TER _CATTLE TI1OK

(Boophilus annulatus Say)

Studies of the Effect on the Dairy Cow in Trinidad, British West Indies

by

S. Hunter, B. Sc., (Agric.) Edin.

Dissertation submitted in part requirement for the Associateship of the

Imperial College of Tropicel Agriculture.

June 1945,




g =

CONTENTS.

Part I.
1, GENERAL INTRODUCTION
2, REVIEW OF LITERATURE
3, OBJECTS OF EXPERIMENT
4, SOURCES CF INFESTATION OF TICKS
(a) Pasture
(b) Close Proximity to Infested Animels
(e) Udder Cloths
Se LIFE-CYCLE OF TICK -~ BOOPHILUS ANNULATUS SAY
6. LOCI OF ATTACHMENT ON BODY OF INFESTED ANIMALS
7. SPRAYING OF EXPERIMENTAL ANIMALS

8. A. FACTORS TO BE CONSIDERED IN PLANNING AND CARRYING OUT

9

THE EXPERIMENTS

(1) Site of Experiment

(11) Selection of Experimental Animals
(11i) Length of Triel Period

(iv) Housing and Feeding of Experimental Animels
B. DESCRIPTION OF TRIALS

(1) Plan of Experiment

(11) Records Taken

(i1i) Daily Routine
C. RESULTS OF EXPERIMENTS

(a) Fever caused by Ticks

(b) Effect of Ticks on Milk Production

D. DISCUSSION OF RESULTS

EFFECT OF SPRAYING IN AN ARSENICAL SOLUTION UPON THE
YIELD OF MILK

10,

10

10

10

11l

12

15

18

18

18

20

23

25

25

26

27
28

28

32

35

37

GENERAL



10, GENERAL OBSERVATIONS ON EXPERIMENTAL ANIMALS
11, SUMMARY AND CONCLUSIONS
Part II.
HAEMATOLOGICAL STUDIES OF EXPERIMENTAL ANIMALS
1. INTRODUCTION
2. REVIEW OF LITERATURE
3. OBJECTS OF EXPERIMENTS
4. TECHNIQJE OF BLOOD SAMPLING
5. APPARATUS AND METHODS USED IN BLOOD ANALYSIS
€. BLOOD PRESERVATION AND ANTICOAGULANTS
7. RESULTS OBTAﬁTED
8. DISCUSSICON OF RESULTS
9. SUMMARY AND CONCLUSIONS
10, RECOMMENDATIONS ;
1l. ACKNOWLEDGEMENTS
12, BIBLIOGRAPHY
13. APPENDICES I

IX
III

44

45

S0

50

51

55

60
62
63
64

67

69
72




1. General Introduction.,

The effects of parasites on the feed requirements, growth

and development of animals hes become 2 highly importent study, espec-
ially in areas where the animals are raised in large numbers and where
conditions are otherwise favourable for infestation., Parasites are
known to produce diverse symptoms and lesions 1nvq1ving not only digest-
ion, but the respiretory, muscular, glandular and other systems as well."
In the delicate mechanism of the animal body, parasites are like sand

in machinery. They produce irritation by their presence and also by
their secretions and excretioné. Animals, heavily perassitised, fail

to make normal growth even with liberal feeding and their weakened con=-

dition invites the onset of other diseases of bacterial origin.

For many years, the presence of the common cattle tick,

zoologieally known &s Boophilus annulatus Seay, in Trinided has been a

serious impediment to the development of the dairying industry in the
island. Not only are infestations of this tick responsible for heavy

losses in dairy animals, but it is elso the vector in transmitting tick

fever of cattle. On account of the enormous losses occasioned in

this connection, this ecto-parasite has presented an obstacle to the

introduction of better breeds of non-immune stock from tick-free areas,

hence the improvement of netive stock, add in particuler, dairy animals,

has been greatly impeded.

Hl}’\‘

o Smith and Kilbourne (1) in 1893 showed the protozoan Babesia

(Piroplesma) bigemina to be the causative orgenism of splenic or tick-
fever, also variably known as Redwater, Texas cattle fever ete, While
inhebiting the blood of diseased animels, ;nis protozoen paresite is

intracorpuscular, Due to the raveges of the tick in the Southern
United States, the famous eradication campaign of 1906 was begun and

todey
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today the parasite is well under control.
This species of tick hes e wide distribution. Seunders (2)
demonstreted its occurrence on cattle in the West Indies where the pre-
vailing climetic conditions ere optimum for its development. It also

occurs in North, South end Centrel Americe, in eddition to some parts

of Mexico where it is reported as & serious pest (3). In the Southern
United States it became well established prior to the tick eredication
campaign of 1906 and today only the extreme Southern parts of Texes and
Floride are affected to any greet extent. In addition to the afore=~
mentioned countries, this species of tick is= also reported from the
East Indies, Asie end Australia (4). According to Stewaert et _al.(6)
1917, it is considered probable thet this tick was introduced into

Americe by cattle imported by the Spenierds during the early colonization

of Mexico., These writers also state, from the evidence aveilesble, that

the importation of Asistic (Brehma) cattle from Batavie in 1872 wes, in

all probability, the true cause of the presence of this par&site in

Australia,
While the common cattle tick may reach maturity on all equines,

and possibly on sheep end goats (3), it is nevertheless almost an exclu=
sive paresite of cattle. All ticks ere the mature products of the eggs
laid by the adult femele ticks. The male tick rarely or never sucks
blood while the female requires approximetely 18 days on the host to
reech maturity. This species of tick is a continuous feeder, that is,
8ll the developmentel stages in reaching meturity are effected on the
host and once attached, the parasite never leaves the host agein until
iq is mature. A fully engorged end meture female tick, after dropping
from the host, completes ovipositicn in approximetely a week. Messes

of eggs are leid which require @bout 21 days to hatch and after a

fur th ep
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further day or two the resulting seed-=ticks crawl to the extremities
of grass bledes and ewait a passing hostes Once attached, maturity
is reached in from 18 to 21 days.

During the feeding periocd of the tick on the host a certain

amount of blecod is extracted. Not only does the extraction of blood

cause injury, but slso the irritation experienced by the host, un-
doubtedly hes its effects on the bodily condition end health of the
enimel, Cattle with only a slight degree of tick infrestation do not
appear to suffer any ill effects, but a moderate to-heavy infestation

will, in all probability, have detrimental effects on the host and with
these points in mind, the writer undertook the work of studying the
effects of tick infestations on deairy enimels at the Government Stock
Farm, St. Joseph, with particular reference to the effect on milk pro-
duction, bodily health and blood composition, including haemoglobin

estimations end erythrocyte counts.




2, Review of Literature,

The literature deeling with Veterinary Entomology in general
is very extensiveand for the purpose of this thesis, the writer has

confined his attentions primerily to the literature on that cless of the
Arthropoda, the Ticks, zoologicelly clessified es:-
Class Arachnide, Order Acerina, Super-family Ixodoidea.

Ticks constitute one of the greatest sources of trouble to

livestock in the West Indies (7) and they must definitely be described

as a menace to the stock industry, pleying an important part in the
ferming economy of the West Indian islends. Notwithstanding this,
however, it is feared that, in some of the West Indien islends, no
attempt has been made to deal satisfasctorily with the tick problem and
the natural sequence of events has shown that the tick, more or less,
has head it8 own way, Normelly, the method of "deticking" enimels,
mostly employed by the peasent possessing & few esnimals, was to scrape
the ticks off by meens of a knife or pull them off by hand. This does
not by eny means afford & good method of control for, though the enimal
mey be completely freed of meture female ticks, it does not account for
the numerous seed-ticks which are naturally much too smell to be scraped
or picked off by hend. Seunders (8) reports that very effective con-
trol measures egainst the tick are used in Antigua, These comprise

the use of a spraying mechine through which the cattle pass; the spray-

ing solution being Cooper's' Cattle Dip - en arsenic-conteining prepara-

tion. The writer has used @ similer type of mechine with excellent
results et the Government Stock Farm, St. Joseph.

While this Cooper's Cattle Dip - & proprietxry preparation = is
definitely injurious to vegetation, Carroll end Gouck (10) in a recent

article on the use of sprays for the control of ticks point out that

nicotine
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nicotine sulphate used as a spray against the dog tick (Dermeacentor

variabilis) was very effective, the ingredients being; 1 part nicotine

sulphate (40% nicotine), 1 part of soap and 288 parts water. Figures

are also given showing the reduction in abundence of ticks on the ground
and on the vegetation after spraying with Sodium fluoride and nicotine
sulphate in mixture conteining 1.92 ozs., of sodium fluoride, 0.64 ozs.
of nicotine sulphate and 0,125 ozs. of neutral socap to 1 gallon of
water, In other articles dealing with ticks end their eradication

(12, 13 & 14) strong points in fevour of dipping, combined with other

meésures, such as effective fencing, orgenized roteticnal grezing of

pastures and the alternation of crops involved in the practice of general
mixed
/farming, are put forward, It is pointed out (13) that where cattle are

to be completely freed of ticks, the use of the dipping vat is the cheap-

est and best means of applying the remedy, The writer states that the
great adventege of the dipping vat over the spraying machine lies in

the fact that thoroughness of treatment is practically assured.i; On

the other hand, however, Seunders (8) states that the use of the spraying
mechine in Antigua gave excellemt results and at least control, if not
complete eradication, of the ticks was effected.

