dung was placed in the bottles, regardless
of the ;resence or absence of phenothiazine in the dung
which was addsd to the bdottles.

Irom these observations it is clear that low level
phenothiaszine dosing of cattle had no apparent affect on the
activity of insects that attacked their dung, nor did it
cause death of any dung beetles. Since it had no
deleterious effects ch dung deetle aétivity. this drug can
safely be used in the control of verminosis in stock, as
is at present advocated in many parts of the world.

7/.'0."
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The observations on the hatching of eggs and
development of larvae to the infective stage in dung pads
in the field, indicated that dung beetlea caused increased
aeration of dung pads, which speeded up the tempo of egg
hatching. This contirms Mbnnig's (1931) observation.

In spite of the more rapid hatching of eggs, the recovery

of larvue from such dung pads after incubation in the
laboratory, was considerably less than from those dung pads in
which the insects although present had not hollowed out the
dung pad to the same extent. The death of the larvae was
probably due to increased aeration, giving rise to umore

rapid dessication and death of the preinfective iarval stages.

During January 1957 eleven dung pads were placed in the
field. Ten of these dung pads were completely destroyed
within 48 to 72 hours leaving cnly small heaps of soil
covered with a few small pieces of dung. The one dung pad
left was extensively hollowed out and was examined as
previously reported.

Throughout the rest of the summer and autumn of that
year, repeatad attenpts to study the preinfective stages of
the life-cycle, under completsly natural conditions wmet with
a similar fate. Once the dung beetles hud destroyed the
dung pads egg counits and the recovery of the vuricus
developing larval atages was ixpossible. Since the author
was also studying the effeots of other evironmental factors
on these stages of the life-oydle at the same time, he was
compelled, albeit reluctantly, to protect the dung pads with
wire gause. Fortunately dung beetles activity ceased at
the end of April, so that i1t was uanecessarry to protect the
dung pads in the winter and they could be atudied under
complately natural conditionse.

In the previous year dung beeties had also been active,
but not nearly to the same extent as in the autumn of 1957.
The poor recoveries of larvae as a result of dung beetle
activity reaching a peak in the autumn, offset to a m:rrked
degree the beneficial affects of increased rainfall on the

development of infective larvas.,
The poor recoveries of infective larwae, in fourteen

of the sixteen experiments on infective larvae substantiated
the statement made above, that insect activity facilitated
the death of the preinfective larval stages. Dung beetles,

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to info%t'mn,dniwawib/of Pretoria, 2017



RIA

are attracted to fresh manure only, while it is still soft

and very moist, i.e. in the first four days it is in the field.
They burrow into the dung pads and remove manure to the soil
particularly beneath but also next to the dung pad. These
small pieces of manure were seen in the socil. The recovery
of fairly large numbers of larwvae in the soil mixed with
manure granules below the remnants of the dung pad, under
conditions where rainfall was inadequate for larval migration
from the dung pad, must have been due to the presence of
larvae in these small pieces of manure. Since they had been
removed within the first few days the dung was in the field,

it ia only reasonable to assume that they must have developed
to the infective stage after being removed by dung beetles

to the goil. The movement of dung beetles in the soil
loosens the soil, thereby introducing air and probably also
increasing the rate of evaporation. This although stimulating
egg hatchiﬁg, would also increase the death rate by deasication
of the larvae. This possibly accounts for the poor larval
recoveries from ascil samples in most of the experiments whers
dung beetles had been active.

During the two year period of these investigations
from July 1955 to June 1957, it was noted that dung beetles
were most active Lrom January to April in both seasons.

Rainfall data at Armoedsviakte over a period of more
than 3 O years indicated that the rainy season was from
December to April, the best month being liarch. Experinents
described elsehwere showed that these months were the most
optimal for the free living stages of the nemtode parasites,
Further-more experiments on the transmission of verminosis
proved that atock oniy became infested during this period.

It was very signifiocant that duding tnis same period
dung beetles were most active. While other environmental
faoctors facilitated the propagation of infestation in the
late summer and autumn, the burrowing habits of insects in
the dung had the opposite arffect. #ithin tvo or three days
of being in the field dung pads were frequently destroyed.
Only the preaence of rainfall would save any remaining larvae
from dessication and death.

The presence of frequent rains and nocturnal dews
would be necessary to prevent the death of the preinfective
stages. Although dew was a nightly occurence it would only
moisten the surfance of the g0il and any remnants of duhg pads
above the »0il. Below the surface of the soil rain would be
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requimgd to supply sufficient moisture for larval survival.
In this respect the erratic distribution of the rain meant that
few larvae had this benefit and therefore died in the
frequant relatively dry periods between rainfalls. OUnly at
" those periods when rainfalls were regular would more larvae
reach the infective mtuge. Thus insect activity would be
balenced out to a certain extent by the moisture supplied

by rain. Th¢ interim periods between days on which rain
fell would allow the full effects of dung beetle activity to
be felt. Since these periods were nore fregquent than the
days on which rain fell, few larvae would reach the infectiye
atage during this pericd. In other words it was only during
rainfall periods that the larvae really had a chance to
survive and develop to the infective stage.

Dung bestle activity can safely be statea tc bs an

important method of bilogical control of worm infestation

in the field and an important ally of the farmer in worm
control.

SUl XARZX.

l. Four experiments were éescribed on the hatching of
vgyes and development of larvae under field conditiona where
insecte ettasked dung peds.

2. In Kovembsr 1556 five dung pads in one experiment
were attacked by dung beetles. ‘hese insects caused
inoreased nerantion, stimulating egg hatohing, but larval
recoveries after incubation in the laboratory, were
oonsideradly less in dung pads where insect aotivity was
most marked, indicuting iuncreased larval mortality. -

3. In three experizents in January 1957, eleven dung
pads were placed in the field; of these only one was suitable

for examination after three days. The other ten dung pads
were completely destroyed, within 48 to 72 hours, leaving
small heaps of sand containing & few small piecee of manure
inextricably mixed with the soil. Ko gembinnce of dung peds
were left 0 examine for egg hatching or the recovery of
larvae.

4. The effects of dung beetles were observed in sixteen
experiments in which the activity and survival of infective
larvae were being studied. In two experiments larvae were
reccvered in fairly large numbers. In fourteen experiments,
larvae were either absent, or present in small or very
moderate numbers.
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5. The presence of infective larvae in s il underlying
and next to dung pads, was concluded to be partly due to their
development in the small pieces of manure mixed with the soil.
fhese pieces of dung had been removed from the dung pad by
insects in the first few days it had been in the field, and
before infedtive larvue were present in the dung pads.

n 6. 7here rainfall wes inadequate o cause larval
pipgration, the praesence of larvae in the s0il was proably due
to the mechanical removal of dung by beetles.

7. Low level phenothiaszine dosing has no deleterious
effacta on the activities of dung beeties.

C v . S LW ETI NS,
R —

Dungz beotles hollow out dung pads which gives rise
to increased rates of evaporation. This leads to death of
the preinfeciive larvse. In the late summer and autumn,
when climatic factors are optiwal for larval development,
these insects are most active and frequantly destiroy dung
pads. Their activities are therefore an important method
of biological control of infestation in the field. The
administration of amall doses of phenotiiazine to cattle does
not effect the subsequent activities of bestles in dung.
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INTRODUCTION.

Based on field observatioas rejyorted elsewhere

(vide supra), four experiments were oarried out oam the

transmission of verminosis to susceptable calves, reared

by the various methods of animal husdandry practiced in
the distrioct.
The experiments wers as followsi~

A. Cass report on calf No. T180,

B. Pour groups of oalves reered by different methods of
of animal husbdandry from midsuzser to winter.

C. Five groups of calves reared by differeant methods
of animal hmsbandry from sutusn o midsuamer.

D. Seven groups of oalves reared by different methods
of animal husbandry from summer %0 early winter.
Kote: In experiments (0 and D the work done in
sxperiments A and 3 was repeated with the addition

of extra groups.

A £ _REi . .

l. Two oxen suffering from a massive mixed
infestation of Cooperis spp., B, piacei, O, radistum and
B. jihlsbotomun were introduced intc a small oamp, 5.4
morgen (abeut 11§ acres) in extent in May, 1953, followed
by three arsificially infested oalvss ia October.

:. A krasl, with a surface area of approximately
1,500 sq. ft. was oonstructed and the infested stook herded
inte this kraal from 7 a.m. t0 2 p.m. every day.

& A krasl is a cow yard or cattle pen.
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The grass g:owin; in the kraal and in a ) ft. strip around
the kraal was rinovod with & hoe. The kraal oontained =
raised water trough froam which no leakage was allowed.

3. Calf Fo. 7180 was berm oa 15.11.55 and gomfined

$0_the krgal from 19.11.35 until it was slgghtered om
2.8.56. 1ts dam grased eslsewhere but was gllowed into
by O spel, o ow_%he 4

suckle. This was the calfs only food supply until
February, when it was allowed access 10 an adjacent calf
yon 30 fead on chaffed lucerns in a special stamehion
conssructed %0 prevent spillage on the groumd. This oalf
pen will be described in experiment 3.

4. Twice weekly initially but thereafter oncca week
faeces were collected from the oalf per restum and examined
for worm eggs. At first a centrifugal flotatioa technique

© using 2n304. 8.G. 1.4 was esmployed, Wt as soon ss the
fasces were positive, egg dounts, using the techunique of
Roberts & O0'Sullivan (1950), were ocarried ous. Fositive
fasoes were mixed with sterile ocastle dumg, incubated for
8 days at 26°C and larvae collected, heat killed and
identified on a percentage basis.

5. danure was collected in the kraal at regular
intervels in the following fashion. An area 10 eq. om.
was marked out on she surface, and manure removed to a
dejth of 2 o ., and placed in a contaimer. A further
specinen immediately below this specimen to a further
depth of 2 om .. was removed and placed in s ssparate ocontainer.
Specinens were taken to the laboratory, weighed and placed in
Baeramann funnels for 24 heurs, larvas ocollected and exanined as
desoridbed im previous experimenss (vide supra).

6. Prevalling climatic conditions were recorded
daily.

T. A% the cgonoclusion of the experimemt in August 1956
the calf was slaughtered, worms identified and counted.
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X P s 03 .

This experiment is called a case report since only
one calf was involved. The exyerimsntal period was from
the 19th November 1955, t0 ths 2nd of August 1956, whan the
galf was -1an¢ht¢rod. e t0 ciroumstances beyond the
suShors consrol the post mortem was carried out 4 weeks after

the fasces examination was concluded.

(a)

(Results see Pig. ¥o. 3).

Six weeks after the calf had been placed in the
kraal faegses examinations were negative but the following
weesk a sudden rise %o 1,460 o.p.g.‘ was observed on 7.1.56.
The egg counts resched their peak on 6.3.56 when 6,810 9.p.g.
were noted and thereafter fell, amnd at the end of the
experiment in July 240 e.p.g. were recorded.

L.rvui-eulturcl unfortunately were unsuccessful uatil
17.1.56 when Cooperia sop. N. placel and Irigho-strengylus spp.
wore diagnosed followed 5 weeks later by O, radigtunm and
B, phiebotoxun. As the experiment progressed
Irighestrongylus spp. larves disappearsd, Cooperis Spp.
and H, pisoei deoreased, Q. radistup inoreased slightly
and B, phisbotomym beeame the predominant species of larvae
until the faeces examination was coneluded in July.

{v) P03 ULZS. |
At the pest mortem of this oalf om 2.8.%6 five

8 0.p:.8. eggs par gram,
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TABLE NO, 1ll. MNumber of worms recovered at Post dortem

of calf bos 71800
3 ,""w' T — '7"'};'"“"?"""'."'7
’ 3 (] s s . s ] s
s ! ! aa ' «e s 1 s s B3
I - - R + 1 I I 51 3 g; 3 o« s 88|
] e ! ol 3 e 1 g e 3 oo 3
P we 8 Q3 olg ' - s 8% p 98 s
] a3 s 38 * 8a s i $ Olk 3 g ’
] B [ H ] w : o t  mlal s
s 1 s y = s © ' '
M
: 3 s ' s 3 ’
' ’ s ' ' s s
s 2.3.5‘. 3 50‘ ' ‘ s 035 3 ‘2‘ s 1‘0
s ' ] ’ ] 3 3

There were only a few Qa%%ﬂﬁ&!&l worms present at post
mortem and the total number of WOI'SS pro-
sent at post mortem are included under C,.pectinatsa,
¢ 1Inecluding 5 Immsture j.placel.
x Including 12 lImmature Q.radistve,
species of worms were recovered, The species and their
nuaber are recorded in Table Ho, ll. Although larval cul-
ture results had revealed the presence of Irichostrongylus spp,.,
until a few months bafore the post mortem, they were not re-
covered at post mortem,
(¢) EAAMINAZIQN Oi KBAAL MANURL =

The resultis are summarised in Table ko. III in the
appendix, along with results pertaining to subsequent cxpori-—
ments. It will be noted that infective larvae of all four
gelora were recovered and were more frequent in idarch. During
this month rainfalls were heavy.
(a) REEVALLING CLIMATIC CGERIIIONS =

Daily'variations in the climatic conditions are shown
in Pigure ko, l. ionthly rainfalls for the period are included
in Table No. 10.

Proa Figure ko, 1 and Table Lo, 10, it will be noted
that heavy rainfalls were recorded in December, February and
March, During or jJust after these rains larvae were
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recovered from krasl sanure. 7The rcle the dams teats and hair
at the base of the seats play: im the transmiesion of verminosis
t0 calves will be Wrought out im the discussion at the end

of these experiments.

EOUB GR?UPS oF OtuVES REARED BY DIF?IREI’ IIQEOD'

1. The same camp and kraal as desoribed in the
previous experiment were used in shis experimens. However,
next to she kraal in the paddook thres cslf pems viro built
as follows:

8. A small ealf yen (10 f%. x 1% £4.) was duilt next to the
kraal. It had a ground flour and a gate leading imnto
she kraal. In the calf pen im Pebruary, 19%6, a special
stanchion and trough was built., Once the calves heads
were secured in the stanchion wetted ohaffed lucerne was
Placed in the truugh and shere was 2o posaibility of
spillage on to the ground floor.

b. sad o, Next to the calf pen "a" two additiomal ocalf pems
were built, with concrete floors. The former (b) was
15 2 20 £4. while the latter (e¢) was 10 x 15 f%.
in size. Both had gates ocommunicating with the
paddock and lucerne and water Sroughs were provided.

2. Introduction of susceptidle stook was unfortunately
delayed awaiting the construetion eof the c¢aif pens. Ten
oalves borm between 8.11.55 and 22.12.55 were placed on
ooncretse floors as the ladboratory on 22.12.55.

Unforsunately seven of thess calves had already beoome mildly
infested and were treated with phenothiasine om 10.1.56 a$
the rate of 10 Urams/100 1lbs. live weight with subseguent
negative fasces. Nefore the calf pen coastruction had deen
completed 3 more calves were bdora amd placed with the other
10 calves on concrete floors. The calf pem oconstructioa
having been completed on 3.1.56 the calves were placed in
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various groups. Calves born after the third of January
were introduoced into their groups at birth and Wy 3.2.%6,
ARineteen calves wers in the experiment. The calves were

divided into groups as follows.

Sroup 4.
Pive calves (vix. Nos. 7176, 7216, 7290, 7329
& 7379) were introduced into calf pen "a®. These calves

were gopfined to the cqlf ven from 7 a.m. until 2 p.n.}
from 2 p.m. until 7 a.n. the following morning they had

200ess %o the infested kras] by opening the cosmunicating
gate and mixed with calf No. 7180 in experiment A. Milk
vas fod %o the calves twice dally in buockets and in Pebruary
sdditional feed in the form of chaffed lucerne was fed in the
special stanshion mentioned sarlier.

Group B.

Pive oalves (vis. Hén. 777, TA78, 7188, T214 &
7331) were introduced imto ocalf pea "d".  ihess gslves

Ihe comorese fioor was w;ind and sorubbed daily with brooms
and water. The oanlves suckled their dams early in the
morning ia the oalf pen for about 15-20 minutes. Thersafter
the dams were herded imto the ianfested kraal from 7 a.m.
until 2 p.m. and returned t¢ the calf pens t0 allow the
calves %0 suokle for a further 15-20 ainutes, After the
oalves had suckled, the cows wers herded into a separate
oamp t0 graze overnight, returning to the calf pen Just
before 7 a.m. the follewing morning. The calves were also
fed chaffed lucerne in troughs.

Group C.

Pive calves (vis. Nos. 7193, 7227, 7292, 7234 & 74060)
were introduced into calf pem "e", This was the control

group. ALY ] he ¢ :
deft 1t. The comorete floor was sorubbed daily with
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milk.
brooms and water. Oalves were fed in dDuckets twioe

daily as well as ohaffed lucerne in troughs.

group D. |

Four ocalves (vis. Nos. 7207, 7262, 7353, & 7375)
were introduced into the infested paddock in which the
kraal and cilf peans were situated. They gramed with the in~
fested stock at night and suckled on their dams at 7 a.m.
and 2 p.m. for adout 15-20 minutes in each case. Ihis calyes
resajued in the infesteq paddook gopstantly, apart from a
short period of about 20 iinutes once a woof??g;y were
herdsd into the orush adjacent 36 the kraal for fasces
gollection per rectum. The dans grased elsewhere and
woere never allowed imto the krmal.

3. Pusces exanination of the calves amd kraal
Ranure examination was ideatical %0 the technique already
desarived in she previeus experimsnt.

4. Larveal infestaticn of herdage was investigated
from 29.2.%6 onwards at% regular intervals. Grass was
collected from 2 plots, one adjacent to the kraal the other
300 yards away. The plots were labelled 1 and 2 and grass
was colleeted amd examined acoording to Taylor's (1939)
feshnique except that in the laboratory Beaermamnn funnels
were used for larval cellection and only 30 Grams of grass
Placed in eash funnel. Larval scunts were carried out
using the technique already described in previous experiments.
The formula as desoribed by Taylor was used te estimate the
aunder of larvae per 1bh. of grass.

5. Irevailing olimatic conditions were reoorded
datly.

6. At the conclusion of the experimemt in July,
19%6, 10 calves were slaughtered for wora examination.

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



RIA

The experiments were conducted over the period
3.1.56 t0 2.7.56. Due %0 ciroumstances beycnd the
authors control poat mortems were delayed for three weeks
after the faeces examinations were eomncluded; however all
the calves used in post mortems were confined to their
groups until slaughtered.

a. DRVELO 9 10 |

Group A.- Hive hand reared oalves econfimed to

the infested krasl and adjacent calf pem.

(RBesulte ses Fig. Ro. 4).

Calves in this group developed infestation slowly
and only after 20 weeks in this experiment did the majorigy
of the group have egg counts exceeding 100 e.p.g. The
highest individual egg count was 690 e.p.g. observed in
ealf Ko. 7176 after 22 weeks exposure %o infestation.

Larval culture results revealed the presence of
Cooperis spp.» M. piscel, Q. rediatus and Irickpstrongylus
SPp. before the average egg counis exceeded 100 e.p.g. It
was significant that only when R, phiebotomun was well
estadblished did the egg counts rise $0 a level in excess of
100 ¢.p.g. for the majority of the group.

Sroup 3, - FMive suckling calves oonfined to a
oonorete floored pea; +the dame were kept in the
infested kraal from 7 a.m. t0 2 p.n.

(Resulss 3ee Fig. No. 4).

Infestation developed slowly dut a sudden rise
was noted 13 weeks after the experiment had commenced in
the e.p.g. oounts, amnd four weeks later all the oalves had
egg counts in excess of 100 e.p.g. One oalf had 1,960
8.D.g. at this stage (vis. No. 7214). A week after the
egg oounts had reached their peak, i.e. 18 weeks after the
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' experiments commenced, egg counts fell dramatiocally amd
remained at & low level, most of the calves having egg
counss between 50 and 100 e.p.g. until ths experiment was
ooncluded.

Larvgl culture results revealed a predominant
Sooperia SpR. and H, plagel infestation. Whem egg counts
were high more i, plggel larvas were recoversd from cultures
But the reverse was the cass when egg ocounts fell. Larval
cultures revealed very little 9, radigtus snd evea leas
3. _phlebotomun infestation.

Ggoun C. TFive hand reared calves in a oconerete

floored pem.

Only one calf in this group developed infestatioa
of any mote (oalf No. T193), reachimg a peak of 140 e.p.g.
in May and falling to 20 e.p.g. at the end of the experiaent,
Anotsher oalf developed a very mild tnfessation and feaces
examinations were negative for 5 weeks defore the oxparilnnti
ceased im July. The rest of the calves were negative
shroughout.

Larval culsures of Calf No. 719) revealed the
presence of §. Blacel, Cooperis ®pp. sad Q. radigjuas.

Ihe cultures in most oases were very poor imdeed and seldom
Jielded enocugh larvas $¢ differentiate the species on a
percentage bdasis.

The chaffed lucerns fed to these calves was found to
have become infested with the species foumd in Calf No.7193
and this was prodadly the source of infestation; chaffed
lucerne fed to other groups was not infested.

Group D. Pour suekling calves confined $o the
infested paddook.
(Results see Fig. ¥Wo. 4).

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



Eleven weeks after the oxperiment commensed all the
calves in this group had egg counts exsesding 100 €.p.8sy
which rose to a mesn of 650 o.P.Ze Six woeks later and re~
mained at ¢ high level only falling to 255 e.p.3« at the
end of the experiment.

Coaparia ADps larvae were dominant in cultures ale
though the other srccies were also recovered,

Da. DO MOEZEM RESULIS,

The results of post mortems are summarised in Fadle
No, 12, and econfirmed the findings and observations of faesal
exsxinations of the various groups.

TASLE RO, 12 « Number of worms recovered at post morten
of calves in Rxperiment S,

Gro
Calf Mo.
Date of
Post ior tem,
Cooperia
ectinata,
radiatun,

up

phlebotosum.

Bunos toaum

lobulosa,

P

L 3 I B N B N W I J
vesophagostonuin

N N ' 3 : ] s
s : 7216 o 24.7.56: 5 1 « 3 4 3 2 2
s s ' s : 1
s Ae. l 7290 s 26.7. 56: - s 6 s - 3 22 3 2 1
' s ) 3 ' '
s l 7329 s 26.?.560 - § « § = 3 98 3 - 3
: s s s ] N t 3 :
] s 7177 c 31.7.563 29 ¢ 1 3 -« s 1 - 8
3 3 ' ' s s s
s B, s 717¢ : 31.7. 56: 9 8 10 8 e« 3 -« 3 - 3
s s s s s s
' i 71835 t 31.7. SGl 3 8§ 9 31 e« 8§ = 8 -
] s 3 3 ) $ 3 ’ N
8 C. 87193 8 B8.,8,5s 30 1 5 2 5 s - 3 - 8
Ak M. i i P | A 't
N ] s s s t s t t
] $ 7262 3 3.8.563 742 3 - s 5 s 25 - 8
) ] s ] ] 3 s s 3
| D. 3 7353 3 708. 563 900 1 s 10 1 19 ] - ]
(] '] 3 s 3 ] 3 ) ]
: 8 7375 s B8.,8,56: 425 3 - 3 5 s 58 1 - 3
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. B oF .

The results of thess examinations are suamarised
in Table No. IIX in She aypendix; larvae of all four genera
were recovered particularly in March.

i YOUND O .5 BAGE .
These results are summarised in Table No. 1V in the

nppandix.‘ It will be noticed that larvae were rescovered
in large numbers in February, March aad up to the 24th of
April, particularly in Plot 1 mext to the kraal. Larval

recoveries in the winter moaths were very sporadie.

e. PREVAILING CLIMATIC CONDITIONS.

These are showm in Pig. No. 1 and Table No. 10
Heavy rainfalls were recorded in February and March less
ruin in January and little or no rain from April to iay.
Kraal manure and grass were more heavily infested with
larvae in the months when rainfalls were good and calves
showsd evidence of increased egg counts in faeces examination
s wonth or 80 after rains had started at the ead of Pedbruary.

C. FIVE GLOUPS OF CALVES HEARED BY DIPPERKNT METHODS
OF ANIMAL HUJHAN DX BUR AUT U S LI

- e

¥

MAZERIALS AND METHODS.
1. The same paddock, kraal and calf pens were used as

in the previous exjperiment sméd calf faeces, kraal manure and
grass examination was carried out as mentioned previously.
Climatic data .¢re also recorded.

2. Introduction of oalves into the groups in this
experiment was carried out in a different fashion thaa in
sxyeriment B. Calves were not available from the large
breeding herd on the station in the autumn because the
bresding polioy at Armoedsvliakte only made provision for

- summer calvimg. The suthor, however, had bdean given 50 cows
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for another experimeas in April Qt the previous year.

Two bulls were allowed %o run alternately with the cows,
each Bull deing with the herd for one month and resting for
the following month until Jamuary, 1956. This led to
irregular ealving of the cows over a period of nearly seven
nonths (i.e. February-September, 19%56). At dirth the calves
were introdueed into the various groups and rem with the
ocalves in the previous experisents and by the time the
previous experiments (A & B) were Wrought %0 a ocomelusion
7%% of the oalves used in this sxperiment were already bomm
-and placed in their res;ective groups.

3. Twenty-six calves were used in Shis experiment,
divided inso five groups; there were five galves in each
group, apart from group 3 in whioh there wers six calves.

The division into groups 1 t0o 4 and treatments were the same
as im previous experiments. Groups 1, 2 and 3 were the
sans as groupd A, 3 and D in experiment B, while group 4 was s
duplication of experiment A. |

' Group 5 was a new group. Five oalves were gopfined

3o the infested kregl aleng with ealves in group 4 from

. ) an . }Q I Q, L8 O . +1 -
wwwww
calves in group 3 jig the infested paddook. Their dams

grazed slaewhere. The full details of the divisioa imto
groups is shomn in Table No. V. in the appemdix.

ROXE: Due to the shortage of calves, the a jprosch
of winter ocomditioms and the faet that only wo calves became
mildly infested in experiment B3 in ths consrol group
(Group C) 1% was felt that no useful object would be served
in oontinuing with a similar group in this experiment.

4. Pour calves (No's. T176, 7207, T214 amd T379)
that became infested in experiment B were not slaughtered for
post mortea in July when the other calves imn that
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experiment were autoysied. They were kept to act as

infested stoek along with the other infested stoek mentioned

in experiment A under materials and methods (1 and 2J.

They ran with she older infested stock in She paddock and

kraal and remained there un¥il Nay of the following year (1957).
EXPERIMENT AL QBSERVATIONS.

The exysrimental period was from Pedruary, 1956,
to Jenuary, 1957. 7The first calf (vis., No. 8227) was
born on 29.2.56 and the last ;os3 mortem carried out on
30.1.57. FNegative calves were, however, discharged on
15.1.57. In additiin post mortems were also carried out
in Octoder and Novembder.

(s) DEVELOPMENY OF INFESTAZION.

Group l, -~ Five handroarod oalves eonfined %o the

" infested kraal and adjseent calf pen.

(Results see Pig. No. 5)

Of the five cal ves in shis group one (No.8237) borm
in March became positive on faeces examinstion in the winter,
ogg oounts reaching a peak ia Octsober and Novemder. Zhis
ocalf was slavghtered in Koveamber for post mortem. The
balance of the group wers born from July $0 September and
only three of the calves womme mildly infested in the summer
the maxisum egg oounts for amy oalf being 22 e.p.g. in
Calf No.8246. Ome calf was negative throughout (Ro.3244).

Larval cultures of the oalf showing infestation in
winter were predominantly 3. phlebotomum, while Q. radjatum
was the most eommon larval species recovered froa ocultures
of calves that become infested in summer.

Greup 2. - Five suckling calves confined to a
concrete floored pen; the dams were kept in the
infested kraasl from 7 a.m. t0 2 p.m.

(Results see Frig. Ne. 5).
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Only two calves doxm in March in this group bdecame
infested the other three being negative shroughout i.e.
calves bora from May until Beptember. The two infested
calves had very low egg counts reaching their peak in
October when one calf became negative the other maintaining
1ite infestation until slaughtered im Noveabder.

_ Larval oultures showed a predominasat 3. phledotepyy

infestation.

Group 3. - 3ix suckling ealves oonfined $o she

infested paddook.

(Results see Fig. No. 6).

Two of the six calves in this group b»orm bdefore the
end of March became infested at 6-7 weeks of age, their
egg oounts rising uantil June and then falling to show
another rise in Oetober and November. These two oalves
were slaughtered at the peak of their egg production (vis.
Nos. 8227 & 8229). The octher two ealves born im Septembder
showed a very low sgg ocount im December and Jammary.

Larval cultures from the calves infested in sutumn
showed the presense of Cogperig spp. at firss, fol - wed Wy
H. plased. N August H. plgcel snd 3. phlebotomss were
predoninant. Q radistun was disgnosed in Septembder. Larval
oultures of the $wo calves that became infested in the summer

indicated the presencs of i. plagei amd Cooperis spp.

Sroup 4. - Five suckling ocalves eonfined to the

infested kraal and adjacent ealf peam.

(Resulss see Fig. ¥o. 6).

All five calves in this group were born in March
and all of them deecame infested, the egg counts showing a
sharp rise in July followed %y another peak in Octobder.

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



(0313

GROUP 3 GROUP 4
A CALF NO. 8227 INTRODUCED 20-2~55
B - - 82290 . 14~3~56 —%— E.P.G.OF CALF A
c - - 8245 . Q9756 —— =« <« » B o
p . - 8248 . 6~8~56 ——MEAN. .CALVESA &B| A CALF NO.B8230 INTRODUCED 21~3-38 NEAN E.P.G.OF GROUP .
6o E . . 8231 . 1§aB~56 —*— o« « w - E&F 8 . . 8231 . 29336 —— . . . CALVES BE&
’ F . . 8252 . 19~9~56 w0l € - - 8232 . 24-3-~56
180/ w . 8248 eum. 2549~56 P . . 8233 R 249~56
x . . 827 30~10-56 E . . 8234 . 26-3~56
1401 vy . . 8245 . 31~ 10~56 160/ X - . 8230 PN. {~i1-56
z . . 8229 . 14 ~ 1+~56 Y . . 8232 . 13~11~56
- -.F's
120" (40 z . . 8234 . 15~11-5
140 1201
2
[ 1004
& 100
~
L g0 80+
~3
g 3
80‘ 604 )
404 ' \ 4.0
20l
20+ .:\ B CD FE
B C D EFW y Z N
ok B E— Udeessdlidevie ™20 0 SO —
g o oA AL ] ]
7
E 801 ; L 801 [} B.PHLEBOTOMUM
< oy v B Z § O RADIATUM
604 ‘RL [ : 60{ [ W.PLACHI
§ 2 12 B 7 COOPERIA SPP.
YRt
8 40 24 99 Z ] Z 40
a9 a0 07 Z
qv vy % A 7
a0 bevnnanaanan 20
20 19 190 2120909471 Z
7 AANNA020007 212
% AN gtz 7 a/ j
0 Z daaaudddaagy _,_,——‘@ 0 —
S u‘A‘R. .'\Pn. MAY. JUN. JUL. AUG. SEPT. OCT. NOV, DEC. _ﬂgN. MAR, APR, NAY. JUN. JUL.  AUG. SEP, OCT. NoV. DEC
\Y. ,
MEAN LARVAL. SPECIES VARIATIONS OF CALVES A «B cm--do CALVESE «F LARVAL SPECIES »CALF D

FIG. NO.6 WEEKLY MEAN EGG PER GRAM COUNTS & LARVAL SPECIES VARIATIONS OF GROUPS 3& 4

iversity of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



RIA

7.

However, two of the caulves decame negative in Ootodber and

November (Nos. 8231 & 8233); im one oalf (No. 8231) this

was maintained until the experiment was concluded, while the

other calf (No. 8233) again beocame positive in December and

January although the egg counts remained at a low level.
Larval ocultures oconsisted almost en#irely of

B. phlebotoNyp in the winter but 9, radiptug and other species

of larvae were also recovered from faeces of No. 8233 in the

summer.

Group 5. - Five ocalves that suokleé?and were
confined to the infested kraal from 7 a.m. - 2 p.m.
and graszsed in the infested paddoock from 2 p.m. %0
T aem. The dams grazed slsewhers.

(iesulss see Pig. No. 7).

The calves in this group were born from 14/4/56 to
6/6/56. They were negative throughout she winter but all of
them become infested withim a short period of each other froa
the 18th of December omwards. igg counts showed a steady
rise until the experiments were coacluded in January.

Larval cultures revealed the yresence of Cooperig spp

initially which were soon followed by il. plggeis
Q. radigtug only sade its apjearance in January.

(b) POST MOsTEM RESULTS.
(cf Table No.l3).

From the results summariesed in Table Jo. 13 the most
siriking observations are those made on ocalves No's.8227 and
8229 (Group 3). Although all four species wers recovered
from these calves at post mortem, the presence of imaature
H., _plgcel worms was partioularly interesting. The finding
of thess immature worms led to slaughtering of calf No.B245
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which had been negative on faecal examination. This ocalf
in spyite of diligent search, including microscopical
examination of mucosal scrapings of the abomasua, was
negative for parasites (Tadle No. 13). Another ocalf
(No. 8248), in this group had died of torsio colom in
September and was similarly negative at post mortem.
Both these oalves were borm in July and August resjpectively
(Table No. ¥ in the appendix). The ocalves that showed both
aature and immature lac worms at post mortemn were born
in Pebruary snd Narch (Table No.V in the appendix). The
remaining two oslves (No's 8251 amnd 8252) in this group,
bora in September were negative for H, plsgei until the
3lat of December.,

3ince only the ocalves that were born before the end
of March showed immature worms at post mortea imn Octoder and
November, whersas the other calves under i-dentical conditions,
Bus born later showed no wora infestation either dy faeoal
exanination or at¥ post mortem, it would appear that the
immature worms had been acquired prior to winter and had
reaained immature until the poat mortems were carried ous.
Furthermore five calves in group 5 bern from April to June
were negative for Y, plggel until the end of December.
These ocalves graszed in the asame paddock as those in group 3.
Their fresdom from infestation substantiated, the supposition
that the paddock was free of infestation from April to

November.