Tete (2) working in Puerto Rico states that stenderd arsenical
dips, proved to be effective in destroying the tropicel cattle tick,
practically all the eanimals being freed of engorged female ticks after

the second or third dipping. In practically all ceses after & dipping
they were invariably in locations comparatively well mrotected by long
hair. This fect was also observed by Legg (16), working in Australia,

The cattle tick or "crecle™ tick as it is commonly called,

is rife in the West Indies. Saunders (2 & 7) having reported its

occurrence from nearly all of the Windwerd and Leeward Islends. DeJesus

(4) reparts adequately on the tick problem in the Philippines, while

Tate
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Tate (3) has given & full account of the life history of the tick in

Puerto Ricos The tick problem in Australie has been dealt with by

Stewart et al,(6) while a short account of its probeble introduction

into the Americes and Austrelia is also given. Much has been written

in connection with this species of tick in the United States of America,
Woodward & Turner (5) working in Florida carried out an experiment to
determine the effect of the tick on milk production in dairy animals,
The writers point out the chief detrimental effects suffered by the

host and figures relative to milk production and body weights of the
experimental esnimals show clearly thet the need for constant control
measures is essential, The results obtained by the present writer in

e similar experiment at the Government Stock Farm, St. Joseph, bear out

the findings of Woodwerd & Turner in Florida, They found over a period

0of140 days, a decrease in the flow of milk up to 18.2 percent between

the tick-free and tick-imfested groups. Results obtained in Trinidad
by the present writer, compare favourably with the above, there being
over a periocd of 70 days, @ decrease in the milk yield of 8.3 percent
in the wet season and 10.8 percent in the dry season, when the milk

yields of the tick=-free and tick~-infested groups are compared.
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Be Objects of the Experiment.

An investigation into the nature of the effects of the Cattle

Tick = Boophilus annulatus Sey - on the dairy cow was considered worth

while since the tick would eppear to be one of the major factors limiting
milk yield in the tropiecs. Today dairying is popular and widespreed

amongst all classes, The truth of this can be demonstrated quickly by
enquiry and observation. An industry, such as the dairying one, should
be worthy of assistance even if the average size of dairy herds is small

and even more so in em island where livestock rearing generally does
not figure to eny great extent in egricultural enterprises,

In Trinided, the insufficiancy of dairy animals and consequent-
ly of milk (17) together with the widespread nature of the dairying

industry suggested to the writer thet there were problems and difficul-

ties operating against the natural development of a deiry industry con-
ducted along modern lines.

The serious problem of malnutrition emong certain classes of
the population would be pertially remedied by en increased consumption

of milk, particularly by children. Therefore, any assistance tending

towards an increaese in production might also bring about a greater home
consumpt ion.
This experiment wes primerily designed to find out:-

(a) the effect of the Cattle Tick on the milk production of dairy
animals at the Government Stock Farm, St. Joseph, in both the
wet and dry seasons,

(b) What effect this ecto-parasite had on the condition end bodily

health of the animals.

(e) the nature end magnitude of these effects and

(d) the effect of spraying in en arsenicel solution upon the yield

of milk

} ‘.
Sources
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4, Sources of Infestations of Ticks,

(a) In Trinidad, where the annual precipitation is high and where

the annuel mean temperature is correspondingly high, environmental con-
ditions, for the development of the cattle tick, are optimal. As has
already been pointed out, the cattle tick on reaching maturity on the
host drops to the ground where the continuance of the life-cycle pro-
ceeds, This, as a rule, takes place while an enimel is grazing at
pasture, On the other hand, the writer has observed mature female
ticks crawling over the concrete floor of the byre. They, in all
probability will reach cover, affording a suiteble place for egg-laying.
However, pastures or rough grazing lends are the mein source from which
animels acquire infestations. The development on the ground has been
well demonstrated by De Jesus (4) working under Philippine conditions.
He found that the adult female took 3 days to complete egg-laying in

the dry season, and 4 days in the wet season. On the average 20,5

days elapsed before the hatching of the eggs into & pre-parasite larval

stage which lasted 4 days. This is the "seed-tick" stage and the stege

at which the parasite is infective to animals. Due to some natural
instinct, these seed-ticks climb to the extremeties of grass blades and

await passing hosts, As the host passes, these minute larvee are
brushed on to the hairs of the legs and immediately seek out a good
place of attachment on the body. Very heavy infestations mey be ac=-

quired in this way,

(v) In addition to infested pastures ean animal may ecquire ean in=-
festation if kept or housed in close proximity to animals of other
species which are also known to harbour the pest, This tick hgs been
recorded from all equines (4) also from goats end sheep (3 & 4) in
addition to such wild enimals es deer and rabbits. Even under farm
conditions where the dairy stock are kept free from the paerasite, spor-

adic infestations mey occur due to the fact thet the perasite is

maintaining
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maintaining itself and completing‘its life cycle on horses and mules etec.,
from which it is frequently }eoorded. The writer has, in the course

of this work, observed the parasite on horses, mules and goats both in
Trinidad and in Tobago.

(e) It is the normel prectice, prior to the milking of the am imal,

and in accordance with the accepted principles of deiry sanitation and

hygiene in the production of cleen milk, to wesh the udders with clean

water using an ordinary piece of cloth. The writer personelly feels
that these udder cloths are largely instrumentel in the dissemination
of ticks amongst dairy stock. The minute "sced=ticks" cen easily cling
to the cloth and be trensferred from one animel to another. The mam=-
mery region is a very common site for the attachment or‘this tick and the
writer's observations in this connection were fairly conclusive on the

exper imental animels under his care.




- 12 %

5. Life History of the Cattle Tick = Boophilus annulatus Sey.

For any efficient eradication cempeign egeinst any pest, whether
it be @ crop or animal pest, it is necessary to know the life-history in
order to,facilitate the work and et the seme time be assured of at leest

.reasongPle success. This fact is stated by Tate (3) in a paper dealing
with th; biology of the Cattle Tick under Puerto Rican conditions, prior
to carryipg out an eradication cempaign there.

: \It is convenient for the purpose of this discussion to start
with the mature edult female tick., At this stege the tick has been
fertilised and is ready to drop from the host. This usuelly occurs
when the animel is grazing at pasture. Immediately on dropping to the

ground, the tick at once crawls about in search of a convenient blace

for egg laying. A place that affords her shelter from unfavourable con=-
ditions and numerous enemies is seieoted. The chief netural enemies of
the tick at this staege are birds and ants. The total period of the life

cycle varies depending on the climatic and environmentel conditions. |

De Jesus (4) in the Philippines found that the life-cycle of
this tick was completed in from 48.5 days in the dry season to 50,5 days

in the wet se&ason or in an average of 49.5 days. On the other hand, in

Puerto Rico (3) it was found that approximately 41 days were required
for ite completion. There is a preoviposition period ranging from 2
to 6 deys but normally approximately 11 days elapses from the time of
dropping to the ground until egg laying is completed. The eggs are
small, ellipticel shaped of a slight amber colour, later changing to a

deark brown colour, These tiny eggs adhere in clusters due to & sticky

secretion with which they are covered. Over the period of egg laying
she
the body of the tick gradually shrinks and when this process is complete/

dies. In the process of egg laying the part between the thorax end

cephalo-thorax splits open end up to 5,000 eggs or more may be laid.

After
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After egg laying there is an incubation period of approximate-

ly 20,5 days in the Philippines, from 18 to 16 days in Puerto Rico under
different climatic conditions end in Trinidad, in an experiment carriéd
out by the writer, a period of 21 days was observed to elapse before

the hatching of the egge in the dry season. The issuing larvae or
seed-ticks were small, ovel end six-legged of an amber colour later
chenging to & dark brownish colour. These seed ticks after hatching
were observed to remein comperatively inactive for a matter of 3 days,

a fact also observed by Pe Jesus under Philippine conditions. This
phenomenon was demonstrated, by placing, in the tube containigg the

seed ticks,blades of Savanna grass (Axonogus comgressus). It was
noticed that gfter the three days elepsed the small larvee became very
active and proceeded to climb up the grass blade until they reeched to the
tip where they egein congregeted in clusters. This is the stege at
which the tick is infective to sattle, Provided a suiteble host comes

elong the tick now begins the paresitic stage of its life, However,

if a host is not evailable to provide the means of completing the life-
cycI;, these larvee can remain slive for a considereble length of time.
In the writer?s experiment where the larvee were confined in & glass jar
a period of 7 weeks elapsed before the larvee died. Tate in Puerto
Rico observed that from the dropping of the engorged female to the death

of the last larva a period ranging from 89 to 251 days elapsed.
Once the seed-tick is attached, however, to & favoureble hos t

its subsequent development 15 comparatively rapid, Those places, on

the host:§§¥}er the greatest amount of shelter end protection eare sought
out by the larvae. Such places include the escutcheon, the flanks, dew=
lep, the external genitalia etc., (See. pp. 15 & 16). The seed tick

increases in size rapidly, heving commenced to suck blood from the

moment it beceme attached to the host,
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The larvel longevity extends over a periocd of from 5 to 11
days when the first moult occurs. A new form is produced which hes
eight legs and is known as e nymph. These nymphs can be discerned on the
host but the sex cannot be determined at this steage. This nymphal stage
lasts for a period of approximetely 7 days, when the second &nd finel
moult occurs, The sex cen be readily determined after this final moult.