(c) B ON_OF

These results are summarised in Teble III in the
appendix. Larvae were consistently recovered from kraal
manure in March and up to the 19th of April. Thereafter
results were inconsistent; from the end of Noveaber to

the early part of January, larvae wers recovered every week.
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These results oan be seen in Tabdle Ro. IV in the
appendix. The periods when infeoctive larvae were more
plentiful were similar to those mentioned under kraal
aanure 1nvout1¢at1ohs but the sumsser period was shorters
consistent resulss were only odbtained for three wesks after
the 20th of November, and. rarely thereafter until the end

of January.

(o) EHEVAILING OLIMATIC CONDITICHS.

The daily variations in the olimatic oconditions will
be noted in Pigs. No. 1 & 2 and the monthly rainfalls for the
period of this oiporilont are included in Table No. 10.

It will be noted that the only months the rainfall
exceeded 50 mam. in the experimeantal period were March,
December 19% and January 1957.

D. SEVEN GROJIS 0? CALVES huAnED BY DIF- --NT METHODS

AR X *é&:"ﬁao

MATE:; S S .

l. The same paddock, krasl and calf pens wers used
as in previous experiments; grass was similarly examined and
climatic data recorded daily.

2. Thirty five calves were used. Those bdorn from
31/10/56 to 13/11/56 were confined to concrese floored pens
at birth and placed in their various groups om 13/11/%6.
Calves borm after 13/11/56 were immediately placed in thetr
various groups. By 13/12/56 all the groups were complete
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Information of the date culves were born and placed in groups
ete., i» given in Teble No. VI in the apjpendix. Each group

contained five calves.

(a) Groups 1 %0 9 were the same as Groups 1 to 5
in experiment C. Calves of similar groups in
both sxperiments ran togsther until the end of
January when ex,eriment C was comcluded.

() Group 6 she control grou; was a duplicasion of
Group C in ex;sriment B.

(0) Group 71 The calves in this group were gonfined
3o s galf peg with g goporote floor near the
stables, away from the infested paddook. The

u we 4 the galves wer
wed su t e This was

regarded as an additional ocontrol group.

3. Faeces oollections were carried out as ,reviously
described, dut the ladoratory techniques were wmodified, in
$hat 40% sucirose solution was used for both centrifugation
and egg oounting instead of z:so‘ and NIl solutions.

Eggs were sasier to see mioroscopically amd higher egg counts
were obtained when suakrose solution was compared with the
NaCl solution on the same feaces. However more air bubbles
were trapped in the emulsion after shaking when nuchroun’wtl
used, but with the addition of a little amyl aloohol this

was overoome. Before counting it was essential that

slides he left for at leust three minutes to allow the eggs
t0 rise to the top. Larval examinations were carried out

as described yreviously.

4. The examination of kraal manure was carried out
as before until Pebruary. Thereafter the techaique was
nodified as follows.
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(a) Manure was collected as described previously -

(v) Brecimens were brought to the laboratory, hard
lumps broken into sasll pieces, and each specimen
thoroughly mixed; two samples weighing 50 grams
sach from each specimen were placed in separate
Basrman funnels.

(e) Twenty grams of the residue of each apecimen were
thoroughly mixed; 50 grams of this aixture were
well mixed wish 1,000 active infective larvae
and placed in a Basrasnn fuanel to act as a
contsrol.

{(d) The larvas were collected, and examined with the
mioroscopical technique describded in previous
sxperiments,

() The number of larvae per kg. of manure were
estimated using the same formula advocated hy
Taylor (1939) for the estimation of larvae per
1%. of herdage.

5. Larvae adhering to the teats of cows and hairs
at the base of teats were recovered in the follewing fashion:-

The teats and hair at the bdase of the teats of six
ooit in the infested Xraal were wiped off with a
sterile cloth int%o a resently boiled container.
Thereafter another sterile cloth was used to wash

the teats into ancther sterile contaimer. Both

dry material and teat washings were placed in separate
Baermann funnels, larvee collected and examined in

the manner descrided previously.

EXPERIMENTAL OBSERVATIONS.

The experimental periocd was from 13/11/56 to 20/%/57

(a) DEVELOPMENT OF INFESTATION.

Group 1. - Five hhnd-rcnrcd calves sonfined to the
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infested kraal and adjacent calf pen.

(iesults see Fig. No. 8).

Infestation Jdeveloped extremely slowly in this group
and only after 11 wesks in the experiment were all the ocalves
infested. One oalf died of hoven on 27/2/57 and only a single
hookworm was reocovered from it. Egg counts reached Sheir
peak in March and by the end of April two of the oalves were
negative,

Larvel cultures indicated the preseance of four
gorera’ 0f Nematodes,

Group 2. -~ Pive suckling calves confined %o a

concrete floored pen; She dams were kept in the

infested kraal from 7 a.n. - 2 p.n.

The ocalves in this group remained negative through-
out and were discharge in May.

Group 1. - Five suckling calves oconfined to the

infested paddook.

(esults see Pig. No. 8).

Worm eggs were noticed in the faeces of two calves
8ix weeks after the experiment commenced; four weeks later all
the calves wnrnfinfoatod; egg counts reached their peak at fouw
teen weeks, %0 /{all thersafter until the experiment was c¢onolu-
ded.

Gooperig 8ip. and H. piacel larvae were the first
species recovered from cultures and only towards the end of the
oxporin.ﬁtal period were larvae of Q. radiafys and
jh_gg;g!g;g!g;_rioovorcd.

grouyp 4. - Pive suckling calves confined to the

infested kraal.

(iesults see Pig. No.8).

Infestation developed very slowly in this group,
only wo ocalves deing infested after the first six weeks;
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nine weeks later all the oalves were infasted. Egg counts
never reached a high level although a slight rise was recorded
a fow weeks before the termimatiom of the experisent.

Larval cultures at first only contained Cooperia spp;
these were followed by H. plggei: o few weeks later by
3. ihledotomum and finally U. radiptul larvae were also

presentg. i
Group 5. - Five calven that -uokloJ?ind were
confined to the infested kraal from 7 a.m. - 2 p.m.,
and grazed in the infested paddock from 2 p.a. -
7 a.m. The dams grased elsewhers.

(kesults sese Pig. No. 9).

The infestation of calves in thias group were first
noted in two calves after five weeks; within another month
all the calves were infested. Rgg counts reached their peak
after fourteen we#ks and fell slowly until the experiments
were comcluded in May.

NB. The mean e.p.g. ocountss of this group wers more
than double those of any other infested group.

Cooperis $Rp. larvae were the first species reco-
vered in cultures made on 18/12/56 from $wo ocalves; oultures
made ten days later showed H. plgogi larvud. Q. redigtumsand
B. phlebotomum larvae were recovered from culturss ex 7/1/57
and 28/1/57 respectively.

Groups & apd 7. - There were 5 calves in each group

confined to eoncrete floors. Calves in the former

group  were hand reared; the latter suckled on

previously washed udders.

Calves in these groups were negative throughout
and were disohar::din day at the conclusion of the experiment.
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ERRATEM.

Page 87, Figure 9.

¥here the key reads:

D 0. RADIATUM
. H. PLACEI

It should read:

.o. RADIATOM

DH. PLACET
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(b) POST MONDEN iESULTS.

These results ars sumaarised in Table No. 14.

Apart from Calf No. 14 shat unfortunately died of
hoven in February, all the calves whose feaces were positive
at the end of the experiment were slaughtered. It is not
necessary %0 elaborate on these resuits, as the table clearly
indicates the severity of infestation in the various groups,
vis. Groups 5,3,4 and 1 respectively in order of severity.

(o) EXAMINATION OF EGAAL MANUKE,

The results of these investigatsion using the old
technique unsil the ¢nd of January are summarised in Tabdle
No. III in tshe appendix, Larvae were recovered regularly
every week from specimens coliecsted from the end of November
to the middle of Junuary.

From February the modified technique as described
sarlier was used and the resulsts are sunmarised in Table
No. IIla in the appendix. Veekly examinations were carried
ous in the period %/2/57 to 30/4/57; the mean numbder of
larvas per Kg of kraal maaure varied from 0 to 986.

() L

These results are summarised in Table No. IV
in the appendix.

Infective larvas were only recovered from herbage
irregularly in November and Ueaember, and from February
to April.

(e) HXBCOVERY OP INFECTIVE LARVAE PROM THB.
!g"rs Ql‘ YONE,
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TABLE NC, 15 « Infective larvae recovered from the teats
of cows that had been confined to the in-

ek 82500 KXa8L 20N 7 RaBe 50 2 Dalla.

1
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Some of the results of this examination are shown in
Table Mo, 15. Seven further exaninations at weekly intervals
after 12/12/56 were negative and are not shown, However all
< species of infective larvae were recovered from the tests as
shown in the Table. This point that larvae can adhere to teats,
being proved, it was not necessary o continue this exsmination.

(£)  PRRYAZLING CLIMATIC CONRITIONS.

Dally variations in climatic conditions are shown in
Figure Ko. 2 and monthly rainfalls are inecluded in Table Jo. 10.
The total rainfall from 30/10/56 to 20/5/57, the complete period
over which this experiment was conducted, was 290,2 mm, (11.43
inches),

(g) THE EFFECT OF RAINFALL On THE TRAWSMISSION OF
YERLEOS18 -

An excellent oprortunity existed, whea this
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sxperiment began to study the effects of rainfall on the
transaission of verminosis, for the following reasonsi-

(1) Prior t0 the commencement of this experiment
on 13/11/56, conditions were very dry and only 13.4 mm and
18.3 mm of rain had deen recorded for the months of
September and October resjyectively (Table No. 10).
| (2) The presence of oalves born in the winter and
early syring whioh were still worm free when this experimeat
commenced and remained wors free on fascal examination until
the 18%h of Decemder (Experimens C).

(3) The intreduction of 26 newly born: calves
vetween 13/11/56 and 21/11/36 in a dry period, befors the
summer rains began on the 22nd of FNoveamber.

(4) The faot shat some of the worm free oalves of
the Lrevious experiment (C) and a few newborn calves of this
experiment (D) beocome positive on fasoal examinastion, on
the same day, and with the same sucoession of species
thereafter.

The abovenentioned reasons showed that conditions
must have been favourable to set up infestation.

The ainimum period neocessary for infective larvas
of the different species %o reuch maturisy in the host, 1.e.
the prepatent pericd was imown (Tadle Ne. 16); comssquently the
provable date of infestation could be determined. The
rainfall recorded after the calfi birth aad before the day
the calf became infested would then giit the amount of rainfall
necessary, %o render infective larvae available to the host
in nuadbers large enough to cause infestation (Table No.l7).

SQUS .

(s) ANIMAL HUSBANDRY METHODS.

The transmission experiments were conduoted in e
manner as closely allied as possible to the methods of animal
husbandry practioed in the district. The various groups
were attenpisat seperating the various facets, thought to be
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possible sources of infestation to calvea. The experiments
showed that the sources of infestation were:

(1) Hervage.

(2) Krasl manure adhering to teats.

(3) Krsal manure by direct contacs.

(1) Herbage:
The paddock was the most constant source of

infestation bdoth during wet and oonpara.tinly 4dry years,
(" Group D' Expt. B, and OGroup 3} Expts. C and D). A% post

morsen G, pectingty and i, plgcel were the most ocommon
spscies recovered, and to a lesser extent 3. phlehotomum

and Q, rediatus.

TABLE NO. 16. The ainimum period for infeotive larvae to
regeh maSurity in oslves.

W

t No. of days that ]
1 infective larvae ]
! require to develope:
t to adults in calvess
Species t '= prepatent period Authority.
3
- . L
Qooperie punotate ' 1 ¢ Bailey (1949)
s 3
Soqperig peotinate s 16 /¥ Owa observa-
[} (] tions
s ()
Hgemonohus plgoei ' 19 t Roberts (1957)
s )
do. do. $ 26-28 (average) : Roberts (1957)
s 1
do. do. 1 14 $ Mayhew (1941)
: s
do. do. $ 23-26 (average) 1 Mayhew (1941)
t s
s s
% ' 35 ¢ Mayhew (1948)
: 3
Bunosjoman phlebotowym 52 t Mayhew (1948)
s :
do. do. 3 56 1 Sprent (1946 a

@ At post mortems of calves in experiments (C) and (D) no
C. punotaty worms were recovered.

/¥ Hinimunr period betwesn dosing pure cultures of Q.L-fﬂ.m
larvae to calves at Armoedesviakte and appearancs of worm g

of shis species in faeces. The oalves wers wors-free
¥rior to dosing and kept under worm-free conditions uatil
a8ces were positive., ‘
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TABLE NO. 17. 7The minimum rainfall necessary at Armoedsvliakte
for infective larvae :o be present, in nuabders
[3]5Y Q [ -

A mm— "-! Y Ea—— .' —
$ : s : |
s : : : s NI
: : ' s ey
o Kk : : 1 - iy
| Y H t s 3 .
B ] $ 1] lo
t ) : : I - EEY
s B : : od |
L [ K oy %
: . : 3 o IS
t 2 : $ o
I H ] ! f? 5
T & s ' s
3 § 4
R 1 83 : $
"Gy _peciinats 3 13?3 t ﬁ.ﬁ s 2/12/56 ¢+ 16 1 18/12/56
s 3 s 3 3
7 B. placet ¢+ 13.3 & 0.52 1 2/12/56 s+ 26 3 28/12/56
s 8 ' $ s
do. do. + 42.3 s 1.%9 1 9/12/56 ¢+ 19 s+ 28/12/%6
3 s t s 3
do. do. s T2 .3 1 2;87 H 1‘/12/56 s 14 28/12/ ’6
s s : s t
Q. radiagum : 13.3 : 0.52 1 3/12/56 s+ 35 s 1/1/57
o | 3 t s s
%3. phlebot 42.3 3 1.59 1 1/12/56 + 52 1 28/1/57
3

¢ Three alternatives given for Y. plggei, see discussion.
& Notet Sprent's (1946 a) observation shown im Table No. 16
not included in this table - see discussion.

(2) Xrasl manure adhering to toass.

Ceoperis spp.. H. plecei, Q. radistum and
3, hlebotomiy larves were recovered from both dry material

on and washings of, the teats of cows that had doen lying ia
the infested kraal (b Tad. ¥o. 15). Larvae adherimng to the
teats transferred infestation from the infested kraal %o
suockling calves in a nearly oconorets floored pem, during
& partiocularly wet autusm {Group B. Expt. B. Group 2 Expt ¢,
Bt not during a dry summer and autusa (Group 2 hpt. D).

5 Tabdb. is Table.

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



Although all species of larvae were recovered from cultures
(Pig 4) only 8. pectinata, H. placel and B, jhlebotopum were
recovered at post mortem (Group B. Tad. No. 12), and in a
later experiment (C) only B. phlebotomus (Group 2 Tad.No.l3).
(3) Kraal manure by direct contact.

Hand reared calves with acocess to the calf pen
and infested kraal were predominantly infested with
B. phlebotomum (Group A Tab. No. 12; Group 1 Tadb. No's 13 & 14
and only mildly infested with C. pectinatg, O. radiamtum and
id. placei (Group A. Tab. No. 12).

Suckling calves in the infested kraal not only
walked in infested manure all day, but were forced to suckle
on their dams teats after the cow had been lying in the infes-
ted kraal manure during the morning i.e. the combined effects
of (2) and (3) above. At post mortem they had heavier worm
burdens (Group 4 Tab. 13 nndll4) when compared with hand
reared calves in the infested calf pen and kraal (Group 1 Tab.
No. 13 and 14). Under the influence of ,articularly good
raine in sumsmer and autumn,one suckling calf (vis. No. 7180)
confined to the infested kraal, acquired a heavy mixed worm
burden (Expt. 4.*71g. No. 3} and Tad. . No. 11).

Roberts et al (1952) mentioned that infestation
could occur at a very early age through the contamination
of the teats of cows, or through the calves' habit of
sucking various odbjects, but that infestation in this manner
does not apiear to be of any significance. This view was
not confirmed, but 1t must bde mentioned that the average kraal
in the North vwestern Cape and the kraal created in these
experimeats had s layer of at least six inches of nanure as a
floor. In the rainy season particularly, wet and asemi dry
manure adhered very easily to the udder and the ventral

surfece of the abdonqn. In addition calves had the hadbit of

e 1 roarioint. *PMg. is Figure.
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iicking themssclves and esesh other, particularly about the navel,
These unhygieaic conditions probadbly did not apply to the faras
which Roberts snd his co-workers investigated and pessibly this
was not an important source of infestation there.

then all sources of infestation ware combined and
calves graged in the infested paddock and suckled in the infest-
od krasl, it was not surprising therefore that the experiment (D)
indieated nean egg counts (Pig. No. 9), and worm burdens of all
species \.t post mortem (Group 5 Tab, No, 14), more tham double
any other group. This practice was the most popular method of
rearing calves in the district.