The male appears brownish in colour eand is ovel in shape. The female
on the other hend is slightly lerger and appears'to be very inactive,

little movement from her original plece of attachment being observed.
Mating now proceeds and after fertilisation, the femele is mature in
approximately 4 days under favourable conditions, De Jesus reporte

thet this stage tekes 7.5 days while Tate states that the period from

the nymphal moult to the dropping of the engorged female or adult renged

from 5 to 23 days in Puerto Rico.

From the above, it appears that the complete life-cycle of
the tick covers a period of from 36 to 40 days. Out of that total
period only a metter of 15 to 18 days are Speht perasitic on the host.

Therefore, in an eradication cempeaign, it is suggested thet the infested

animels be sprayed or dipped in arsenic solution once every 14 to 18 daya.'




8+ Loci of attechment on Body of Infested Animale,

During the course of the exper iment it was observed that some
cows became more heavily infested than others. Generally, cows having
black or mottled bleck end whiég?zilour eppeared to be more susceptible
io tick infestetion than cows where the coat colour was entirely white

or where the animel showed e greater proportion of white hair to black

hair,

Ticke do not appear to tolerate exposure to direct sunlight,
therefore it seemed thet they instinctively atteched themselves to par=-
ticuler pleces on the body surfece where conceeslment from the direct
heat of the sun was offered. In grade Holsteins, such as were used
in this experiment, factors affecting or limiting tick infestation ap=-
peer to be at & minimum, The body surface of this type of enimal is
covered with fairly long heir which offers excellent shelter from the
elements; the skin is reasonebly thin in comparison to that of the

Zebu (Bos indicus), offering an epperently essily penetrable surface

for the insertion of the cheliceree and hypostome of fhe feedjné ticks,
From cobservetions, it eappears thet the heelth end bodily condition of i
the animal are major factors in resisting or scquiring en infestetion

eand subsequent meturity of ticks was observed to be quickest on animels

showing e dejected appearance. More fleshy and healthier looking
enimals gppeered to be more able to resist the effects of the parasite,
Observations on the experimentel enimels revealed that the degree of
infestation wes greatest on those parts that offered the ﬂ:ximum amount

of protection both egainst the direct heet of the sun and the, ersenical |

spraying solution. Legg (16) end Tete (3) state that where ticks were

P

found meturing on enimels after e dipping, they were inweriebly in lo-
cetions comperetively well protected by long hair. These included the

escutchons, the bellies, the sides of the memmary glands, the folds in

the skin of the neck, the ears, the dewlep, around the root of the tail
in
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"entrance" and "exit" races
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in eddition to the skin earound the anus end external genitalia, (3,

4 & 5). Ticks were also observed on the flenks of the enimels where
the hair wes of such & length thet precticelly complete concealment of

the tick was effected.

7 Spraying of Exper imental Animals,

At the stert of the experiment, all the experimentel enimals
were freed of ticks. Thereafter, the animels in the tick-free group
were spreyed at epproximetely l4-dey intervels, hence one group was
allowed to ecquire & naturel infestation while the other group was kept
free from the parasite during the exper imentel period. The machine used
wes Cooper's Cattle Sprayer (Fig., 1) and the spraying solution employed
was Cooper's Cattle Dip -~ an arsenic conteining preperation used at a
strength of 1 gallon of dip to 150 gallons of water,

This mechine has a leading in "entrence race" 7 feet long
and a leading out "exit race" 17' 6" long. It is of galvanised iron
10 feet long and 3' 6" at its greetest width and is 8 feet high. The

foot boards are 1' 2" wide end the mechine is so constructed thet the

eanimel is prevented from turning round while being spreayed. The dip
is edministered by meens of atomizing nozzles, in the form of a spray,
from pipes which run round the inside of the mechine. These nozzles,
which send out the dip in the form of a fan-sheped spray, are set from
the pipes at various engles properly placed so es to fill the interiér
of the machine with a fine cloud of spray, which so eftriciently soaks

-

the eanimal when paessing through in a metter of a few seconds.
Under the foot boards there are strainers of fine-meshed brass
wire gauze, through which the surplus dip pesses on its way back to the
tenk, to be used again. Occasionelly stoppeges and difficulties are
encountered due mainly to dirt end debris, especielly from the feet of

the enimels, finding e wey past the brass wire geuzes intc the tenk,

when
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when it appears to have some effect in blocking the nozzles. This,
however, does not prove serious and is easily remedied. To obtain

this high pressure spray, the dip is pumped from & tank situated at the

side of the machine, by means of a pump which requires the efforte of

two men for its efficient operation. The dip tank is also made of

on f \L/:'
galvanised iron and is equipped with a gauie 80 that the amount of

dip contained in the tank can be readily determined at any time,

The machine at the S8tock Farm is equipped with two pens.
These pens are, for obvious reasons, essential and in theory they should
have rock or earth bottoms and should be kept free of vegetation. One
pen leads to the entrance rece while the other accommodates the sprayed
animals for drying purposes, It is more essential that the drying pen
have an earth or rock bottom in order to soak up the arsenic solution

which drips from the bodies of the animals,

The spraying operation has of course, for obvious reasons, to
be done on dry days and owing to inclement weather conditions the work |
of spraying was unevoidably held over & day or two on some occasions
during the course of the experiment. However, each spraying wes car-
ried out as near to the l4-day intervel as was practicable and as &
result the animals, during the wet season Were completely free of ticks.
At the first spraying some of the animals proved to be somewhat refrect-
ory but after & time they became quite accustomed to the operation,

The animals were found to be dry agein in, et most, 15 minutes after

spraying.

Concerning the ticks themselves; 1t is now a well known fact
that the method by which they are killed is by ingesting the poison

from the skin of the animals in which the arsenic is present for some
time after dipping. Thus, it will be seen that the dip hes not only

an :
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an immediate effect on the ticks but it also has & prolonged protective
effect for some time after its application. The writer observed, iﬁ
this experiment, after the 1ﬁ1§1a1 spraying, that in two to three days
after the operation, the enimals showed a complete ebsence of ticks.

As a result of spraying, the enimals sppeeared much more healthy, their
skins being plisble and soft, their coats were not "sheggy" or "starey"
and they showed no symptom of being hidebound. These features were

compaeratively obvious in the non-gpreyed or tick-infested group. (See

Pp. 46 & 47).

8y Fectors to be considered in Plenning and Cerrying out the Experiment

&s (1) Site of Experiment.

The animals selected for this experiment were teken from

the commercial dairy herd at the Government Stock Farm, St. Joseph. The

feeding and housing facilities there were adequate and the difficulties
of milking, milk recording and menagement were suitably teken care of,
there being a permanent deiry staff to attend to the deily routine of
the deiry and the menagement of the dairy enimeals, Initially it was
intended to carry out the experiment at the College Farm where there
was sufficient byre space for a limited number of dairy animals end in
addition the College Farm possessed a good weighbridge, which the Gov-
ernment Stock Farm lacked. However, the suthorities of the Government
Stock Farm were not in fevour of having some of their best yielding
deiry cows housed, menaged end milked awey from their own premises,
This wee understandeble since the animels were to be kept under experi=-
mentation for & considereble time. In eddition, it wes evident that

a commerciel deiry of this type, under contract to supply and deliver

bottled milk, could not underteke the inconvenience which en experiment

of this neture would involve.
The
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The difficulty of a weighbridge now arose since the 8tock
Farm did not possess one, end an experiment of this nature demanded &
reasonegbly eccurate mechine situated in close proximity to the farm
buildings., Weighings were done on seven successive days at the begin-
ning of the experiment, the middle of the experiment and at the end of
the experiment, Weighing at the same time every day tended to eliminat
any errors that might earise from the animal's.standpoint. Weights of
cattle are subject to considerable variation from day to day (4l) and
these varietions would presumably, have been increased had the animals
been weighed at different times each dey due to the fact that the di-
gestive and rectal cepacities are subject to daily varieticn, The
fact that weighings were done ror.seven guccessive days at the seme
time each dey tended to eliminate but not entirely to cancel out such
errors.

Lush et 8l,(41) in @ paper published in 1928 reported that the
probeble error of a one-dey weight ﬁas 4 to 8 lbs, end thet by weighing
two additionel days 42% of this error wes eliminated., Even average
weights obtaeined from 10=-dey deily weighings does not completely elimi- .
nete the existence of en experimentel error. The relative error of a

l1-dey weight and a 3-dey weight is as the squére root of one end the

square root of one-third when the comperison is being mede between the
weight changes made'by the experimental group and the weight cheanges
made by the control group.