The provision of clean m:-oto floors in calf pons
made a big difference in the incidence of vermineosis in hand
reared calves, Oaly two calves ocut of five beecome mildly in-
fested in one experiment (Groap C. Expt. B.) and none in other
experiment (Oroup 6 Expt. D.). Although suockling colves on a
clean concrete floor became infested in two experiments (Group
3¢ Bxpt. B. Oroup 2 Expt. C) this was due to their dams lying
in kraal mamure during a particularly wet autumm and transporte-
ing the infestation to them via %he teate., In a dry sumer and
sutuan the same group did not become infested (Oroup 2 Expt. D.)
nor d4id celves suckling on previously washed udders become infeste
ed when kept oa clean concrete floors, Calf pen hygiene was re-
sponsible for their freedom from parasitiss, |

(®)  SRASQUAL.ILCIDRUCE.

. These experiments indicated that parasitisa in calves
was seasonal, During the sumaser and antumn depending on the
rain and husbandry nethods, stoek became infested to a greszter or
lesser degree, During the dry months, i,e. from April to Noveu=
ber, with one exception (Calf No, 8246, Group 1 Expt, C.), stock
did not becoms infested, - Calves
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born between April and November (Expt. C and D), only
became infested in December.

31noo'rn1nfall‘ played an important role in
rendering infeotive larvae available. in numbdbers largs enough
t0 infest the host, it was important to know the minimua
amount of rainfall necessary, to dreate theas conditioms.

In Table ¥0.17 three ainimum prepatent periods
are given for l. placei larvas to reach maturity in the host,
and using this information a rainfall range of 13.3 to 72.8 mm
over periods of 10 to 22 days was shown to be the amount of
rainfall necessary. However theass larvae were recovered from
kraal manure (Tabdle No. III Appendix) and grass before this
amount of rain had fallen at the end of November. Hoberts
(1957) although giving s minimum pripatant period of 19 days,
reports an aversge period of 26-28 deys for i. placei larvae
to reach maturity in the host. Similarly Hayhew's (1941)
results showed that in eight out of thirteen cases tested
prepatont periods varied from 231 to 26 days. Both these
workers showed an average of 26 days as the prepatent period.
Since in my observations larvae of H. placel were diagrnosed
in faeces collected on 28/12/56 for the firat time, it is
reasonable to assume that infestation took place 26 days prior
to this, i.e. on the same day Coopsria pectinata larvae
infested calves., If that were the case only 13.3 mm of rain
distributed over *10 days was necessary to render enough larva¢
availadle to infest the host,

In Table No. 16 two minimum prepatent periods

of 32 and 56 days are shom for E. phleBotomug accordimg to
Mayhew's (1948) and Sprent's (1946a) observations resjectively.

%2he first rain was recorded on 22/11/56 giving a 16 day
period until 2/12/56.
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In Table No. 17 however only the period given by idayhew (1948)
was used, and 1t was shown that 42.3 mm of rain was necessary
to render enough infeotive larvae available %o infest calves.
This was done in view of the fact that observations reported
elsewhere, a® well as observations hy .ther workers

(Schwarts 1924 and Sprent 1946b) lhoiod that the larvae of
this species were very sensitive to drying and dessication,
and therefora unlikely to be available in large enough numbers
to infest the host when only 13.3 mm of rain had fallem,
waich would be the case if the prepatent period of 56 days
was correct.

Nocturnal dews in April and May 1956 were
extremely heavy and no rgin felil in April and omnly 9.4 am in
Hay. Pive calves born. in this period failed to become
infested (Calf No. 8240 Group 1 and Celves No's 8238, 8239,
8241 and 8242 Group 5 ixpt. C). Experiments reported elise-
where showed no larval migration from dung under the influenoe
of dew 80 that the observation that calves failed to beocoue
infested was understandable. Riek ot al (1953) and Roberts
(1957) however, stated that heavy dew would assist im migration
of la}van from dung pads. Previous observations (vide supra)
and failure of oalves to become infeutoﬁ'in April 4id not
confiras their observasions. |

(e) PLUCTUATIONS IN #Qii %GG CO

Worm egg counts in faecsal samples rose to a peak
from Harch %0 May in calves born from November to January

(rig. Ro.4 & Fig. No's 8 2 9). Sudden rises in egg counts

in summer and autumn were noted in certain groups of ocalves
three to five weeks after well diatrihutoq,hoavy rains fell
(Group B & D Fig. 4). A spectacular rise from a negative
examination the previous week to 1,460 e.p.g. was noted in one
oalf (No. 7180) on 7/1/56, five weeks after the rains had
started in the previous month (Fig. No.3).
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Egg oounts in calves bdorn in Pebruary and Maroch
showed two peaks, the most [rominent one being in June and July,
followed by a secondary jeak in October and November (Pig. Ko.6)
Calves born after the r.in-.hud ceased at the end of March,
i.0. April %o September calves, and kept under similar conditio&
d1d not show infestation on fasoal examination unsil ®Decemver
and January (Group 3 PFig. No.6, Group 5 Fig. Xo.7). %he
calves born im PFebruary and March therefore acquired their in-
festation before the rains ceased at the end of March; the
variations in the worm egg oounts were due t0 that infestation
and not to infestation acquired during the winter and early
spring.

Post mortea results in the winter, spring and
summer showed that wora egg oocunts were not s reliable index
of the wora burdens in calves.

Roberts (1957) has stated: "egg counts may bde
regarded as & reasonadly acourate index of the population
during the period of susceptadility to infestation, bdut
they are of doubsful value when the animal has acquired, or
is acquiring, resistance. In other words, it would seenm
that whereas high egg counts are a safe index of heavy
infestations, low egg counts do not neceasarily imply that
only a few worms are jresent.®

The observations in these experiments are in
complete agreement with Roberts' statement. Most calves were
slaughtsred when they were over seven sonths of age and had
been infested with worms for periods of four months or longer.
Some resistance to infestion must have been acquired by the
host since post mortem resultas were very variable when compared

with wors egg ocounts.

®rhere was one exception vis. Calf No. 8246 (Group 1 Expt. C)
;hiohb:a- bora in July and became infested at the end of
ovenover.
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(4) XMMATURE M. PLACEI “ORMS AT POST MOX{IEM.

The post mortem results of Zxperiment C revealed
the presence of mature and immature H, plgcel worms in two
autopsies done in Cotober and November (Table No. 13). |

" The mearest description of these imaature
H. plggel the suthor found in the literature, was that by
Roberts (1957) in his paper on reactions of calves %o H, plecei
as "small adult worms with few or no eggs in the females."
The females in my experiments had no eggs and doth males
and females were small. Roberss furthermors showed that
immature worms, in the fourth and fifth atage particularly
gould live in the host for long geriods. This has bdeen
observed with other lpooic;Tio-atodoo by various workers.
(Taylor and Michel 1952 and 19533 Gibsom 19533 Soulshy 1957).
On the other hand, other workers stated that the presence
of immature worms at post mortem was due to continual infec-
tion (MBnnig 1931; Morgan, ‘arnell & Rayski 1951).

In the desoription of these post mortea results,
under the exjsrimental observations of ixperiment C, it was
shown that the prescence of these im .ature woras must have been
due to infeatation acquired in March i.s. 7 months previously.
This conclusion was drawn from the fact that a winter borm
calf from the same group was negative at autopsy. Furthermorse
seven other calves born between April and Septemder, arasing
in the same pnﬂdock)ronnined negative on faecal examination
for this species at that time and for a further six to eight
weeks.

soeuyzy.

Four sxpdriments are desoribed on the trans-

mission of Cooperis sip, id. plgcei, Q. radiafyp and
B. phlebotomyp to susceptadle calves reared hy different
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nethods of animal husbandry. The following conclusions are
drawni-

(1) Calves beeome infested in the susmer and autumm oaly,
and fail %o decome infested in the winter and syring.

{(2) A minimum of 1340 m.n. of rain ever a period of
10-15 days, is necessary for infeciive larvas t0 decons
available in nuabers large snocugh to infest she host.

(3) 1%t is showm that the sources of infestation are:-

() Infested herdage.
() Infested krasl manure sdhering to oows Seats.
(o) Infested kraal masnure Wy direct contaot.

(4) vifferent systems of oslf rearing facilitate: the
spread of verminosis, not only whea rainfall increases the
availability of infective larvas but evea when little rain
falls in summer and sitimn. In order of their imporsanee,
the Sransmission of verminosis is faoilisated by the
following systems ¢f calf rearingt- |

(a) Calves suckliag in she infested kraal and
grasing in the infested peddeck.

(») Suekling calves grazing in the infested
paddeck.

(o) uokling calves cemfined to the infested
kraal and adjaoent infested calf pem.

(4) Hand reared calves sonfined to the infested
kraal amd adjacent infested calf pea.

(3) Umder the influence of heavy sutumm Fajas dalves
reared oa aclean eonorets floors also decase infested. The
sanner in which they woame infested is:.-

(a) Suekling on teats of cows that became
-~ QoRtaminated in the kraal.
| (®) Acoidental ianfestatsion of luserne-hay fed
%0 hand reared calves.
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(6) During e comparitively 4y suamer end gutumsp
calves confined %0 olean oconcorete floored yens failed to

beoome infested when rearsd as follows?-

(s) By bamd.

(b) Suckling on previously washed or unwashed
udders.

(7) Yost mortem results confirmed the resulis already
mnentioned under the transmission of verminosis. Although four
species of worms were recovered at post mortem im all the
groups, the order of numseriocal predominance of the species
was as follows:-

(s} Cooperia peetinats =nd Hacaamehns placel

Where the sourcs of infestation was the herdage
these species were recovered in large numbers.

(v) Zuposgopum phlebosomus.

This species was predominant whers kraal manure
was® the source of infestation.

(o) Qesophagostomis redistus-

This species was recovered in samall numbers
both whers thd herbage and kraal ssaure was the source of
infessation.

RR/EDL/5/6/58.
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PROPHYLAZIS

In his paper on the epidemiclogy of parasitic nemstodes
of sheep, Gordon (1948) divided the life cycle of psrasitic
nenatodes into two stages and two phases, "The atages ares
Parasitic - tho worms in the host animal and Pree-living - egge
and larvae in faeces on the ground. The two phases ares
Contamination - eggs passing froam the host to the pasture and
Infection ~ larvas passing from the pasture to the host™.

The emphasis of the sxperimsnts described above has deen
on the free-living stage and the contamination and infection
phases. Control messures descrided below are therefore
asinly a description of improved methods of animal grasing
aansgensnt based on experimsntal observations, and to a lesser
extent the r8le anthelminthics night play in controlling the
parasitic stage of the life cyels.

Prophylaxis can therefore bde viewsd froa two angles
which will be discussed separately. They srei-

1. Animal and grasing management.
2. The use of anthelmintiocs.

1. Animal and Oresing Management.

Since two aystems of farming i.e. dairy and beef
ranching are practiced in this area they will be discussed

separately.
(a) Dairy Ranching,

As aentioned earlier calves on dairy ranches are sepa~
rated from their dams at birth and placed in oalf pens. 7Then
the cows come into the krasl in the morning froa 9 a.m. on-
wards, two teats are milked and the calves allowed to suekle
on the other two, After the cow returns to the graszing
between 3 and 4 p.m. calves are herded intc & amall caap or if
very young left in the kraal,

These calves are invariably in extremely poor ocondition,
due not only to verminosis and various gastro-intestinal
disorders, dut also due to the fact that they are starved
because the dams milk supply is inadequate and the grazing in
the oalf camp usually very inferior., On meny farms the calf
canp is grased by sheep during the day, with the result that
very little good grasing is available for calves.
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It has been shown that calves kept under unhygienic
conditions in kraals and grazing on infested pastures become in-
Tested with heavier wora burdens than calves reared by other
msethods., The provision of a concrete floor in the ocalf pen
was suffiocient to reduce the worm burdean to low levels and even
to the state where oalves were free froaz parssites. It is
not only necessary to improve the hygiene in the calf pen and
krasl, but also to provide good quality uninfested grazing
for calves; attempts should de made %0 improve the mutri-
tional state of these calves by allowing thea adequate ailk,
higher quality grasing in the fora of improved pastures, or at
least enough good quality veld grasing, by providiang more than
one calf ocamp. Acoording to Dr. C.E.N. Tidmarsh ¢f the Division
of Crops and Pastures (personal comminication), veld in the
Rorth-%estern Cape should be allowed a rest in late summer
‘fellowsd by a rest in early summer, once svery four or five
years., The important period to rest the pastures are during
the growing season and Tidmarsh suggests the following rotatioa
on a four camp system, shown in the schedule belows-

1 1 1___ Cemps :
s ] H 3 ] t t

Year Season _ A : 3 . L+ : D s
1 t 8.8, 18 106 4 18 1
D § t L.S. t G : 8 1R 38 :
s s Y. t & 10 16 06 1
3 H 3 % 3 3 3
t t BeB3. t O 050 X 10 1
: 2 t L.S. 1t G s R 16 121G 3
3 1 W s & ¢t G 218 1 G :
3 g 3 3 3 3 '
1 t Bege 318 :tX :0G 0 ¢
r 3 t L.S. t R : 6 : 8 1G :
] s W t ¢ 16 : G :1 Q@ :
1 3 H g 3 2 :
t t BeSe t X t 8 18 10
t & 1 L.S. 1t & 1 G : 8 1 R :
H 1 ¥ 1 @ :1 @ 16 G :
3 b ] H H 4 L |

HOIZS pidmarsh divides the year into three seasonsi—
E.S. 18 early summer i.e. froa mid-September t0 mid-
Decemder. L.S. iz late sumasr i.e. from mid-December
to the end of April. VW, is winter i.e. from May to
aid-Septemder, Furthermore, G stands for grase
and R for rest,

As can be seen froa the schedule,three camps are grased
in the summer and four in the winter, Each caap is grased
for two and rested for four weeks in the summer, whereas sach
camp is grased for two and rested for six weeks in the winter.
Should more than 40 m.m. of reain fall in any fortanight calves
mst be moved every week to another oamp, and return to a

fortaight rotation when drier conditions return. This would
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assist in verminosis control without detriment to the veld,

The sise of these ocamps would be determined By the
earrying ocapecity of the veld, the mumber of calves on the farm,
the available water supplies ete., and in each case the farwmer
would have to be guided by the advice of the local Agricultural
Extension Offiocer.

On farms +here dairy ranching is prascticed, dulls run
with cows constantly, in attempts to make the cowsoalve through
the year. Bonsms (1939) has shown that the main ocalf orop
is in nid-summer -~ froa November to Jamuary - and t0 a lesser
extent in mid-winter - June and July. It is suggested there-
fere that cows be served only in February, March amd April for
the summer calf corop and from the middle of August to the
middle of Ootober for the winter calf orop.

If these calves are allowed to grase in special camps
by themselves it is highly desirable to wean the summer calf
crop by the end of August and the winter oalf crop by the end
of Pebruary. It was shown in experiments on the episootology
of verminosis that calves oarrisd worm burdeas fros sutumn
through to the following sumaer. In spite of these calves
being reared together with winter and spring calves, the
younger calves reaaineld free of infestation until the rains

started in Deceaber. 1t is therefore important that the ealves

p x '} ous we Q

born during or after June, before the rains start in Degember.

If calves born in summer are weaned st the end of August, and
glven good grasing in a separate camp, they will mot carry in-
festation to calves born in the winter, decause they will have
left the oalf camps in the dry sesson, at least two months be~
fore the rains start. Purtheraors, it is desiradble that win-
ter bdorn calves, when weaned at the end of Pedbruary, do not
grase defore the following winter with oalves weaned at the
end of the previous August.

This therefore entails at least four calf camps and
two weaner camps. In brief, summer calves may become infested
in summer and sutumn but will not infest winter calves if the
latter are born after June and the summer calves are weaned in
August, Calves born in winter will be free of infestation and
ean run with calves borm in the following summer until the
former are weaned in Pebruary. If both August gnd Pebruary
weaners are kept separate until the rains eease in autumn, they
oan join the amsin herd the following summer. By this ti-e
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their ages will vary from 18 to 24 months and the older heifers
can join the breeding herd and doth groups will be fairly wora
free; 4if not reaistant to verninosis, at lesat the effect :of
verminosis on thea will not bs s0 marked if they decome in-
fested thereafter.