According to Hodgson end Knott (42) in e determination of
the eccurecy of live weights on dairy cows, when treating their date
statisticelly, found thet weighings of cattle on three successive days,

the eanalysis of varience was 14 lbs. They also found that the Sten-

dard
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derd Error in the weights of 1,200 lbs. cows was on the average 2,2 lbs,
It would therefore appeer, that deily weighings on seven suc-

cessive days would give a fairly sccurate averege weekly weight end

this system was edopted. The difficulty of securing & weighbridge

was finelly overcome through the co-cperation of the Waterloo Suger

Estate. Through o0ld age and hard weer its accurecy had been somewhat
impeired, the daily weights recorded probebly being asccurate to within
& stone. Bearing in mind the possibility of body-weight variations
of the order of 60 lbs. within two successive deys, this ineccureacy,
though undesireble end unavoideble, was not so serious &s it might
appeer,

This was, hcwever, by no means an ideel errengement partic-
ularly in en experiment with deiry cows when constent supervision is

essential and with the cless of labour evaileble leaving much to be

desired. Hed it been possible to keep the animels end run the ex-
periment et the College Farm, continuous personel supervision would
have been greatly facilitated. Such as it wag, with thziqgttle housed
at some little distence from the College, it was only poésible to meke
periodic visits during the course of the day to supervise the milking,
milk-recording and feeding. Visits were elso mede to supervise spray=-
ing operations; to meke observations regarding the heelth and degree

of tick inrestetion; to record the body temperatures of the individual

animals end for the drawing of blood samples.

(11) Selection of Experimental Anmimeals.

All the enimels selected for the experiment were, as has
been stated, running with the commerciel dairy herd &t the Government

Stock Farm. Since all the animels to be used were intended to be

grede Holsteins, which aere feirly numerous &t the Stock Farm, a

certain
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certain amount of selection was afforded, This Holstein (Bos teurus)
‘breed was selected for such en experiment beceuse of their susceptibil-

ity to tick infestetion and since the native zebu (Bos indicus) breed

ere relatively immune to the tieck, it was thought thet an experiment

of this nature would throw more light on the adventeges and disedventsges
of the Holstein breed &s & dairy enimel for the tropical farmer. Ani-
mels from this breed &8s neer the averesge type as possible.were to be
selecteds They should, for instence, conform to the average deiry
type end be of the correct breed; non-pregnent or otherwise as near
the dete of service as possible and at least not more than half way
through the lectation period in order to avoid the possibility of any
enimel drying off. They should also be of medium weight and age, in
good health and possess good sound udders and teats. Only animels
docile and easy to handle should be maintained; all refractory or
nervous individuals being rejected. Therefore, with these points in
mind, the next step was to examine the herd record bocks containing
deteils of all cows. TUnfortunately, owing to lack of staff snd other
difficulties experienced by the Stock Farm since the stert of the war,
the records of some of the enimels hed not been brought up to date.
However, irrespective of this setback, it was possible to select a
number of cows conforming, @s near e&s possible, to the aforementioned
principles. The next procedure was to examine the cows themselves and
from them select the ones best satisryihg the requirements of health,
size, weight and temperement. By these methods and with close regard
to the individuel points, sixtesmn animals were selected for experimenta-

tion.

The records of the individual enimels, &s obtained from the

record books of the Stock Farm are tebulated below:-



Table 1.
No, | Name Breed & Origin |Age in | No. of previous | Yld. of Lactation | Lactation Perled | Daily Yield at
Holstein:Zebu Years lactations in previous to Exe (Days) start of Expt.
herd periment (Lbs.) (Lbs.)

: Baby { bred: bought 15 9 6820 1bs, 389 18
2, Belle IV : S 7 3 5528 290 15,5
3. | Nymph III g 5 2 4869 300 18,5
4, | Mathilda g v 5 2 5716 St111 milking; 10.0

sent to I.C.T.A.

‘ after 341 days

5. Nancy Lovell II $ " 7 2 3746, 367 16.0
6, | Amelia TIT P 9 4 3858 257 10.0
%o Ruby ITII . FE 5 1 4591,5 Still milking; 14,5

sent to I.C.T.A.

after 307 days.
8. Josephine III 7/8" 6 2 4250,5 363 16.0
9. Crystalline t 8 4 4949,.5 329 14,0
10, Laurie IT & bought 10 4 6634 336 17.0
s I8 Isabella IT ' S 11 6 7919 445 18.5
12, Soozee II g8 2 3847 370 11,5
13, | Rlectra % "  bought 9 3 -t -7 14,5
M, Amelia T g * 4 3165 344 16,5
15, | Shiama IIT $§ "  bought | 12 5 55185 411 17.0
16, | Jaiphellia IIT | £ * 6 3 5047.5 266 14.5
17, Phoolwantia II $ ® 10 5 4287.5 323 22.75
18, Gladys II z r 5 2 6540,5 416 16.0
19, Jaiphallia IV g 6 3 7044 617 16.0
20, Cinderella ' S bought 10 2 1744,5 176 8.5
21, Crystal I bought 4 1 3507 155 26,5
22, | Kimp. £§ " bought | 10 5 5034 318 29.0
23, Belle II g 10 7 5970 490 12.5
24, Moondaree 2 10 5 2336 229 16,0




(111) Length of Triel Period.

In an experiment of this type where the reections of two
groups of animels are being compared it was essential that eech group
be producing, on the average, approximetely the same emount of milk,

To obtein this & triel period of 14 days' duration was carried out prior
to the experiment proper in both the wet and dry seasons. During this
pericd the enimals were fed additionel rations over and above their re-

quirements for meaintenance and production. The emcunt normelly fed was

75 to 100 1bs. roughege, considered sufficient for maintenence, and 4

lbs. concentretes for every gallon of milk produced. The concentrate

ration was increased daily until each animel wes receiving 5 to 8 lbs.

per day depending on her milk production. ¥y the end of the fortnight

.

each enimal wes producing her maximum amount of milk and from their

daily milk yields two groups of animels were consequently selected,
eight in each group, producing approximately, on the average, the same

weight of milk.

During this preliminary period, a2l animals had the opportuni-
ty of becoming accustomed to their new positions in the byre and to their |
respective sfalls and by the time the experiment proper started all the
enimals knew exactly where to go, with the consequent elimination of

eny harsh treetment on the part of the attendants. TFortunately the
enimals selected showed no sign of nervousness, all of them being of a

docile and easily menageable disposition.

(iv) Housing end Feeding of Experimentel Animels,

Since this experiment wes primerily planned eand designed to
find out what effects @ naturelly acquired tick infestetion had upon the

deiry cow, everything possible was done to keep the animals under ordi-

nary, deily routine management so that the results obtained would be

more
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more applicable to the average deairy herd kept under the present system
of management end environmentel conditions existing in Trinidad. Con-
sequently, the experimental animals were allowed the same amount of
freedom &8s the rest of the dairy herd, no additional housing facilities, |
other then the byre being required.
The feeding of the animels was routine with the feeding of
the rest of the herd; no particular attention being given to eny in-

dividual animel concerned in the experiment. This proved very eadven-

tegeous during the investigetions, firstly, in that it wes not necessary'

to meke arrangements for speciel foods and feeding end secondly, it

obviated the difficulties involved concerning the labour problem at

that time. For meintenance ration, forege gress was fed as chop=-chop

up to 75 to 100 1lbs,., per day. Concentrates, of the mixture cited be=-

low, were fed @s to the general herd, each animel receiving a definite

quantity depending on the amount of milk produced and on the state of
pregnancy. Water conteining molesses up to 10 gallons per day was

offered at noon together with the roughage part of the raticnm.

Table 2.

Rations for Exgerimental Animeals,
Dry Concentrete Mixture

COCONUT MEAL 250
OIL MEAL 150
BRAN (WHEAT) 75
¢ » (RICE) 100
FLOUR 100
PEAS 75
MINERAL MIXTURE 50

800 Fed
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Fed as:= For meintenance 75 to 100 lbs, roughege
" production 4 lbs. concentrates per gallon of milk
produced.

FORAGE GRASS. This wes variable and depended on which forage wes
available, Elephant grass, Guinea gress, Para gress
or Uba cane fed &s chop-chop in mixture with water con-

taining gpolasses.

B. Descrigtiqglpr the Triels.

(1) Plan of the Experiment.

These trials were designed to demonstrete the effects of the
cattle tick on the dairy cow in the average deiry herd managed under the
present system prevailing in Trinided. This necessitated having two
groups of animels, as near as possible, for all practical purposes,
similar in regard to average weekly yield of milk, weight, size, breed
ete. ‘As has aslready been mentioned (see p. 21) 16 animals of everage
qualities were selected for these trials., One group of 8 cows were
kept free from ticks during the experimental period end these consti-
tuted the check animals to a .second group;g‘tick-inrested enimals to
which the results of this experiment ere applic;ble. This trial was
commenced in July 1944 at the beginning of the wet season, allowed
to continue for a period of 10 weeks, and repeated in Februery 1945
at the start of the dry season. Both groups received the same man-
egement end attention, the only difference being that of subjecting the?
check animals to reguler sprayings in an arsenical dip in order to
keep them free of the parasite. Each cow received the seme amount
of feed, in proportion of course to her milk production and state of
pregnancy. Feeding wes done at the seme time every day; all the

enimals
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enimels had access to the same water; were given the same amounts of

water conteining molasses and were allowed to greaze the same pasture
during the morning period up to mid-day. Both groups occupied the
same line of stalls in the byre with & space of one empty stall for
separation.

All the animals, as will be seen from the deily routine table,

were fed concentrates three times each day and water containing molasses

offered twice daily.

(ii) Records Teken.

(e) Milk Yields.

The daily milk yield wes recorded in the case of all the cows. ;

Milking, as will be seen from the daily routine table, was carried out

in the morning at 7,00 a.m, and in the afternoon at 4.00 p.m, As far

es was possible, personal supervision was giQen to this operation to
escertain that each animel was milked properly and that no milk remain-
ed in the udder. Seven Ailkers were available so that the entire pro-
cess was completed in at most 75 minutes. The yield of milk produced

by each animel was recorded in lbs. using @ spring balance which hed

been previously calibrated so that the reading of th; pointer was the

actual weight of milk‘and did not take into account the weight of the

milking pitcher.

‘b) Welﬂ B

Each animel wes weighed on seven successive days at the begin-'
ning, the middle and end of the experimental period, The individual
weights were recorded to show (1) what difference, if eny, existed be-

tween the two groups and (2) if such existed, its magnitude could be
easily determined.

It was only possible to carry out weight recordings during

the
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the experiment period in the wet season, since the weighbridge was re-
quired by Waterloo Sugar Estate for the weighing of cane when the ex-

periment wes repeéted in February.

(e) Blood Semples.

As hes alread& been noted, due to lack of equipment at the
inauguration of this work, it was only possible to analyse a limited
number of blood samples. However, undesirable but unavoidable as
this fect must be, samples were obtained and analysed at the start
and at the end of the experimental pericds both in the wet and dry
seasons., These individual samples were analysed in en endeavour to
determine (1) what effect & tick infestation hed on the blood picture
of the parasitised enimel (ii) the nature of the effect and (iii)

whether the haemoglobin indices and the red blood cells meintain & con=-

stant relationship.

The samples were analysed for their respective hesemoglobin

indices and erythroyte counts.

(d) Temperatures. : }

The body temperatures were recorded from all the experimental
animals at randomised periods throughout the course of the experiment

in an attempt to detect any occurrence of fever.,

(iii) Daily Routine.

For both trials, thet is, wet and dry season trials, the daily
routine was essentially the same. ;
6,00 a.m. All enimals brought in. Cleaned out mengers in prepa-
ration for morning feed.
6.30 a.m, 1/3 concentrates fed + approximate 3 water ‘eontaining

molasses i.e. 5 gallons,

7.00:8.m,
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7.00 a.m. Udders washed. Milking commenced and quentity record-
ed. |

8,30 a.m, Cows turned out to pasture. Cleaning, washing out
|

of stalls end removal of dung.

9,30 a.m, On the eppropriate day, after the 14 day interveal,

the tick-free group sprayed at this hour.

12.00 noon All animals brought in. 1/3 concentrates feed +
# water containing molasses. Roughage as chop-chop
feed.

3.00 p.m. Cows washed down: stalls washed and cleaned: dung

removed. Mangers cleaned.

3.30 p.m. Remaining 1/3 concentrate fed.
4,00 p.m, Cows milked and quentity recorded.
5.30 p.m, Cows turned out to pasture. Washing of byre and

removal of dung.

C. RESULTS OF EXPERIMENTS.

(a) Fever Caused by Ticks.
The effect of tick infestation appears primerily to be one

of inciting fever in certain of the experimental enimels. Rectal tem-
peratures were recorded in all animels in both the wet and dry seasons.?
These temperatures were taken at randomised periods throughout the

course of the experiment and the results of such are shown, for the

wet season in Table 3.
As will be seen from the Table, recordings were made on twelve

separate days. All readings were taken at 2.30 p.m. with the except-

ion of one reading taken at 9.00 a.m,

From the results recorded, it is observed that tpe average
temperatures, in most ceses, are above normal in both the tick-free
and tick-infested groups. The average temperatures of the check ani-
mels are, on the whole, lower than the average temperatures of the

tick-infested
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tick-infested animals, In the opinion of the writer, the reason for
the check animels showing temperatures above normel may have been due
to the moist, humid conditions prevailing et the time when the temper-
atures were taken, It would further appear that the amount or degree
of fever caused by tick infestation is a fairly veriable factor and seems
to depend largely on the individuality of the animel. Amelia I, a cow
of everage size, became fairly heavily infected, particularly on the
escutcheon, recorded an everage temperature of 106.201, while Laurie II
similarly affected recorded an average temperature of 103, 7°F. Jaiphallie
ITI, fairly lightly infested shows an average temperature below most of
the animals in the tick-free group.

In Teble 4 are set out the tempgratures recorded during the
dry season. The results obtained are in most respects similar to those
recorded during the wet season. Both groups show average temperatures
above normal, In the case of the tick-infested group & mean temperature
of 103,7°F is recorded as against 103.1°F in the wet season. The rela=-

tive degree of tick infestation was menifestly more acute in the dry

season and this might account for the smell ‘increase in the mean temper-

atures. The checks, in the wet season, recorded & mean temperature of

o
102 F and 102.1°F in the dry season. It appears, ther#fore, that tick

infestation has a tendency to an inereased rise in temperature in an '

infested animal, the amount or degree of fever being a variable factor

depending largely on the individuality of the enimel itself, although

the higher mean temperature of the tick-infested animals in the dry season

over that obtained in the wet season might have been due to the fact that,
on the whole, milk production was at a higher level in the dry season.

This would have the effect of increasing the metabolism of the animals

and hence increasing the body temperatures.

Table 3.
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Table _5.
o
Temperature records of experimental animals at various periods snd averages of readings in F in

WET SEASON,
Degree of July |July |Aug. Aug. Aug. Aug. Aug. Aug. Aug. Aug. Sept. |Sept. Average (i
Cow Infestation |20th 28th Srd 7th 17th 18th 28th 20th 30th 3lat lst 2nd Roading
Pollle Peln, Pole Py P, Peln, P.m, Peln, P.m, Pel, P.m, a,m, F
elle IV Free 102.0 }101.5 | 102.,5 {101,0 { 103.0 }102.5 |103.0 | 103.1 102,0 {102.0 | 102,0 |(101.0 102,11 .4
Jesephine III " 102,56 | 102 103 101 102.5 | 101 102,56 | 103 102.1 (103 102 101.2 | 102.2
Amelia TIT " 102.4 | 103 | 102.2 | 102 103 | 101.5 | 102.4 | 103 101.0 [101.0 | 103 102 102,2
ymph III . 101.2 | 102 101,4 | 101 102,2 | 101.0 | 102 102 101.2 {101 101.2 |101 101.6
Mathilda n 102,5 | 105.4 | 101.2 | 102.2 | 102.6 |101.6 | 103.2 ] 103.1 | 101 101 102.1 | 102 O] -
Ruby III " 101.5 1 101,010 101.4 | 102 101.6 | 101 102,1 )] 101 101 102 101.8 101,86 i
Baby n 103 104 102.,2 | 102 101.6 | 101.5 | 103.,1 | 103.2| 101.2 | 101 102 101 102.2 i
Nancy Lovell II " 102.5 | 103 103 102 101.5 | 101.2| 103 103 101 101 102 102 Ty R
Electra Modersate 103 104 103,56 | 102 104 104 102 102,11 102 102.5 | 102.3 | 102 1088 5.
Laurie IT Pairly Heavy|104.5 | 106 104,5 | 103,2 | 102,6 | 106.0| 103 104 102 102.5 | 103 106 103,7
Shiame TIII Moderate 102.6] 101.6] 103 104 105.2 | 105 103 102 103 102.2| 101.6 | 102.4 102.8 -
Issbella " 103.2] 102.1}| 102 103,21} 103,1 | 101.2| 102,2] 102 102.2 | 102 101.2 | 102.3 102.2 i3
Soozee IT " 101,2| 102 102.2 | 103 101.2| 102.2) 101,.4] 103 102,1 | 101 103 | 102 102.0
Jaiphallis III Fairly light{102,1| 101.5| 101 101,11 102 101.5| 102 102 102,11 101 102 101.56 101.7
Amelia 1 “Fairly heavy| 103 101.6| 102.8 | 105,1| 106 105.1[ 104,25 104.T —To5 I8 E Tor 15— -
Cryestalline Moderate 106 104.6| 105.6 ] 102.8| 104.8| 1086 103 104,11 102 103 101.2{ 102 103.6
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Table 4.
Temperature records of experimental animals at various periods and averages of readings in °F in
DRY SEASON.
Degree of Mar, Mar, Mar, Mar, Mar, Mar, Mar, Mar, Mar, Mar, Mar, Apr. Average
Cow Infestation | 5th 6th 7th 8th oth 10th | 27th | 28th | 20th | 30th | 31st 2nd Reading
pPems |pem. |pem. | pem. | pem. | pem. | pems | poms |pem. | pem. | 8.m, | pu.m. °p