Riek ot al (1953) have suggested that the low incidenca
of verainosis in calves at aleny, Queensland, Australis, where
annual rainfalls are high (aversge 68 inches) was due to im~
proved ley pastures, rotated evary few moaths and other mitri-
tional considerations, as well as the provision of concrete
floored ealf pens and cow yards,

The dairy herd at Armoedsvliakte was similarly lightly
infested. Calves were born in summer only, kept in three
camps that were rotated every six to eight wesks and after
weaning in August kept in ssparate camps for another year. No -
sheep graszed in any of these canps. The calf pens, kraals
and cow byres had conorete floors, and calves suckled on their
dams after the udders had been washed, All these calves re-
seived more milk than was the practise in the distriot. Hyglens,
improved nutrition and the separation of ags groups all con-
triduted to the lew inocidence of verminosis.

(b) Beef Ranching.

On farms where beef ranching is practiced ocows calve
in the veld and the oslf is not separeated from its dam until
weaning time., The incidence of verminosis on these farms
is of a mach lower degree, than om the dairy ramsh and cslves
are wore healthy and batter,than their counterparts on the
dairy ranch,

It would de advisable on these ranches to kesp the
breeding herd in separate camps from the rest of the herd,
Purthermore, since milk is not the farmers source of inoomse,
there is mo objeoct in having morxre than ons calving season. for
more efficient managemaent of the herd, unless fertility of the
cown is at a low level. Sinee most calves are bora in the
summer, oows should be served from Pebruary to April so that
calving oan oOccur in Kovember, December and January. This is
unfortunate froa the verminosis ocontrol point of view, snd
winter calving would be preferadble, dut calf orops in winter
are ssldoa as plentiful as sumaer calf crops; asnageaent is
als0 simplified with one calf orop.
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All calves should bde weaned in August and placed in
their own oamps. Since calves will normally lose gondition
at this time of the year after weaning, the best available
grazing should be set aside for the weaned calves, and if at all
possible weaners should be separated froa the rest of the herd
until they have reanched the sge of two years when the heifers
join the dreeding herd and the oxen join the older stook for
fattening prior to slaughter. From the manageaent point of
view 1t would ¥%e desirsble to separate heifers and oxen at
weaning 1if separate camps are availadle for both groups.

It can be assumed that calves bora in summer will decome
infested with parasites defore the rains cease in autumm.
Apart from the use of anthelaintios in wora control, which will
bo dealt with later, two additional methods are suggested for
oonsideration, These metheds arei-

(1) Graging Rotation.
Srazing rotation as advocated for dairy oslves would

be highly desirable for the breeding herd on desf ranches.
However, thizs may entall considerable expenss dBoth in fencing
material and the provision of water supplies, particularly

if the breeding herd is large. Where & four camp system is
impracticadle, Tidmarsh (personal communiomtion) suggests the
following rotation on a three camp system shown in the schedule
belows-

]

L
-

°

1<

.
LR
”
[
[

] ] t t t 1
" 1 ' LeS. . 1] . R ' 1] :
. ¢ v . G (] e

$ 3 t
t 3 Bel. t & t X s 0 1
s 2 s L.S,. 1t R ¢+ & 8 H
] ] v t ¢ 1 G 10 ]
t t % 3 3 ]
? T Beos t B 0 10 1
s 3 ¢ L.S. t @ ¢+ G R 3
s ]  J t ¢ 16 :1 8 ]
3 3 3 3 )

HOIE: E«3. 48 early summwr 1.¢. from mid-September te mid-
Decemberg L.S. is late summer i.e. from mid-December
$0 end of April; ¥. is winter i.,e. from May to mid-
September. C. stands for grase and R for rest.

In the sumaer oasmps are grased for thrse weeks and rested
for three weeks; in winter camps are grased for three and
rested for six weeks. Yerminosis control under these condi-
tions is almost impossible and much less satisfactory thaa the
four camp system mentioned earlier.
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Due to the geaeral lack of water in ths North-Vestern
Cape it is diffioult to supply water $o0 separate ocamps. This
can be overcome by extending existing water supplies, and
providing separate trouzhs for each camp, Division into
camps would therefors entail fences mesting at or near a ceatral
point and water troughs being placed in each campjer using the
fenoce between the camps teo divide the trough as well, so that
stock have water in each camp. . . . .., On many farms water
troughs are divided in the manner suggested. By various
msthods existing reservoir tanks oan supply more than one water
trough, or the water can de puxped froa tanks, to other reser-
voirs, to extend the distridution of existing water supplies.
Provision is made under the Soil Conservation Aot, for the
subsidising of fencing material and piping for the extenciom
of existing water supplies from boreholes t¢ additional watering
points.

(2) Regoval or Disinfestetion of Kraa] Namire.
(a) Removal of manures

Conditions similar to those existing in kraals are common
around every drinking trough on farms owned by European farmers
in the district. idany years of acocumulated msnure are found
around watering points on almost every farm.

On the trust farms of the Wative Affairs Department,
no such manure ascumilations exist, because the Native stock
owners collect dung pads while still fresh and place thea in
heaps next to their huts for use as fuel when dry or even for
building purposes. It was noted that Native owmed stock were
practically worm free, although calves were allowed to run with
their dames in a siailar fashion to Buropean owned stock. In
view of the investigations previously described the lack of
manure at watering points must have been largely responsible
for their freedom from parasitisn,

Since oattle tend to congregate near ths water troughs
during the heat of the day amd deposit a high concentration
of manure there, it would de adviseble $0 remove msnure
regularly, particularly in the rainy season, froam the vicinity
of water troughs. This 1s not practical where the soil is
“very sandy, since the manure bde omes well mixed with the sand
and it is inmpossidle %0 separate manure from sand,
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(b} Disinfestation.

The disinfestation of kraals was attempted in a kraal
on a fara® in the district, using delta isomsre of bensine-
hsxachloride. There were two adijaceat kraals, used by two
different herds, and kreusl msnure examination indiecated that
both kraals ware infested. The one kresl was left as =
control end the other kraal dughd with 25 1bds of a 5% dslta
B.H.C. powder. The area of the treated krasl was spproximately
20,000 sq.ft. and the treatment was carried ocut in “March,1956,
vhen rainfells were particularly heavy i.e. 120,0 mm for the
montih. Subsequent examingtions showed that infective larvae
were absent from the treated kraal for a period of two weeks
only, “hereas the control kraal remained infested throughout.
This insecticide was therefore of temporeary value only, in
deoreasing the number of infective larves in kraals,

Laboratory trials of the effects of various chemiceals
a8 larvacides were carried out and the results of some of
these trials are shown in Table No, 18,

Table iio, 18,

The effect of various goampounds at concentrations
of one part per million =tz in agqueocus solution on

infeotive larvae,
;i Compound l Perosntage mortality of infective :
' : larvae afteri- '
' ¢ (@) 24 hours _ (b) 48 hours :
t ”‘” t N s
! thion 25% T0% | 80% :
:Ahhlorthion 2046 40% : 904 :
; Phenothiasine | 35% ; 408 :
+ gamaa Beansine- 1 308 3 40% t
t hexachloride 3 - ] 1
s s t (
delta Benzine- 5% 20%
;_ hexachloride ! : :
1®Po1ybor 3 8% 3 10% 3
x Malatiion is 0,.0-dimethyl-dithiophoasphate of diethyl-
mneroapto-succinate.
§ Chlorthion is 0,0-dimethyl~O=-3 chloro-4-nitrophenyl
thiophosphate.

B Polybor's aotive ingredients are Sodium Pentaborate tetra-
gggr-tc T7% and Sodium Tetraborate pentahydmate

Trials oonducted by Levine et al (1956) showed that
salathion and chlerthion killed or prevented the developsent
of horee strongyle larvas at concentrations of 0.02 and 0.06
pexr cent respectively. The resulis summarised in Table No, 18

% Buckshee - cwner ir. Rex BRtler
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showed that thess compounds ware also very effective larvacides
against infeotive bovine nematode larvae. The results with
polybor were unsatisfactory (Table No, 18) although EHoerlein
{1950 and 1951) showed that this compound destroyed Anaylpatoma

caninug larvas.

The effect of malathion omn the development of larvae
in cattle dung wes tested by dosing three infested year old
cattle with this drug much on the same prineiple as low level

 phenothiazine dosing. The toxicity of this drug was un-

known and it was decided to incorporate toxieity trials with
tests of the effects #m the worms. The three animals wers
dosed with 5, 10 and 20 agm.per Xg. body weight of salathion
respectively every day for three months, Although this drug
had nc apparent toxic effent on the three animals tested, it
was also of no value as a vermiocide, snd spparently mot enough
malathion passed through the alimentary cunal with the faeoes
to act as & larvacide. Vhem mixed with infested freces in
cultures, both malathion and chlerthion at one part per 10,000
parts of fasc .al culture medium, caused a 50 per ceant reduction
in the development of larvae to ths infective stage when com-
pared with controls.

These druge may be of value in disinfesting kraal manure
but were unfortunately not tested in the field, Malathion
appears to bde non-toxic for stock sven at dooage rates of 20
mga. per Kg. body weight for a period of thres months. 3Sefore
its use is attempted as a larvacide in kraals, its toxieity
should be tested on new born calves, which are usually more
susceptible to the effeocts ef any poison than older stook.

At the moment, all that oan be said is that the use of
certain inascticides as larvacides in krsal manure nseds
further 1nvcat15ation._bctor. recomisndations csn de made,

Apart from these methods of deorsasing the danger of
manure as a potential source of infective lurvas to susoeptible
calves, conorete floors can be laid around water troughs and
regularly cleaned. It is doubtful whether any farmer will
be able to carry this out with the scarcity of labour, or whether
i1t is preactical to -urround every trough in the various caaps
with large areas of concrste, which must be cleaned regmlarly.
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It is as well to mention that all water troughs should be
well constructed and leak proof and st least a small area of
conerete flooring be dbuilt next to the trough in case of over-
flow of water. It was frequently noted that due to leeking
drinking troughs or the overflow of water due to faulty ball
valves, the area next to the trough was a aixture of soft mud
and manure. Such artifiocially crsated conditions obviously
supplied more than enough moisture for larval devalopment,

and were dangerous, potential scurces of infestation.

The remarks on leaking drinkiag troughs also apply
t0 dairy ranches.

2. Ihe use of ggthg&g;ggg;og.

The author having tested only twoe drugs viz., phenothiasine
and tetrachlorethylens for their efficiency as anthelainthics,
the recomiendations made below are bassd on the observations
of other workers as well., Recent investigations show that
the following drugs are of valuet

(a) Tolusne: Agcording to Risk and Keith (1957a) this drug is
an effeative anthelninthic against H.placei,B,phlebotomum and
Cooperia app. Cattle must be starved overnight and immediately
prior to treatment, 60 o.c. of & 10% Sodium dicarbonate soclution
given to close the oesophsgeal groove (Riek 1954). The drug
is then dosed at the rate of 10 c.s. per 100 1b body weight,

in an emulsion preparsd by the addition of an emulsifying sgent.
Apart from temporary anassthetic effeots this drug is relatively
non~-toxic according to thess authors.

(v)%118 dinydroxyenthraquinones  Hiek and Keith (1957h) have
shown that this drug 'as_highly efficient against H,placei,

Cooperia spp.and O,radiatum administered per es as a suspension
in water at 2.5 grams per 100 1b body weight. Ho predemedi-
cation to close the oemophageal groove, nor starvation prior

to dosing is necessary.

(o) Ehenothiasines This drug is effective against H.placei

and O.radiatum aecording to various workers (Sprent 1946ej
kiek 1951, Reberts 1355). These results were confirmed at
Arwoedsvlakte, The usual dosage rate is 0.2 grams per 1b body
weight according to Riek (1951) and Roberts (1355). The
usual saximum dose is 40 grams for an adult.

% This drug is sold under the proprietary namesfPiagquone”
“Altan” “"Istin" and "Istizin®,
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(d) Tetraohlorethylene: This was mized with an Jemilsifying
agent and one part of 0201‘ was well shaken with two parts

of water to make an emulsion. Imaediately after dosing with
60 0.0. of 10% sodium biocardbonate solution, 25 o.c. of this
emilsion per 10G 1b body weight were dosed to a maximun of
100 c.0. 1.8, 33.3 0,0. Of 0201‘. Results were not very
satiafactory although the drug was effective aganinst H,placei.
Yhen larger doses of 6C ¢.0. of semulsion wers used i.e. 20
CeC, 0201‘ per 10C 1b body weight, after premediocation with
10% sodium dicarbonate solution, this drug was highly effi-
cient asainst H.placel, but not very effeoctive against other
WOTRS.

The most efficient drugs against the parssitic nema-
todes in cattle would appear to bde toluens and 1:8 dihydroxy-
anthroquinone although these w:re not personally tested. The
price of the latter unfortunately is too high for it to be
used where large herds have to be treated. The disadventage
of toluene is that animals must be starved overnight, and
that this drug must pass dirsotly into the abommsum to be effi-
cient. It is effective acainst JH.placel, Qooperis spo., and
B, phleboiomym, however, ascording %o Piek and Keith (1957a)
and since it is cheap its use on a large scale is recom:ended,
Phenothiszine appears to be the drug of choioce for the treat-

aent of O,radiatum and H.placei.

Strategic drenchings It has been shown that stook oaly

bezoms infested in summer and sutumn, and that differemt spe-
cles of worms are precent in stook in significant numbers at
different times. 32ach species will be dealt with separately.

Cooperis spps Kgg oounts reach a maximum on fascal examination
in autumn and post mortems of calves in the winter showed large

recoveries of C,peotinnta.

He placei: There were two peaks in egg counts in this species,
the wmost amarked being in sutumn and a secondary rise 4in spring.
More worms of tihis species were recovered at post sortem in
the winter and spring than in the summer.

O.radiatun: iEgg counts only reach their meaximum in winter and
at post mortem this species was more plentiful in the winter
than at any other tize.

Bephlebotomumt Lgg counts in this aspecies were at their maximums
in winter, whercafter they fell to show a secondary rise in the
spring. iore worms were recoversd in the winter and spring
than in xid-summer at post wmortem.
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It 45 therefore suggested that strategie drsnching of
stock be osrried out om all stock apart from calves younger
than two months of age or winter born salves, The best tine
t0 dose, and the drugs of preference would then be as followsi-

1. Februaryt This drenching is aimed at Copperia app. amd
H,placei, before the rise in egg output in autumn. Toluene

would be the drug of prefsrence.

2. day: This treatment is aimed at Cooperia spp, H.placeil and
Bophlebotomas which will be present in fair numbe:s by this
tine. Toluene would be the drug of shoice,

3« dulys This treatment is aimed at O,radistum and phenothie~
sine would be preferabls.

4. Augunis Thls treatment is simed at the spring rioce in egge

output of B.phlebotoiun and H,plucei and toluens would be the
drug of chouice.

To suasarise, tolucne would be dosed in r.brunty. May
and August and phemothiaxine in July.

Calves born in the winter need not be desed until
7ebruary and since they will be waaned in February, they must
be dosed hefors going to the weaner camps. There is noc oOb=-
Ject in dosing sunmer born calves before they are two mcnthas
of age since thaeilr wora burdens are very low before this age.

Ranch cows due to calve in summer should be dosed in
October. Since thoy seldom have more than a mild infestation
of H,plagel and very few other parasites phenothiazine should
be used. In these animals it may be advissble to incorporate
low level phenothiszine treatment Ifrom Hovember to May by adding
10 per cent of this drug to the lick, The expemse of low
level phenothiasihe dosing would hardly de warranted with other
stooke.

In the event of heavy rains ocourring at any time,
tactical drenching with toluene four to saix weeks after the
rains comnenced would be advimsble.

SUMMARY,

Possible methods of prophylaxis based on experimential
observations are desoribed and the possible use of strategio
drenehing using anthelminthies which gave promising results
when tested by other workers is included.
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The recomaendations made are as followsi-

1. Separation of calves dorn before the winter, from younger
calves born defore the following swmmer,

2. The provision of conorete floored calf pens and kraals
on dairy ranches as well aa.four separate graxing paddocks
for calves; the paddocks to de regularly rotated.

3. The separation of breseding stoock from the rest of the herd
on bdesef ramnches, and the provision of camps for these
animmls which sre regularly rotated.

4. The provision o separate camps for weaners,
5. Strategio dosing of »toek with anthelmimthiocs using
toluene in February, May and August, and phemctihiasine in

July.
6. Yherever possible, improving the nutritional stats of calves
and weaners.
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After oompletion of this paper the author
obtained the following reference -~ RIEK R,P, and
KEITH R.K. (19%8). "Studies on anthelainthies for
cattle t IV. The organic {hosphoroun coapound 0,0~
dimethyl-2,2,2,~triochloro~l-hydroxyethyl phesphonate
{ 3ayer L.13/59s Augt, Vet, J;, Vol. )4, No. 4
Pp. 93-103.

This drug is known by the trade name of
"Neguvon", 1Riek and Keith observed no significant
difference in the anthelminthic efficiency of the
squeous solution or as a 30¢ emulsion when tested at
the same dosage rates,

They found the 4 highly effective against

and Q&fﬁsé_ggg at dosage rates of 2 grams per

ody we dooagc rates of 5 graas per
100 1b, body weight it was effective against Cooperia

spp., B.phlebotosus and even T.axei,

An extreuely important observation was that
this drug proved sffective against the immature styges
of most of the conmzon neaatodes of ocattle.

Although relatively non toxio at the dosage
rates recommended, calves on high protein diets showed
severs syaptoms, and theas authors sdvise the usas of
this drug under veterinary supervision until aore ex-
perience has been gnined with its uee.
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RISULTS OF EXPCRIMLNTS ON EGC HATCHING AND DEVELOPMENT OF LARVAE TO THF INFECTIVE STAGE
UNDLR FIELD CONDITIONS .

: 1 tg 3 R P4 8 s ) ) K3 1 KD 1
H ] 3 3 18 g 2 % H 3 S 3 * 3 1 3
1= B . - :gf‘:: = ! 5 + lLarvae recovered with , @c'm: et B 1 e 3 s E 3 :
e 1 : S g, feg o3t md o © 3 the Baermann : S9BE: ®* : t 3 s
-
T | ’Eg y :E 33 st ged >y 8 " o H Apparatus, 1 *‘ﬁ Mo H H ] 3 H s
S . 258 & - = g N g a =t - REMARKS
‘“‘gt sr‘_—:ca.E Palp R "‘Et EIZ P f éz 3 : Qag : : 3 - : R .1
Iug , ‘ﬁg IE tuxlont QSE @ 3 3 t ] b 3 1 ] 3 H =} 3 S
¥ 3 g -t 1l gy 2 3 1lst : 2nd 3 rd : e 2 : 1 : 1 H
:gél §gﬁ :Sgu | 585}5!%&:@38& § ! Stage 3 Stage Szagg 3 Hggg 4 2 3 2 ‘5 1 3
S H
H : % 1 t : 1 t t s $ 1 : : t : 3
t 1 ¢ Exposcdil5.8.56: 1&F.: 3 : 260 31 - 1 - 3 - : - T = 3§ = 3§ e 3 e 3 1
3 1t0 sun,t ¥ ;3 - - ;3 1 2. 1.9.5% 1 18# ] 2(b) Fo eult H
| P L - 13 i i = 1 = 1 s cultures
i1 - - i - i = 1 resuits from in- 3
1 ] " t cubated dung, $
1 I
) 3 g 3 s
] I = 3 = 3 3
: : % t t 3
s 110 3 - g - 1 H H
3 - - - 2 ‘ H
110 3 50 3 3 :
b 80 2. i 42%_.: : s
3 o ! - ot ] :
S 3 s ¥ 3 ] t 1 : 3 t s
s+ 3 tExposed:18,8,56;: 3 J i 1 - - 3 - t t
1{alito sunsi 3 106 i fi- : No centrog cal- 3
H t % H H H s H t ] $ 3 ' ture made. H
!(b)i, d“t_; do. ,10 ,E do., 8 , O , 7 | -z > . :
:(e)' do. ! do. YO0 ' E do,' €5 8 o ¢+ = - 1 3 :
] : 3 3 t s 3 : 3 : t
1 b :Expoaad:13.9.5‘: 'S 1 W10 31 - 1 $
1 10 sun.s 3 H i - t H
s T 1 3 3 H
1 1 B 1 t L 8 t s $ 0 H H
((B), do. , do. , 7, E do., 155, o , . "
H l ) : : ! 1 t T - H H
:(c): a0 : do. _§A9 . E.:do.: 125 2 0 _i - : :
} -
3 f - H 3
1 t : : 3
- 1 - 7 t Incubsted dggg) 3
1 - i £ 1 culture in 5(¢ ]
- i : : : 5 A . 23 accidentally H
3 - i - - - 3 = 1 = _ 1 discarded before ¢
L1 38 s 2 1 ¥ t examination, t
3 : - 3 3

- & F, Presh faeces examined for eggs before dung pads were placed in the field,

.. B X, . Control cultures incubated in the laboratory.
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BB b b N Qs Lo Lcontinued )

K s : 0t % : : e : e : s

T : B 1 BX: : « 1 tg : « ¢ : : : :

By g, H - 3353 | X 3 Larvae recovered with 1 3 H 2 s . . 3 ¢ t

i€« 10 P 3 1g, 3 ® 1 = 1 the Baermann P e 8 w 3 : : o 1

e 1283 .1 52 1B sBu*E:E Sar © Apparatus, -3~ 3 3 3 4 ' REMARGEKS, !

:g‘ t 829 Sg 3o P e waE; & s 00 M 3 : 3 ~ IR S * s
of IS 2 o A EE <o g<9s i wo & @

Hor g @ 3@ P tHen 1 gt a1 $ s ! Baeg ! : s : 3 t

:Eﬁz"é% 1 B E 12 xg?ggx EE853% q ! 1st ¢+ 2nd : 3rd 3 2%% $ -« t 3 = :

Yo a c » ‘d -

:&Ex SBE 1548 sg;;:mwz‘;%: WEoE: 8 o Stage ;3 Stage 1 Stage Eﬁgg s S 3 s s : t

* T NS T TS W .= 1>} U T — - VT S Tk L . L. - . dax - -

1t & ikxposedsl3.10.% t Fos : s 3F0 - 3 - 3 - : - 3 - 3 - - 3 - 3 H

] ' - - L H H

2F - i 3 3

200 @ 3 3

- 3 : :

25 3 3 s

$ - 3
H - 3
i - 1 :partially destroy-:
1 - 4 ns beetless
$ - 3 zlo'a 7 (d) to (1) s
i - i textensively damagely
t 162 tby dung beetles, 3
—t - H 132 $ ]
1 10 ¢ - : ?
s ' - t
3 1 - ]
1 1 - s 3
) - 1 - tsBaermann Apparatuss
1 3 3 3;; 31 % g s%nrggg) not 1den- 3
H ] t 1 3 % tl . 3
1{4); i:do."?JE.Jdo.} 7 L= 1 e - figa :
‘(@) do. ! do, 331 ] E.‘do.' 1o 3 o ! : - 3 100 - 3 ; ] - g = 3 - 3 :

ke e L TR
H 9.th,xposedcn,1.57: t I Y | H t 200 - - ] - 3 - 3 - t - 1 - 3 - 'ﬁ ed a beg=3
3 tto suns fAal 20 - SN - TS S - .. £ i By . 9% 4 3 ” 4 ;§§v og g
$ O.tsxpeﬁfdc 1.1. 71 s Fe1 o 3 %0 1 =« g = 3 - 1 - ft = t = t = t « 3D pads destroy-:
3 N : 3 3 N 3 'y B 3 1 > “*“ "”’ "pads,
' t '8 ot 3 I - 3 - : ' S S od by
' t° sun. ; ” s . ] 3 —) i T S— Hereggagag -
¥ t Fot s s : - 1 t $ 1 = 1 - : ng
: ] ‘ = 1 - 3 20% 4 d from N0
g 5 1501 -T-'Iiﬂp 1,550 = - Eﬂéw-‘-' A .’-;:SI .‘.Lr.‘b tonwnrds protected s
: mmm mnmmu > 10237 3 7722 3 - 3 10,000 132.5%F 319,5% 3 I8 3 WL by wire gauze eages
Y CITEN i \ ‘HT i 200 1 S 3. 3225 31,802 3 - 1 Ka‘lt-‘.' 'H'E; .'-h b 2log2 _ifrom dung beetles,s
Yea)! do. ! 5% E.fa0.! 208 ' 30 ! 13,790 3 250 t B t 30¢ s 2% :Compare No,12 with:
D ¥ * 3 * ; L"’x *: i 1 i’% 3 Bit 3 - b s* o K. X :go.l.'aegu?g patzgmt
t H ] s QU | ] ] 1 H t 250 ‘ % ¢ - gderiv rom iden-s
;(8);, do. , do, 6  E.do.. 210 , 15 ., 2" . 7 . "7 1,175 3 R { 38%  stical faeces tut 1
Soeyt t $ ptp 8.8 3 : 1001 75 : 7,500 - : 55% : 2% ¢ 18f : 24 idung pads weighec ;
3(f)[ do. . do. ¢ 7 . qudoox 250 " 0 . - . e . L - v ‘ £ . % ;Lll-oo ¢ms. 1in 0,12 1
LIPS : $op $ g 8.8 3 8 =« 3« 1 L0 3 - : FOX 3 ; ¢ 3%% 3+ « tand 1 Kg. in No.13:
:(g); do. , do. .30, k. éo’z 85 1 ° ; - =1 M-;é i 437 3 532 H & 3. 9% 3 - _ivhen placed in thes
d :0 ‘E. dos s c ! : t $ s 72% 7%+ 218 :1fields. | ]
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: 3 ! g o )45 t s 8 t : 3 1 : 1 : $
33 8 3 12 1 185 3 3 : t : . : : s :
< gy s . 1P 3 1 s w * & ¢ Lervae recovered with 1 2=, ¢ & % ¢ 2 ¢ $ :
B s 2 : E I pp et mtg O e t the BDaermann ; %p H L : H H H
zg JBES s gg 195 g:’;"‘: s & Apparatus, : ;‘.’;§§ 3 1 3 s [ 2 :
S H:x.% i B x%a:gH:;;gz =R : B, : @ M2 3 - ¢ t s : MARE S, °
15 ﬁg&- t @ g sﬁ@cqmam: eggu: Q 1 : : gfsugg : 1 : : : REMARES, ,
:gézgzﬂg 3 § :Em‘agz‘&"’: gggai & :1st 1 2nd 3 3rd 3 !S“E“ 1 : : i ¢ 3 :
gk ot g = b $EH DR Oky TAVH; W ¢ Stage :Stage 3 Stage 1 ggqg : $ s t : 3
$ ; , :
I : t 0t & 3 1 : s N : t t s 3 : 3
t 13:bxposed122.1.573 1 Fas 3 t 0 : - 3 - 1 - s - : = 3 = 3 e 3 o= s
t 3to suns I : i .- - 3 - 3 7,59,9___;__1% 3 % 3 J.g_z(:omparo with Ho.12:
1(a) do. ! do. ! 8% E.NOO! 650 ! O ¢ 15979 & 3,150 3 2,500 t _ = 3 1 1 3 1(See remarks NoJd2)h
3 i SR TS N 1 =3 3 ?_g 3. 8,175 3 269 A _% i t

:(b)’ 215 ! o ¢ t s > ' - } 3 : :

T ¢ & ) s t 1 T

:llr.sEt:posedslz.z 5?; s Par 3 t 1% 31 - ¢ - 3 - 3 - § =« 3 = g e 3 e 3
R suns : g i = 3 = 3 - 3 7 % s
: _ [ %‘: - 8 P ; 252 L 3
] nr-mmm n: 3 i - 3 - 1 1 237 3 2% 1 2
PINY 3 N 3 T - 31 9= 3 $ >t - 3 t 2~ 3
:(c): do,. : do. %G%E 'do.f 85 04 - : - 1 . . 33 3 12 4 3 4o o
t : 3 - - 3 s - 5 t =~ 3 e« 8 - 3

3(d)_‘~ do. 1 do. L8 1 E ‘dﬂol 65 3 0 = i -3 - i 27 1 gzz.__i 1 : - 1 - 3
PIRY 3 Sap g 84 8 s t - t 2~ 3 t - $ t = 1 = 3 = 3
'(0)‘ do. N dO' L3°3 E.Ldo.; 70 v 0 - 3 - s - 3 45 i 15 i - " - " - 3
:(r)’, do. ; do. 0. E.do., 8 » o . T+ T & 195 ' - 7 e A .

6 0 U S0 o0 S5 YR 08 06 S8 G0 S0 BE M 4p O 8 AE 45 9P B0 OB we unuauunnn'uun

s t & 3 s Tt : 'S 3 s 1 t N
slS.sprosedslzd 5?: t Por 2 t W0 3 - 1 - 3 - : - T - 3 - 3 e 3 = 3
; stt0o suns 2 ot _;__ - j - 2 b $07% S 7 \& ]
t{al)s : , x? O 502000 4% 3 & »-‘#-mm, t
$ 3 1 - - 3 125 3 52.9% : L3 64 § 3 8% ; O, t
: i 1 1 - 3 7175 : L1.%% ;1 Sh% 3 4 8% < 1Small number of
: 3 i 40,1 i 1 - 1 2,500 : 574 1% : 9% %__3larvae recovered
] s 3 ' ? 1 1 t 3 : ' 700 - s " 3 v 8K 2 2 1in control culture
,(e)j do. i do, Fs_l B fo.i 180 . 150 2 ’- s ’E N - 1—1‘375 3 R o 0% : - 3
PR 3 1 £t gt $ : 3 0 ¢ 2,890 ¢ 2,300 3 - 1 t +  19% 1 t 3%
(f) do. | do. 6 E 90, 135 ; 120 | U7 0 v ol " AL ¢ 2 5 2
s, .8 1 t _t_ %t 3 t : 1 $ : - 1 4o ¢ ) ¥ 3
sg)y; do.y do. ; 7 ,;E jdosy 129 , 30 , 350 s 1’.];50 ' 7’530 12,250 @ 7?2 t 187 17;;* t i% :
24008 1 P T SR $ s 150 : 200 : 8,750 - : 7.5 l&: 18 ¢+ 1%
’(h)L do. ; do. . 8 ; B 3d°'; 215, 0 - T, > i ' S /0% ) 24 % ek ..
: ' 1 3 s 3 s 3 1 - 3 F g 6,87 s - ) .52 1 14% 1 * ¢t 1.5% 1
(1), do, , do, , 9, E do,, 185 | oo 3k f 2 1 3% - !
'(:)‘ do. ; do. 330 ; E ;do.; 105 | -y 15,000 1~ o 1 ofg . 14 Pz
| T R KB t KNS 3 ) AY]l dung pads colws
sl‘.tExposadszit.hJ?c s F :t 390 3+ = 31 = 3 - $ - t = 3 ® § e 1 = :lpcted from 1€(d) s
t tto sun P4 : ORI R S = : 7% 2% conwards where di- 2
si{a) . 3 3 g - 3 -  _svided into the cnet:
H 3 3 2 w2 - sor upper layersand-
1 i 3 - 3 - tdepth or lower lays
3 ): H 3 00 - 3 - H ¢ 1ers as indieated 13
144 203, BENE. . D -1 I S S | mm._;_w_x__m.m C.(crust) and 1
1, 3 t ot Cas, t 75 1 0 3 = 3 5 3 - : 15 6% 3 W 3 { ¢+ 1 1D, (depth) in the 1
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" ) - Atwmospheric conditions
A9/%55 |26 |griet Sherm | 19,9 03 9.9 . - 8 - Wi e ol Gm1s 1| om1s 1 |were unsuitstle for de-
' { : velopuent..
sizet Wot ; ‘
19/7/5% (12 |measured. 217 3.9 b4.S Be v %X e e o w L aubSnil W @0, o do. ¢ pitto
fxposged to sun. )
%
Sipes Gx8xé ;
19/7/65 |12 |In pertial 21.7 3.9 b5 B - - - - o - - 0 0. G-l do. ¢ d0. o pitto
ahade.
S Slzed L3ROx2e a - y =
1‘/8/55 36 iixposedstOQunf 19.1 ~U w5 b? e - - - - W - - 1 1 1 1 d0. W Ao, L . Citeo
]
|
Slzes 20xb2xs “ S s . ! B S e
8/8/ i v 26,0 «0.6 oy & e, - % - - d0, Gw . . ME TP 2
18/8/5% 8 sﬁﬁgﬁ{till 200 ~Ue6 35 L E? u do. & do ~ do 67 number of larvee regover-
ed 18 not very significant.
Ho lervae recovered in the
Size: Not [ dung pad due to unfavours-
20/ 26 |messured. In | 1% “0.8 30, 8, - " a5 o o ‘ g |#ble atwospheric conditions
b Fgrgiﬂ aiade ear i . Specimens B, ¢, b, end &,
| accldentally discarded be-
| fore exsmination.
:
Slge: 12x7xb \ i The dung pad wes hollowed
8/9/55 12 [in psrtial 285.6 2.0 37 e - - - - @ - - ¢ 80, G20 G 40, o ao, o |out by dung beetles which
shade . [ s may have accounted for the
lack of development.
L
; } Atmospheric conditlons
" 19%7x25 i ;4 ;ﬁ ;, e 16 y ‘ were smore favourable for
24/ 9 i |Slee: RTRE - o .2 5 b 954 ] - ;i} - - k E lervel developsent.
/9/55 |1 Exposed tosun,| -0 62 3 20 By ?°' $ed do. > a0, 210 | N.b. Wore lervae were pre-
9955 X PS5k sent in the depth of the
f dung pad thean the crust.
:;. =~ intire dung pad. i
o | £ AR dung Pus : Digitised by the Open Scholarship Programme in support of public access to information, University of