Jaiphallia ITI Free 102,2 | 102,2 | 101.8) 1035,6| 101.6| 101.8 | 102.,4| 102 102.5| 101 101.8 | 103 102.1
Laurie II 2 103.2 | 102,5 | 102,2| 103.1| 101.4| 102,4 | 101.6] 101.4 | 102 101.6| 101 102.8 102.1
Isabella " 102 102.4 | 103 102,6| 102.1| 101.4| 101.2| 101 103 102,2| 103 103.5| 102.3
Soozee II . 102,6 | 102,2 | 103 101.2| 103 102,68 | 103,2| 103,11 | 101.8 | 102 102 103 102.5
Amelia TI " 103.5 |103 | 102.5| 102.5| 102,2| 102.2| 101.8| 103.2 |103 | 102.8] 103.8| 103 102.8
Phoolwantia " 101,1 {103 102.6 | 104.5} 102,81 101.2| 102.4 | 103.4 | 102.6 | 102.6| 102 101.2| 102.5
Gladys II " 103,2 |102.8 | 101.6 | 103,4 | 104 102.8 | 102 101 101.2| 101,1| 102.4 | 102 102.3
ghiama III » 102,4 | 102 102 102.2| 103 102.8 | 101.4 | 103,5 | 103 102.6| 103 102 102.3
Moodaree Moderate 103,6 |104 |102.8|102 | 103 | 102.8| 102.6| 103.4 [103.6 | 104 | 104.5| 103.2| 103.3
Beilo IX Fairly Heavy| 103 103.2 | 102,6 | 102.4 | 105 105.5 | 106 108 104.5 | 106 104.2| 105.1] 104.3
Kimp Pairly Heavy| 104.2 |103.8 | 103.6 | 104,2| 105.1 | 105 105.4 | 106.1 | 106 105.8| 104.6 | 104 104,.8
Baby Fairly Heavy| 103,2 |103 102.8 | 102 102 103.1 | 104 104,.,6 | 105,3 | 105 104.8 | 105 103,7
Crystallie Moderate 104.0 | 104 103.6 | 102,1| 102 102 101.8 | 101.6 | 103 102.8 | 104 104,5| 102.9
Crystal » 102.8 |102 103.2 | 103.2] 103 104.1 | 104.4 | 103,.8 |103.1 | 102.8 103.2) 103 105.2
Cinderella ” 103.2 (103.4 | 102.8 | 102,6| 102.6 | 103.4 | 104,2 | 104,.5 | 104 103.6| 102.6 | 103.1 103.3
Jaiphallia IV " 104,1 |103.2 | 103 103.2| 102.5 | 102.6 | 104,0| 103,8 | 104.5 | 105.1| 105.8 | 106.1 104.0




(b) Effect of Tick Infestation on Milk Production and Body {

Weights,
The milk yields of both the tick-free end tick-infested animals

were recorded deily during the course of the experiments in the wet and

dry seasons respectively. The following tebles contain the summarised

data of these daily milk yields recorded during the periods mentioned i

aboves For fuller deteils relative to each individual animal see

Appendix III, TUnfortunately weight data of the experimental animals |
could only be recorded during the trial period in the wet season, since ‘
the weighbridge, on loan from Waterloo Sugar Estate, had to be returned !
for use during the cane harvest at the time when the dry season trial

commenced. This difficulty might have been overcome by having the
animals brought from the Stock Ferm to the College Farm daily and the |
weighings of the sixteen animals recorded for 7 successive days. This
elternative was objectionable for two reeasons. In the first place,

the Stock Farm authorities 4id not epprove of sending their animels away
some considerable distance from-their own premises for such 2 purpose,
and in the second place, the moving of the animals about for weekly
periods et the start, at the middle and at the end of the trial would

be quite enough to upset them and make them scour badly, besides drop-
ping their milk yield. If this had teken place in an experiment of

this neture, the subsequent milk yields recorded could not possibly have

conveyed the true state of affairs and for this reason the idea was sban=-

doned., Undesiraeble, but unavoidable @s this waes, the writer wes com-

pelled to forego the recording of weight data in the dry season, as
Table 8 shows.
It must also be pointed out that during the dry season trial,

one animal, Shiama'III, aborted three weeks after the experiment had

commenced., Although she did not entirely dry up, this miscarriasge had

the effect of slackening her milk yield feirly considerably, Therefore,

as a result, the group records (Teble 7) by weekly periods of the tick=-

free animals are not as high, on the average, as they might have been.

Table
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Table 5.
————

*Group Records of Experimental Cows by 7-day Periods.

WET

SEASON

7-day period Average Milk Production in 1lbs,
ending:

TICK FREE TICK INFESTED.
8th July 99.3 98.2
15th " 96.9 973
22nd " 92.8 977
29th " 91.8 97.2
5th August 95,5 92,5
i2¢h * 88,7 84.8
19th " 88,3 77.5
26th " 79.2 73.2
2nd September 74.7 66,2
9th " 7645 675

*For individual records of experimental cows by 7-day

periods see Table 17 in Appendix.

Effect of Tick Inﬁestat;on on Milk Production
and Body Weights of Cows.

Table 6.
S

WET SEASON.
B " MILK PRODUCTION IN LBS. BODY WEIGHT IN 1BS.* |
Ver., Tor|aver, for Verege [Aver , Tor |[Aver.tor [Aver,for vers |
1lst 7-dey| last 7-dey [Decrease{lst 7-day middle 7= |last 7~ Thereasa
period period period |day period{day period %
TICK FREE 99.3 765 22,9 834.8 83643 871.2 4.4
TICK IN=-
FESTED 98.2 67.5 31.2 842,5 838,3 866.9 2.9
15 & 18

#por individual deily weights of all enimels see Tables 14/ in Appen

Table 7,
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Table 7.

¥
Group Records of Experimentel Cows by 7-day Periods.

DRY SEASON

7-dey period Average Milk Production in T;s.
ending:
TICK FREE TICK INFESTED

24th February 112,5 110.1
ord Merch 112.2 106.4
10th * 113.2 102,7
17¢h ® 109.1 105.7
24th " 117.2 109,3
Slst " 103.4 105.7

7th April 96.8 90,2
14th " 99.0 92.8
Zlst ™ 95.0 79.3
28th " 93.0 79.2

tFor individual records of experimental cows by 7-dey

period see Teble 1€ in Appendix,

Table 8,
e
Effect of Tick Infestation on Milk Production o

of Experimental Cows.

DRY SEASON.
MILK PRODUCTION IN 1BS.
Aver, for | Aver. for | Averege
Group 1st 7-day | last 7-day | Decrease
period period %
TICK FREE 112,.5 93,0 17.3
TICK INFESTED [ 110.1 79.2 28,1

Discussicn
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GRAPH NO, 1
Effect of Mick Infestation on Milk Production in WET and DRY Season.
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Ds Discussion of Results.

Comparison of the Tick-free and Tick-infested groups.

At the beginning of the experiment in the wet season, as will
be seen from Teble 5, both groups produced practically the same amount
of milk - the cows of the tick-free group producing en average of 99.3

lbs. during the first 7-dey period end those of the tick-infested group

an average of 98,2 lbs, By the final 7-day period the cows of the

tick-free group were producing en average of 76.5 lbs,, a decrease of
22,9 per cent from their production during the initiel period, while

those of the tick-infested group produced during the finel 7-day period
an average of 67.5 1lbs., a decrease of 31,2 per cent when compared with
their first 7-day period. Although the tick-free group produced ap-
proximately 1 per cent more milk dufing the initiel 7-day period then
the tick-infested group, it should be noted thet during the final 7-day
period the tick-infested group, on the average produced 8,3 per cent
less milk than the tick-free group.

Weight data for ell animels wes recorded during the wet seeson
trial and in Teble 6 the results obtained are summarised. By reference
to this Table it will be observed that the tick-free group shows an aver-

sge increase in weight of 4.4 per cent while the tick-infested animels -

sfow ean average increase of 2,9 per cent over the trial period of 10
weeks . Both groups weighed, on the average, approximately_the same at *
the stert, there being a difference of only 7.7 1lbs, between the group
avereages, By the end of the experimental period, however, the tick-
free group increased on the averege, by 36.4 lbs, While-the tick-infested

group increesed by 24.4 lbs. This weight data, collected over so short

a8 period as 10 weeks, does not demonstrate results from which & decisive

conclusion could be drewn, but it does suggest that tick-infestation

has
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nas a retarding effect upon the normel growth and bodily increase of
affected animals,
The results of the trial carried out in the dry season are

given in Tables 7 & 8 end the effect on the milk production represented

graphically in Graph No. 1, The results obtained were observed to
follow & similar trend to those obteined during the wet season trieal,
but in & more conclusive form. Again, botﬁ groups produced practically
the same amount of milk et the beginning of the trial - the cows of the
tick-free group producing an aversage of 112,5 lbs. during the first
7-day period end those of the tick-infested group en everage of 110.1
lbs. During the rinal 7=dey period the cows of the tick-free group
were producing an aversge of 93.0 lbs., a decreese of 17,3 per cent from
their production during the initiel period, while those of the tick=-
infested group produced during the finel 7«day period en averege of 79.2
lbs., representing & decrease of 28,1 per cent when compared with their
first 7-dey period. Although thére was a slight difference, on the
everage, of 2.4 lbs. of milk between the two groups at the stert of

the trisl, it snbuld be noted thet during the finel 7-day periocd a
difference of 13,8 lbs. of milk, representing a percentage difference of
10.8% existed between the two groups. The degree of tick~infestation
in the dry season experiment was, on the whole, heavier then that in

the wet season. The effects of such & difference are clearly reflected
in the results, when,‘by reference to Tebles 6 & 8 it will be observed
that during the wet seeson for the final 7-day period everage, the tick-

infested animals produced 9 lbs. less then the tick-free enimels snd in

the dry season, the tick-infested group produced 15.,8 lbs, less milk

then the check cows over a similar period of time and under the seame

conditions of mansgement, feed ete.
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The mein inference that cen be drawn from such results is
thet milk yleld in deiry cows is considerably reduced by tick infestation
and, a8 has been shown, bears e direct reletionship to the degree and in-
tensity of such a parasitism, Unfortunately, weight data could not be
recorded during the dry season trial for went of a weighbridge. This

state of affairs was unavoideble, but the writer feels, due to this,
that a considerable amount of informetion hes been forfeited; information

thet might heve proved to be more suggestive then thet obtained during

the wet season, when the degree of tick-infestation was not so intense.

On stetisticel enalysis, the differences in yield were found

to be non-significant, This mey heve been due to the smell number of

eanimels used in the experiments,

L3

9. Effect of Spreying in an Arsenicel Sclution upon the Yield of Milk,

As has already been stated (see p.15 ) the check or tick-free

group of enimels were meintained free from the parasite by reguler l4-
day spreyings in a solution of Cooper's Cattle dip. Each enimel was
passed through the spraying mechine twice so that thoroughness of wetting

end treatment of the entire body surface was effected, Never et any

time during the course of the experiment in the wet season were ticks
visible on the bodies of the animels, In the dry season, when the pre-
vefling conditions were optimum for increesed infestetions, odd ticks

were visible, These ticks, however, were never allowed to reach meturity

end since they were relatively few in number no epprecieble damege appear-

ed to be done. 4

From the Graphs Nos, 2 & 3, it is observed that spraying in
en arsenical solution does have e deleterious effect on the milk yield.

A1) the experimental animels were sprayed at the stert of the experiment

and
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end Greph No, 2 shows conclusively the acute decrease in milk yield.
From aﬁ average, over 16 cows, of 234 lbs. of milk produced on the day
of spraying to an average of 208.5 lbe. on the fbllowing day, it can be
deduced that the dipping process, together with the disturbance and in-
convenience experienced by the animals does show effects of paramount
interest in so far es the milk yield is concerned. The cows, after
this initiel spraying, took four days to regein the former average figure
of 234 lbs. This drop of 28,5 lbs. during the course of one day repre-
sénts a decrease of 10,9% in the yield of milk. Graph No., 3 represents
the respective ylelds of milk obtained after subsequent sprayings carried
out during the course of the works From the graphicel répresentation of
the results it is obvious that the decrease in milk yield was not so
acute as that obtain;d after the initiel spraying. The animals eppeared
to become more asccustomed to the operation consequen tly causing them
less inconvenience and disturbance, hence the milk yield did not suffer
so appreciebly and es they became accustomed to this treetment, the work
of spraying was ﬁerrorqed much more efficiently and much more quickly
thean on previous occasions.

The following teble shows results obtained:-

Table 9.

TICK FREE GROUP.
Average Milk Production in LBS.

Date of Yield on day | Lowest Yield re=- Total %ege | No. of days taken

Spraying | of spraying corded before in=- decrease to regain former
crease observed yield of milk

production

4/7/44 234 208, 5 10.9 4

21/7/44 107.5 99,0 7.9 S

4/8/44 105.0 98,0 8.7 i

21/8/44 93.0 84,0 9.6 4

8/9/44 91,0 7843 13.9 7
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From these results, it will be observed, that the animals re-
quired a period vearying from 4 to 7 deys to regein their normel yield of
milk, Workers in the United States (5) recorded similar results. With
the exception of the last spraying, the other results show that the eni-
mels appeared to be becoming more accustomed to the operation, when the
total percentage decrease in each case is compared with the totel per=
centage decrease after the first spraying.

The lest spraying carried out towards the end of the experimen~
tal pericd, shows even & greater decrease than the decrease in the milk.
yield experienced after the first spraying, but this spraying happened to

coincide with & change in the feed of the animals, The normal ration

fed (see p. 24) contained 250 parts by weight of coconut mesl. The change

in the concentrate ration was brought about by substituting 100 parts by
weight of coconut meal by an equal amount of soye been meal, This may

have had, in the writer's opinion, some influence on the milk yield in

addition to that ceused by the spraying solution.

10, General Observations on Experimentel Animals,

Over the course of these experiments conducted in both the wet

and dry seasons, the external effects shown by the respective tick-free
and tick-infested groups were pleinly menifested. It is convenient,

at this stage, to discuss the effects on the 1ndiv1dqal groups,
The tick-free enimals, es a whole, appeared to be in a healthy,

thriving condition. They appeared much more active than their parasited

neighbours ahd et the seme time giving the impression of being on & much

higher plane of nutrition. Their coats assumed the characteristic

well-fed-looking sheen which is associated with enimals in & thriving .
stete, The ticke-infested group, on the other hand, esppeared dejected

end
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Fig. II.

Amelia I showing fairly heavy
infestation of mature female
ticks on escutcheon, root of tail

and around the external genitalia.
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and inactive. Their coats were "shaggy" and eppeared to have lost all

bloom, in &ddition to their skins being dry and hidebound. Having lost
appearance bodily, they looked thin and somewhat emaciated. The observ-
ance of the fact that more flies seemed to be attracted to the tick-infest
ed group than to the tick~free group brought up & point of immediate in-
terests This fect was presumably due to the smell end bodily condition
of the animals,

On individual observetion regarding the tick-infested animals
a comparatively wide range of conditions was noted. The degree of i

|

tick infestetion ranged from feirly light to fairly heavy., Amelie I
(Fig. 2) and Laurie II each acquired a feirly heevy infestation while

Jaiphallia IIT under the same conditions was, éf the end of ten weeks,

lightly infested. Her bodily condition was good throughout the experi=-
ment and she appeared to be more able to resist tick infestation than
some of the other members of the group. Whether this faculty can be
attributed to her coat colour or not, it is hard to say. The wrifer

is of the opinion that her coat colour, which showed a predominance of
white hair to black, was probebly pertly the reason for such a relatively
low degree of infestation. It was generally observed emong this group
that animals possessing a black coat colour were more susceptible to ticks
Those animals that were fairly heavily infested showed & greater proport-
ion of black hair to white. These animals not only showed an abundance
of ticks on the hind regions end around the external genitalia, but also
along the flanks where sufficient shelter was afforded by the long hair,

The other enimals suffering from & moderate infestation did not seem to
be appreciably distressed although they did present the appearance of

loss of bloom,

All
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All the infested cows appeared inconvenienced end upset by
these ticks, due meinly to their irritating effects on the skin while

sucking blood. It was a common occurrence for the animal to turn round

end lick the affected parts with the tongue in an attempt to dislodge the

tickse Blood was observed to drop from tick wounds on cows, Amelie I
and Laurie II, This condition attrected the Screwworm (Cochliomyia
macellerie end consequently secondery infection by these larvee was ob=-
served, Comperatively large sized larvee were abstrected, using forceps,
from such tick wounds by the writer,

These maggots had a debilitating effect upon the host, in ad=-
dition to destroying the tissues that they 1nrgsted. On examination,

they were observed to bore deep into the flesh, exposing &n ugly wound,

the smell of which attrected other flies, the commonest being the house

fly (Musca domestica)and Stablefly (Stomoxys celeitreans). The Screw=

worm larvee were picked out and the wound treated with entiseptic. This
is one reason why hand-picking of ticks from infested enimals should be

discoureged. If such & method must be employed, some disinfectent should

be applied, for exemple, Jeyes Fluid as Saunders (8) suggests.
During the dry season experiment, &s has already been pointed

out,.where the degree of tick infestetion was more pronounced, similar

effects to those discussed for the wet season were observed, but noted

to be considerably more obvious. The divergence in appearance of the two

groups was more accentuated and the tairly heeavily infested enimals,

Belle II, Kimp and Baby appeered to be appreciably distressed both regard-

ing feedings and frequency of respirations. Of these animals, Belle II

appeared to be the most noticeably distressed and as many &S 128 fully

engorged, mature female ticks, attached to the body surface, were counted.

These animals egein showed & merked predominance of black coat colour over

white coat colour and from these observetions the writer is or the opinion

that
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that tick immunity in animels (11) is not only an acquired character but

it elso appears to depend lergely on the phenotypic characteristics ex-

hibited by the animal itself.