e
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T |The long period of expo-
gure Lo fleld conglitions
Sizet 15x6 s well &8 the unsultable
9| 29/9/55 |84 [in partisl 23.3 0.0 40 0.2 g, e = o % o L g . o 0uls 020 i 2 uf-i,,g)u;./‘hkrl le ».'»J:.il‘c.luxm,d
shade . s -k i wWhwsls cung was placed In
tie veld in the winter
| probstly accounted for
the wliost nuo,eitive Fee
‘ BullBe
|
‘ a A, bectles had Leen L0e
e Slze: 17x12x7 | . . ; do, U=z ; ol 4 il
10| 3/10/55 |16 in deep shade. 27.6 8.6 29 Ools E, - - - - #] - -~ - o 250 f_,: ao. a0 7 t,).v:‘.i Hl.‘..%,&]»x_ of very
7 littie reln lerves were
PEoOVER Gn Lhe rass.
87 slzes 18x2-5 2L = " . = 3 i . 1 40 O-2 '«
11 | 4/19/55 | 7 Lxposed to sun. 26.2 B 19.5 Vel e » + - - % - - L £=50 2 d0e a0, [ AB Ap Bo. 10.
e
Slzes Z8x2630 <. e + & o 71 ihe vurber Of 1arveag roe
12 | 6/16/55 |49 |In partial 25.5 4.8 335 Ol . + - - - 3 = “@ 0 [Ihd0: gus " et covered lv the dung pad
shade . 72 o GO Ll 7e Lot very slgnifie
bt Glze: 12x6 6. * - =» - & @0, O3
13 |W/10/85 | 7 |In pertial 27.5 6.9 33.5 Jekt De 728 174 113 - 371 - - 38 UmEU o 10 426 bieE, ;
shiside » jﬁﬁ 38 santed for the
915 9 of lorvse in the
a A " | rRoeillent rocovery of lare
s o ¢ Glees LUxlexd pe p- e .' ‘ ‘ i 5 } voe frow the wnG
14 1yl“‘,55 0 Lxposed t sun. 27.7 8.4 34 Mot Ve Gl e &) - Q.._géu - - 4 | 0. U= w a0 s 0. LELE @i retion ocourre in
: hﬁiﬁ i | gpite of tho 4.0 gme. of
& 100s less than 0.,00L- ruln.
I
siges 17x10xk e * » - - 17 \,j.LL“ Lto t\v:;‘ww
15 | W16/55 |37 [in partial 27.6 7.9 29.5 1G.4 w B3k U.55 16.56 = 3,000 ~ w oo do. do. 16 10+ do. 3038 Ihe nuBbEes ot g :;,'35':'],.‘3
uhade. J‘.ﬂ‘_z ___,i o % 3 g VEE roocvereq OO
992/ X Q04 J o 5y s not very
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/ i
b
I« ] .
Lo = i
- .
|
1‘\1203#9:0% ‘ The long perlod of expo=-
16 17710755 |gu [mEmSu . £3.9 3.3 10.4 Le - - - - 9 - - - " G [C~10 Ges + & G-10 + - - 1 |0=10 : » sure probably accounted
in pertial 39 33 N & Be = - - ~ 0 Ene & 2} : i s “ | for the practlesily nege-
BRaGe. 1 tive resuits.
ihe dung wae well protecte
ed sgainst the sunj it's
sues was Talrly large and
& all the raln recorded
ity i Ce Olap - - 13500 do Sk - 5 2 - < 06914 T€11 on the first five
17 |20/20/55 | 9 |Bizes lémiéxy | , SU.Dy 955 2.5% 1.55 0.54 135000 | .- sl AR G . e ) | ?|296908 uys the cung wes in the
in deep shede | 27.2 10.3 iy 10 o T 935 Sa 15 18 GUH00 A veld. ibls probably soe
LGPV 5 i countad for ths ient
x 1UUE less taan 0.001% recavery of larvae
the dunyg pad.
Ltung beeties hed reugved
sowe of the to the
soli. ibie wey heve ace
" 18210%6 40, G=5 ¢ - counted for the presencs
Size: 18x10x &, @ - = 5 50 + o P BBl + " - 13073 of larvee in the soll
e Srs B L p . - - Hebl - do - - - J GO it S97 D arvee Lhe .
18 (25/10/ 5% 7 |In partial 27.3 7.6 37 T3 L 7354 &3 235 - 13,000 ~& & b if this were the cese the
shade. 3,050 0,001 00075 iow reinfull probably as-
2 100A siated ol retion to the
gress.
Slze: Z2Ux19x7?
Lay in the he mentliomiin the fourth
kraal on Sou= eolusn of the teble water
thern side of #pecies not was @llowed to drip pext
e drinking wowh | : ! €. 914 3% 6 - 2,32 igentifieé 1,450 to the dung pad for e
19 [27/10/55 in pertlal 27.5 9.4 38 6.3 Uele 985 25 34 = 10,000 last &8 hours before the
shade. water Lels 905 25 o - Ao B850 gpecinens were ocollected.
was allowed to 395 1450 (-1 8 14500 | The soll uncer, and the
dris rfext to L 90k & 105 Jower surface of tuw dung
dury, for L8 * 0,0085 pad, were very molst whlch
hours before kay bave agcounted lor
coliection of i downward migration.
specluens.
ts in Eg. i3, dung beew
s 20t Bl UmE - les had removed small
» ige: 28x18x2 Be 788 -~ 22 - 300 755 1 265 - 1290 Cutl 3 o - - { Dwll - 5 bieces of wsnure to the
20 | 5/11/55 |A1 (In partisl 27.9 9.5 L 20.9 300 £ 200 i g 5 150% sderlying soll =nd this
shade. 2. 205 2 B80S Va3 ossibly accountes for
he large pusnbers of
Larvae there,

Iniversity of Pretoria

SUel-e ~ Upper layer of the depth of the cung.
Lisbie = Lower layer of the depth of the dung.
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A8 An Ho. 16, the long
2 3 Size: 23x21x3 |. ! = s C. - - - - U period in the veld proe
55 i 3 : . ’ sl
21 6/11/55 | b In deep whade. 3.5 7.5 36 3143 D. o g2 i i o B 1| v=is = - - - 0 1l |bebly accounted for the
4 practlcally ne ative
| resulbs.
j 2 slithough 14 wm. of the
a 2 = - Size: 15x14x5 b L b = g 5,3\ totel of 31.1 uws. of rain
22| 6/11/55 4o In deep shade. 27.4 G5 38.5 3l.1 A=A 20 7 30 3 S Q0. 8 0. - - - - 5] 333 fell in the last 24 hours
-{-_33- 5] before speclucns were
e ¢olilected, thls weas ine
sufficlent to cause
#lgration.
Slze: 13x14x9 e, 90k & [ 1) &30 5 Pad " LERa o
23| 6/11/55 |24 In pertisl  |27.3 10.8 4 16,9 | L. 904 45 55 1x §250 . B o g | B ity S e
S - 2 do. 23 | cler HBUS
shade. 5 '(2‘3"%‘:‘ W L larved wlaration of
=S any nobe.
Lung bsetles sttacked
the dun G L0 such an
Bize: 18x16x6 oM
S e 4 3 ; o S n 2 extent that ouly & tain
24)21/11/55 | 16 in pertisl 20.8 132551 0 s P e o s o - T AR o R o ,.,m_;_,‘me:,"m obably
oot accounting for the poor
rocovery of larvae.
5ize: 12x8x6 ¢ - - - - o &o = " N ac e al
bl 4 ao - - - - ) ¥ HE 1ln Ho. 2%,
25|23/14/5% 9 ln deep shade.|30.1 1l.4 32 9.5 L. o 2 2 i 0 " . i
% Size: 11x1UxS G, - - - - 0 Vmll Umlu = 2
26|23/11/55 9 In deep shade [30.1 1l.4 32 9.5 b, v A - - 3 0 J0-20 = . Gals OelsS o e e o 1 A& bm Bow. 2% i3 25.
: S e 25
il Slze: ZUX2Ux5 U=15 O=5 1 Ad in Kos. 24 to 18,
27125/11/55 7 In partial 27.6 15.2 54,5 16.3 Lo 7% W76 L6H - 112 e 5«60 esicall J=i5 ¢ Umif - I R 143 lalthough more larvae
shade, 79 PR s R wers recovered.
U705 Z.85
o Digitised by the Open Scholarship Programme in support of public access to information, University éf:Pretoria, 2017
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Size: zlx2lxk ; i s Uels C=8 = +
28| 29/11/55| 7 in partisl 27.6 15. 54,5 16.3 £ 245 38Bh 37k 15 1le 165 366 b2k 65
shade. L

2 [G-15 + - - 1 1g.15 # - * , 2 257
? — hg in No. 27,
— ;

n

P~
&
un
I [

This wee the first experis
went in whleh any miirae
tion of mote had taken

U=10 U=5 455 4Zs A28 | 0e10 & + * —di |0s10 138 204 68 -~ _gGe2 plece 1o the grass
1% ”

g, 225 62% 145 2p 50 | 288 4B% 285 - 4

A
@
.

n

29| 13/12/55 |10 Size: 1Ux10x4 [27.9 14.2 46

L2z 122) |the total of 38 me Of
In deep shade. 295 9 =

19 - 3 51h raln regorded, 32 mw. fell
in the first 48 noure and
only 6.5 mm, the lagt 24
nouwrs belore coliection.

Under the influence of
g904 ralns, most of the
larvee had migrated from
S ) the - Gung . ine long pe-
59 182 riod in the veld posslbly

275 ageosunted for the rela-
tively poor recoveries of
larvee., bung beetles
had also been actlive,

Size: Sxbxb K + - + - 8 + * * + U=ll U=l + *
In partisl 27.4 14,1 54 1Z7.7 . 1 G

shade. 8/ l“ﬁ

\Lb;:

b

Wl ~ # w ¢ —tt Dl “ + ¥
el
‘&1 ¢ 1 3"{1

30| 19/12/58

L)
i
k

Dung beetles had been ace
tive end probably sccounte
€d for the poor recoverles
of larvae, 411 the ler-
vae had wlgrated frow the
dubg, due to good raine.

size: luxSxb : ) ) 2
67 Lxposed to 28.2 12.3 H43.5 164.1 E, - - - - 0 * - - - 12 | U=1% U=10 + -
sun,

wn
in

19/12/

W
e

w
N
~

iz |0-15 = - - U lo-15 + - ¢ =

1

vug Co the long period of

exposure most of the lare

vae had probably dled.
Although Cooperia sSppe

s wele the only larvae

—b [U-10 - " = — |Gal0 \ 2 - - - e 17 re¢overed on the yrass,

0=10 =5 * =

slze: 10x8xb (a8 2 16,9 39.5 168.5 | k. . oF gk 2 41 + T 2 §<2G + ¢ 9%

z i
32| 19/12/55193 1 geep shade.

w

v ot 4 poth i, piagel ancé U,
raddatus larvase were
present in the dung pad.
Lung beetles had also
begn active,

i
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Host of the migrstion weas
Lo the g0ll underneath
the dung ped, in splte of
: the fact that 1%.1 am,. of
Ui # + v 56 | Uil * * ¥ e redn fell on the dung over

56 . Jés 2 period of 10 deys be-

145 16 fore gollsction of ape=
Sluena. vuang beetles
Nad alss been active.

Sige: 1Ox10xk 0=20 Jwl + -
33| 5/1/56 |19 |Exposed to 24.3 1h.2 49 51.5 E. + + + - 125 24 64p - 162 16 + -

sun. 2
b25%

f

ok

Unly & ma. of rein fell

during the first 26 nours
of exposure to fleld con=
28 4 ditlona, and the Lelerce
Vel$ - - - B Vel - - - - v v in the last 24
ine hlgh teu
dry conditlor

Sizes 12x12x5
34| 13/1/56 | 8 |¥n deep shade [31.6 16.C 45 13.5 E, - - - - o - - - - 0 |0<15 04 - -

40 aplite of stvenpts to
protect wuny peads froa
beetice, by placing in
il | 232 the eourteyoerd for lhe
S firet four deys, belore
b trapaferring to the veld,
the aun; 0 WES eXxtelie
sively demaged by beetlies,

Size: 15xi4x5.5 0«15 Q=5 + *
35| 19/1/56 |26 | In partlal 31.4 16,5 45,5 s2.1 £, “ * - - + - * - Lo 550 + 4
ghade. 59

R + # -

e ¥ ¥ - ~

FF

l‘g
ey
A¥L
&

host of the raln (28,1 wwd)
— fell the firet four duys
36| 31/1/56 | 18 | In deep shade.[31.8 16.0 45.5 30.8 | ®. 635 - 355 2§ 200 + - - - BEbisvad Saveiopment of

£ 00)

...Ld&.._ -
99,974 Q.13+

o
(&
i
ot
A¥
i
'
]

G=lb - o w Yo lu=ls - - - ~ - - asglated developuwent of
%) W 45082 the iarvee to the fufege
tive stage, Lul tne bdae
dance of L.7 am, was Lloe
sufficlent for wi ration.

i not dry conaltions
whian duny first placed
Ul - - - Q o1 - - - - Q 6 8 the vei re unfa=
vourabie for larvel
evelopuent.

Size: 21x18xé [+ 18 - - - - o :
37| 6/2/56 | 18 | In deep shade |32.8 17.4 32.5 5.7 U, * - - - ‘%‘ - - - - ¥ | 9=15 O=§ s %

#ince dung psds wers attacked by dung beetles
most of the dung pads from Ke. 3% onwards were
placed in the open court-yerd of the laboratory.

for about 4 days before being placed in the veld,
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¢ I®RD
i o GF
¢ o A0 e & : :
£ Gt B w O ® o 4
3 £2 0 B S B
g » BEs tff. o a o Eg ;
3 . o 3 : OO Iy P~
: o O & g o8 @ a . L
: e A f o 8 [ [ @ Ha
. o i 3 g ¢ B 3 of B 3 ¥
. ot x| o T -
H = Sk 3 4 thed L =
s > Lol T Dot wdoed O U8,
(23 om @ vl ¢ o o o
i ] o WMo Of wm oEd ¢
BT ; Host of the larvee in the
Slze: 1l4x12x7 < Shi 2k 4bE - 5,625 ' ’ -
3 B » b dung were recovered
38| 16/2/56 | 18|ixposed to 3.8 165 b7 58.3 Uslb 750 65 196 - 12,500 s U5 Owf = - in ;hﬁuﬁpper la;:r' g:}tne
Bun. Lebe S53F 6 B35 - _6,250 | 60 2% 38 - _882 5250 = - 015 + - + £.]0e35 - - + - 3_125,267 |depth. The last 24 hours
g 3.‘.?.33.7.5. 882 : Z 3 before collection of speci-
X 96.54 3554 less than U,00Ls less than U.ools wens, 19 mw. of relm fell
wnich only stluulated mle
gration to the sull bensath
the dung, of any note.
; C. Lop W8 Wi & 11z Oels Ues hs in No. 3 einfall
: : p - : 3 : ; - - - - « 38, the rainfall
‘ 4 Slze: 18x18x7 De  W6E L9F 15 BE _650 324 634 13 4k _s2s 5=30 = - U=l$ - + - Llo=15 ¥ & - L9 _ only stizulated alyration
39| 18/2/5 18] In partial 318 17.2 s 19.0 zg 52; 69 | 1,357 %0 the soll beneatn the
shade. > 3 397% * 0074 34 duny ped, of any note.
ihe lszst 24 hours before
3 e : - ’ v specliuens were collected,
Slzes20x22x15 Co 445 8564 - 2,012 U=ls U=1U0 + + 5 i 27.5 w { ;
4 . : - vl - P - - Qwlb v + - 53 | G=ls # + - - 63 27.5 smw. of rain fell,
bo| 23/2/56 | 23] In partisl 30.9 16.7 48.5 51.0 Do 41E 56.55 - 2.5020,000 | 986 68BF - - 24300 H15-30 do. + * '5-3§ + + - L hsa3e » - - 26 This sm:x.-ulwt&ej sigretion
shade. w‘_ £5500 5724 89 of larvee but most of the
814 175 & Ul X 0,64 14,822 [larvae that wlgrsted were
recovered from the soll
under the dung ped.
Un the Ziénc and 23ré of
februsry, two dsys bee
2 Umls Uell # * fore the collectlon of
Size: 18x18x5 d0.10=50 + - Gels - - = specimens 61.9 ng
b1| 25/2/56 | 2Blin deep shade.|29.6 13.2 50.0 84.5 1550 o-ga . - ;l..l_) : - + - .1». :s‘?:‘i}:iiudi?,of
E., + - * - 39 + - - ~ A0 |50=55 G50 + ¥ D=l * + - L 5UeES - - - - g borlzontal sligr
}g{ AY s 3 134 [took place and more
29, 85 34 &~ iarvas were recovered
on grass than elsewhere.

ooo/ -135‘
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in asddition to the raln
mentioned in No. &1, ano-
ther 55.8 mme of rsalo fell
the nlght before speclmens
were collected, dgsalve
B vertical and norlzontal
*(1) 395 55% 5k 5 360 wigration scourred. il
ma(2) &OF 576 34 103 though sost of the migra-
A [3u=33 * - - tion on to grass ook place
Gel5 225 7772 A 232.0150=83 + + - - within 15 cm. of the edje

! 7,325 |of the dung, lervee were
recovered wore than 5V cu.
aWay « The dlameter of
the ilufested ares include
ing the dung ped's dlase-
tér wes 126 om. (2x5) plus
20 eme) or 4'15°.

Hlzes 21x20x8
kel 26/2/56 | B | In partial 25.8 15.9 61.5 116.8 Gel5 UelS 178

shade. C. 205 68F ui 8y 260 15«30 do. 284
Usle 30& $85 42 8% 150 , 3U=50 do. 424
LeDe # @ - - 25 304 40F 208 108 _J25 [50-53 do. 388

bl

there was no grass within
15 om. of the edge of the
dung ped and very little
migration to the grass
furither sway ocourred.
fiost of the rein (55.8 wa.l)
fell in the flrst 24 hours
|5=53 end only & little reln
pS=iU = - - G lou=63 —n {13+ mm.) fell the last
) L5, | &,588|three days bLefore speclis
35 wens were collected. ihe
Gistrivution of raln proe
bably aceounted for the fct
that post of the larvae
wlgrated o the soll.

Ueif
Lm0
JU=33

Size: 18x18x&
43|  ?/3/56 | 11| kxposed to 28.6 135.3 63 66.9 :
the sun. e s 4 - + 93 15«30 U=ls + +
De  W45E 533 - 2% ﬁ bep S3% 23 35 1,200 |30-50 do. -

(I I O A
P &8 ¢+
t V2 =
Tt

“oRR

The isst 42 hours belfore
specliuens were collected
28,7 ume of rain fell,
90 Harked norigontal and
i 1 & verticel migration oocure
2 red although not to the
v seame extent as in No. 4,
A - ihe Infested sres include
?;1. P 1,276] ing the dung pad's disze-
X 2p 3 10 ter was 144 om, (2263
plus 18 om.) or 4'9",

10=15 U-&40 235 774
15-30 G=5 224 7685
dac 5-““
Sige: 18x18x5 FU=5G U=g
bl 12/3/56 | 1z|Exposed to 29.5 15.7 &0 b b : d0. 5=i0
the sun. Ce 554 20F 104 15%F 100 - - * - 14 |30e6U GeiD
Lo LG8 325 205 b4 bsy E0wb3 U=kl
: L
i3 + 2

(R
& %+ & &
181 4=
IO A

2

(=

¥

Aok

W
11 & 9 %
£V +a W

%(1) - 501l adhering to roots.
“8{2) = Loose soll.

see / ‘136-
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'
~ M oA K S,
3 g
velS V=5 395 594
Go. 5«30 8@ 605
153’3%,& u-& : 2 &
GQ. 5"39 + *
simes 22xASNS Jinhl el « - Sleilar gﬁmmrka as nude
Siz 21 G0, Swil » - in Nos. 42 and 44 apply
hﬁ 1'};3/55 23 in {mrtieﬁl 2305 15.} 65 ’96.6 ﬁ;}-éu iog - - el L * b - - 2 ic t?;l;g CLBE i il
ghade., i 40 . ﬁms:}m? - - 3\\:&}3 e~ 4 - - i
édm‘?u Em&. - - f}?}nfpﬁ L 3 ¥ - - :3
B 3 4 - - _&. + L 2 s s Z‘% ?dn?‘a ,rujx.é - k4 u}uif‘, - k3 - __:1'_ 7“‘.?3 - -~ - - *&'
i A% , Z, |
o 25 £ 737 LW
About halfl the reim (25,5
e ) recorded fell in the
last 25 hours, Although
meat of the larvee redalne
: e@d in the dung ped & few
Umls Uezl 494 505 e UelS 438 S84 27 = 119 larvae were found more
15«30 do. + * 1 15«70 * - - - 4 then 80 eu. from the edye
s JU=33 do. w33 + - - - 2 of the dung ped, in the
g ‘%‘13%; 15x16x4 SUe83 do. At - - e - i} 80i1 and on the F g RO
b6| 25/3/56 | 9 |in partial 27.1 1585 75.5 515 6U=63 do. Bu=t3 * * - - 2 ine dlapeter of the ine
shede. Ce * ¢ LTINS e * ¢ - 6u [7U«73 do. i Fu=73 * - - - 1 fested ares inocluding the
be 623 220 13F 3¢ 2182 — |EU=B3  dO. U=ls = - - il [BUB3 # - - SRR dung pad's dlemeter was
“”‘ 4 _&_ ¢ m i%,?’ﬂ“ 178 cu. (Z2x80 plus 1S Qi o )
85 &p [¥ or 5'10*, Gince only
etrips of gress and soll
vere exagined beyond 33 ok
wore larvae gisy haeve Leen
present here Laan were
; aetually recovered.
Vel Ueid 411 the reln epart from
G0 e Limiiis Vel mm,. fell in the first
EUmZE Uwll five days dung was In the
GOe Limui veld. A8 can be seen in
: Blwil UelU the table the rain wes
! ~ |Slze: 16x13x5 : 4o, 10«40 Vel # b - - 8 perticulariy heavy end
47| @/4/56 (10 |ixposed to 24,2 lh.4 81,0 108.8 HUebs Cell RUe2s » - - - 0 encush molsture was
the sun. ' : » ; : 0. lU=iiu L - - - - 3 present Lo allow some
Co 0% 615 25 75 725 | 225 923 GUwlly Cwmli GlielS - - - - U lerval milgration, nost
be 37 §57- & Gh 2580 doe Luehi e * + - Blwis - - - -~ ok of which ocourred sithin

P

b

"

W o LB

8,692

i¢ gme of the edpe of
the dung ped.
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Wotwithstanding the pre-

S LR €r 572 J78 - 6p 625 sence of heavy dews no
e ot Slge: 30x29%9 | B Uslw 6U% 385 35 35 13750 GmZ0 Uwll g horizontal migration took
L2 9 &/ 56 9 |in deep shade (26,7 14,3 52 3 welle 708 285 25 - _ZS0U B8 |ao. 1uese - - | O=20 - - - B | ve2i - - - - <8 place and most of the
48878 A - 3 U | 16,923 lervee resained in the
G P U dung pud.
411 the reln recorded fell
before the 30th of March.
i ) #lthough no reln fell the
(o . “ize: 17xlézb | : U=20 Qwll + i3 izst 17 days belore wole
49| 16/4/56 |41 |izposed to the [26.6 14,1 71 172.0 fe - B + - 61 8 40, J0=20 + + 10 lection of specimens, &
aurn., prowita] — |G0. RU=ES b O-20 ¢ - wdo | Gm20 o+ - - - il few larvae were recovered
e .| i s ——— i 110 | on the grass zore than
5545 b7 230 275 1.75 20 cm. above the soll,
tiowever 504 of the larvae
on the graegs were on the
lower 1lU cm.
Hore rain fell durlin, the
_ i period of this experiaent,
il L |edees 1“*‘“%‘5 ST Sl x X UwiU Gl - 2 than in any other experli-
50| 23/64/56 |83 |In deep shade. |€7.2 14,3 62 315.9 e - - - - ") o 0. lUei$ - . | Ge2E B & - 1 Qe -+ P, - - i wWente fiowever the long
& 1 1 é poriod of exposure to
fleld condltions, pro-
bably accounted for the
poor lervel recoveries.
Slegst luxiozls e * " - - : drier cooler concitlons
51 9/ 5/56 |12 |in partisl 254 6.6 LG 5 B 2 - - - ___l. o Jedis Uwli ¥ ot e Dmi G - - - | U=2E - - - - . possibly &ccounted for
shade . 10 ] 1 7] i iz the poor developuent of
larvae.
e~ g The fact that the cung
| aararet |os (TR0 AIRIIERC - f ) Ve - - - - Q ! was in the snsce and the
52| 28/5/56 |24 |in deep shade, |[8l.3 35 56.5 Fe3 e + - - - L ey . Vels Jef - ks, J=lt - - - U] U=l5 - - - - o colder condltions, pos=
i ) v U [} i sibly retarded larvel

dgevelopuent tO the Anfecs
tive stuge.
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Ulzes 13x1zx8 C. 835 1bg 34 - 600
53| 28/5/%6 |17 |Exposed to Z0.4 .4 58 Lo Lo 724 133 7i 8s 2250 - 1 Ouls UnS§ o
the sun. 360 b 3
& I00E 90,0035
. /6/88 Sige: 18x13x7 - €. W + - - 4
g 137678 28 |Exposed to 18.1 2.2 59 4,0 b, + * - - 8 - D |Vels Ge -
the sun. 15 [7) 45 Cof
vired Size: 15xllzlu e * - * - &
88| 1/ 6/5 3 | in partisl 22485 b.&E 58,5 9old D v - - - 2 - O | 0sd5 Ou2s -
shade. ; g | 7] R
&/6/56 sizes 20x15x8 -8 - - - - o
£6| 26 5 32 | in partial 19.5 Vel 57 ¥ i + - - - é - ( Oalt Ow =
shade. X 8 ""“.; o i
Sized i8xidxb C. - - - - o
871 18/7/56 104 | In deep shade.| 22,5 3.8 47 Pole b, - - - - ) - 7 0wl 0wZ§ =
] ?
6x1% ry
Size: 16x14x12 & S 55 8346 - 1,375
68| ?/8/%6 0S5 | Exposed to 21.4 1.9 50 Poli U, .
the sun, Lels # * * - 5 - & Gwld Uwll =
d.380
9‘9 . 5-“’ 0 .2 ea"

Jniversity of Pretoria

« A 0l5 - = = = 9 |33

0. 0035

in contradistinetion to
Ko, 52, lerge nuabers of
larvae were recovered.
ihis was possibly due vO
the exposure of the dung
pad to the sun whe Véaiie
peratures were hlgner
than in tue shade.

- g Umlb + - - - 2

in splte of exposure to
sunlight stevspheric teme
peratures were too lowm,
to allow any apprecliable
developoent to the infecw
tive stege.

- 9 e * - - - Z

ihe lomg period of expoe
sure to fleld conditlions
may have account
poor larval reco

a8 in No. 52,

- 8 Vel 12 + - -

Pung beetles had been ac-
tive whlch nay have ace
gounted for the presence

of larvase in the =01l and
on the rootes of prass.

Hote the long perlod of
exposure to field condltiom.

- 9 _|osa0 + - - -
1366

ihis was the longest perlod
of exposure to fleld condle
tions and a falrly large
nuzber of larvae were ree-
covered, wost of thes belng
confined Lo the duny pad.
ihe dung pad was very thick
in the centre and posslibly
this asslsted iln keeping
the upger layer of the
depth solst.
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TABLE %0, V. = FIVE GPUUPS OF O\LVES U%D IN

eermm————m——— R R e ..
T : T Date of birth: t
- ! No, of: and introdno.: Hethod ocalves were H
: OPOUD.; gulf.t  tion into vosred fyom bDirth. t
1 $o 7 and 20888
$ : BeYY : 28/3/88 ! to the infested Xrasl frem !
3 1 8244 : 8/7/86 !9 am % 7 c.m. FProm 7 p.it!
t 3. 18248 t 12/7/68 1 ¢ 2 p.m. confined to s ad-
t t 3040 ¢ 30/3/88 ! jacent oalf pen with a groumd
i iopso.: 3/9/88 1 Qiegr agrered AR mnsree !
t m : (3 H . 5 & § m 3 :
3 1 ao38 ¢t 28/S s eonerete floor which was
2 i a238 t o7/3/%6 ! cleansd twvioce dally. Sackled!
I o, lgpep t 1/8/38 3 on Aams a8 ¥ e.®m. 208 2 p.m.}3
§ t go47 3 13/7/%6 ! Dums confined to the iafest.t
$ 1 apes t M/9/86 ! o4 kraal from 7 a.m. %o 2n.t
Grased in the infestsd pad-
; ;o2 1 oco/a/e : dook and suckled on dame :
i 3. e | 0/7/88 ¢ Dame prassd elsevhere. Onoe g
: 2248 . 8/3/88 ¢ & week calves wvere aerded ing
: ; 3281 . 16/9/88 ; to the orash next %3 the
i g 5282 ; 19/9/66 ; xrea) for faceal_solleoMonsy
: % t ! twnFined 55 the infested
: ¢t 8230 1 21/3/v8 } krasl wito aoesd $0 the salf
: 4. § géwg : g‘ﬁg% : gntm 2 Dale o Y 2.7, ‘ :
Saakled oa damo An the in.
: ! 8234 : 26/3/68 : Peoted Xrasl et any time froi
W .
' 19238 ¢ 14/4/88 ! Srased In the infesied pad- |
i 3 g230 P 2s/4/08 ! ook from € p.m. %0 ¥ a.m.
¥ 5, toodd t og/s/BE ? amd sookled on dams in the *}
H t 6242 1 20/5/88 : infected krasl at any time
] 1 8243 ‘/‘M t fyom 7 gunn. %0 8 Den, H

M
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TMLE Q. VI - ;:552‘!!‘:” OneUP. OF ZALW"Z“ 1§ DAY Iﬂ

e BAEEERTENT Ds

1 : : "1 Dabe of t - T ¢
3 ! No, of ¢! Dats of ‘introfuc-ism Hethod of cal?f !
1 Group;  o.3e, ¢ Brrth. ftion inte! rearing from birth, !}
S 1 L e | 1y ;
3 $ a1 ] t 1S 1 )

H H 14 1 6%/56 1 13/31/88% A= tn group ), T 3
t Yo 3 36 :7/1/86 : 13/21/66:  periment . ¢
$ : 21 3110/1)1/%8 : 13/)1/86: t
] 3 1 118711726 t 1311/862 H
WMMM
: : 0 ) 4/13./66 : mﬁmg a
s 1 t $ 3 )

$ 3 12 & 8/11/86 3 13/31/58% Ac in group 2, T @
t 2. 3 s : 9/11/5%8 3 13/%1/n6: periment C 3
3 : e8  :32/13/88 @ 13/11/86: :
: 3 92 12843/56 1 °8/31/861 3
WMM
Y1 U8 3 7/11/56 1 L3/0/o8: ;
: : 38 :1401/56 1 MAY/B8: Ac n croup B, Vme 3
1 B 3 81 1)13/11/86 3 13/21/88;5 nerimens C, 3
g ! B2 114/11/88 ;1 14/01/56; 3
1 3 M 123/A1/66 1 21/11/88; 3
) 3 1 3 t $
'Y " 2 311/11/88 ; 13/11/88; _ 3
$ $ 26 :10/31/88 : 13/11/88: As in pgronp 4, Eae 8
s 4. 3 50 $p0/A1/86 ¢ 20/11/88;  perimeny G :
t s ) BT | 88 3 21/11/86; 3
t t W 201/n0 ¢ 29/11/88: :
.. 6 Im/19/se ' 13/1)1/v68 | 3
: 3 17 ¢ aﬁ:/u $ 13/31/56% As &n group §, Ex~ 3
$os. 3 2y ma/a/me i peririent C. 4
: $ 8 ‘20/31/88 : ~cAAl/pe! s
$ ! 87 22/31/c8 : ""‘/11/‘3!!: :
! % - e YanaTeaTed on 0ONOTess |
3 118 1 7/11/86 1 13/11/563f1lccre that were alean-®
: 3 10 1 9/11/86 ! 1%/11/88%ed twioce dally ‘A th wabeb
1 8 3 20  9/11/38 3 1321/n6tand brooma.Dqosrne in ¢
3 ¢ es  11121/86 ! 1%/11/88ic%archicns wae alce faodl
i : 3 11%/11/56 3 11/11/¢eito the onlver.Thic was
: : 3 3 Ia oontrol proup and slwl
: : t s twilsr to Oroup €. Eve §
3 t : 3 :_reriast Ea :
) ] Y t ;Mlln{; oalves ke m:
s 3 & ;zﬁﬁ;‘:/ﬂeg : méﬁ};;:ggﬂlmt!”‘. floore vhieh :
P9, ! 310 1Ae/ee 8 11A0/88 %Iy cleaned twice dall:
: P31 as/io/ee | 15/Ao/sainith otihe Shiver m:i.c)-:
: : 124 :13/12/!!6 : L"'l?/miid nt 7 r.w. m 4 DeMas
1 $ $ sthe dam: udders were
] : % 3 sorached., Thie wad pleo oy
Fs 3 3 t t otrel prop, 1

® HQIE - Grlves hom nrior to 13/11/88 wure nlaved on ocnorete
fleors and tham plased in groups. Calves bormn afger
13/11/66 wvere nlaced into grounn 2% birth,
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