1l.

1.

2o

3

4,

Se

6o

Summéry and Conclusions.

A study of the effects of the Cattle Tick - Boophilus annulatus Say -

upon the dairy cow under Trinidad conditions is herein reparted.

This species of tick has a decidedly injurious ettect upon dairy

stock, the extent ot the injury being, in the main, lergely dependent
upon the degree of infestation, es was shown during the dry season

trial.

The effect is more obvious upon the milk production then upon the
body weights. At the start of the trial in the wet season the tick=-
free and tick-infested groups produced, on the average, practically
the same amounts of milk, By the end of the experimental period,
the tick-infested group produced 31,2 per cent less milk than they
did at the start of the trial, Similarly in the dry season, both
groups produced practically the same emounts of milk during the
initial 7-day period,- but by the final 7-day period the tick-infested
group produced 28,1 per cent less milk then they did at the start

of the trial,

During the 10 weéks experiment in the wet season the tick-free animals

gained 4.4 per cent in body weight while the tick-infested gained

2.9 per cent.

Individuel resistence of cattle to tick infestation is a variable

character

A certain degree of fever was found to be present in some animals
at verious periods during the course of the experiment. This find-

ing was more merked in the dry season when tick infestation was con=-

siderably more intense, although it was found that the amount of fever

shown
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shown did not necessarily bear any relationship to the degree of
tick infestation. Thus, it would appear that the nature end indi-
viduality of the animal is concerned in the amount of fever recorded.

As will be seen from Graph No, 1, however, the milk production

was, on the whole, at a higher level during the dry season. This
would have the effect of inocreasing the metabolism of the animals end
hence increasing the body temperatures. This would eppear, in some

measure, to account for the variation in the temperatures recorded.
Because of irritation eand inconvenience incited in the parasitised
animal, together with the other findings during the course of this

work, the tick is a sericus impediment to the development of the

dairy industry.
Spraying, parasitised animals, in an arsenicel solution, causes an

acute, though temporary, decrease in milk production.

Since the period of experimentation was comperatively short, it is
difficult to draw up eny definite conclusions, but from the results
obtained, due to naturally ecquired infestations of ticks, it would
appear that considerable losses are experienced, and such results
point out the need for constant control meesures against what appears

to be one of the tropicel deiry farmer's’ worst enemies,
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Part II.
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Haem® tological Studies of the Experimental Animels.

1. Introduction,

Dairy animels, especially Bos taurus types, are fairly

heavily parasitised in the tropics. There is e constant struggle
between the host and the parasite. Existing methods of control of
these ecto-parasites, the chief of which being the Cattle Tick, are
fairly effective, but due to irregular and all too infrequent appli- "

cations of the remedy, the host appears to suffer, in no small measure,

from their raveges.

-

Workers in the States (5)'pointed out that the blood of cer-

tain enimals, similarly parasitised, appeared to be thin. This,K im-

mediately indicated that the tick might have some destructive effect

upon the cellular components of the blood. The parasite during its

life cycle spends approximately 18 days on the host. Over this period
.

it is a continuous feeder; all the stages in reaching maturity being

effected on the host, therefore, it follows that a considerable quantity

of blood must inevitebly be sucked from the nost and utilised in the

digestive tracts of the parasite.
According to Mayer (9) in en article published by the U.S.

Department of Agriculture, a replete femele tick weighs about 5 grs.,
so that 1,500 ticks of averege size will weigh 1 1lb. Approximately
ell this weight consists of blood drewn from the host during 3 to 4
deys, the period of finael engorgement of the tick. The present writer
found that roughly 25 engorged female ticks suck epproximetely 4 ccs.
of blood. This emount wes measured by squeezing all the contents of
the ticks, Therefore, if an animel is fairly heavily paresitised,

harbouring
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harbouring say 3,000 ticks, the blood extracted from the host will be
roughly 120 cecs. Where infestations ere continuous, the withdrawal
of blood is likewise continuous.

Neal and Becker (28) working in Florida with normal cattle

and cattle suffering from™Salt-Sick" disease found that there were

merked differences between the two sets of animals. In the normal
enimals the Hb, values ranged from 10.94 to 11,06 grs., per 100 mls,
of blood and in the sick animals 4.81 to 9.04 grs. per 100 mls. of

blood. They fyrther stated that in very ansemic animals the values

may be as low as 3,02 grs., per 100 mls. of blood.
Burnett (32) stated that the blood is a peculiar tissue in

that it is in intimate relation with practicelly all other tissues of

the body, bringing substances to them and carrying away other substances.
From these findings, by the workers cited above, interest was

stimuleted to endeavour to find out some facts regarding the Blood

picture of animals, suffering from & natural infestation of ticks,

2+ Review of Literature.

The literature in reference to the haematological aspect of
this work is all fairly recent and the main sources of such work act-

wally done in the tropics are the Philippines and India. Considereble

amount of work hes been done in the States on the blood pieture and
blood composition of domesticated eanimels. After an exhaustive search

of the literature, no reference wes found dealing with the blood analy-
animals.
sis of tick-infested/ Woodward end Turner (5) 1915 state ghat the

served to be thin.

However,
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However, a review of the availsble literature on this aspect
of blood analysis is not out of place here, since it has a direct bearing
on the nature of this work. For heemoglobin estimations, the writer
used the Sahli heaemoglobinometer which is essentially an acid haematin
method using & stendard conteining the seme colouring matter as is present
in the fybe containing the blood. It was pointed out by Berczeller (35)
and by Wu (36) that the colour developed in the acid heemetin method is
affected by non-haemoglobin substences in the plasma. Wu introduced
his alkali heematin method to avoid these., Ponder (24) desls with the

nature and megnitude of these errors in an article published in 1942,

In this work the materials used were either whole humen blood or packed
human red blood cell®s, the packing being carried out by spinning for

2 hours at 4000 R.P.M. and the plasma thereefter removed. The determina-‘
tions of Hb., were made at room temperéture by the acid haematin end al=-
kali hesematin mgthodq. The results obtained were compared with the re-~
sults of Hb, determinations mede by Wong's (37) Iron method, assuming the
iron content of Hb., to be 336 mg. per cent.

According to Ponder, the results obtained whow that the Sahli

acid haematin method and the Wu alkali method give results for Hb, cone-
tent ot whole blood which ere often in poor agreement with the results,
by Wong's iron method. He further states that the principel sources

of error are the long end variable time required for the full development

of colour in the hasematin methods and to the fact thet the plasma and

cells both contain substances other than Hb., which affec¢ the final

colour,

Work
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Work at the Minnesota Experiment Station carried out by
Kemcamp (18) 1933 on the use of blood anti-coaguleants, led the author
to conclude thet, while it is possible to use blood oxalete mixture

for making the various examinations included in a blood picture, the
results are likely to give velues that are significently greater or

less than the blood picture obteined from freshly drewn blood. From
his studies, the writer concluded that,as the interval of time increeses

between the drawing of the blood and the making of examinations, there

is e tendency for the Hb, values to increase and the total number of red

cells per cam, ., of blood to increase. He further states that this
finding showed no indication of uniform applicetion to eny given sample
of oxalated blood. In this work by the present writer, the above facts
were observed to teke place and as the Hb., velue increased the erythro=-
cyte count also increased, Not only are Hb, values and red cell counts
arrected by blood preservetives but 2lso by the inrluence of atmospheriec

temperatures upon the enimal itself. Work by Menresa et al., (31) 1940

in the Philippines found average values of 9.43 to 9.87 grs. per 100

ml, of blood in native breeds and 6.76 to 6.88 g/100 ml, in Herefords

and Holstein-Fresians imported from U.S.A. They considered that the

high temperature end humidity of the district tended to lower the Hb,

values and erythrocyte counts of imported pedigree cattle,

Workers in India (19) studying the composition of the Wlood
of farm enimals there, found that the values for red cells, white oel;e
and Hb, were highest in young animals end decreesed with ege. The fig=
ures quoted are for erythrocytes: 1l.6 and 8.1 millions/emm, . of blood
for growing end adult enimals respectively, 1In the cese of Hb. the

sverage velues were 14,6 and 10.9 grs/100 ml. of blood for young end

edult animals respectively.

Senkaranareyanan
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Senkarenarayenan (30) reports thet from a study of the blood

of Indian deiry eanimals, the erythrocyte count of pure Indian cattle is
far above those in the Ayrshire bull end the half-bred cows, He quotes

a mean figure of 7,5 to 9.6 mill,/emmi, of blood, while the figure for
the buffalo was the highest, that breed averaging 9.6 mills./emm, of
blood. Freser (84) 1931, working in Cambridge, gives under 7 mills,

as the average count for British cattle, while the American figure of
6.6, mills. as reported by Nicols (33) 1935 egrees with that of Fraser.
The same writer quotes figures in Austrelian cettle, for red cell counts;
the average number being 7 to 10 mills,/cmm.. of blood. It will be
observed that the figures given for Indian cows agree with the figures

given for Australian cettle.

Alleroft (20) working on the Hb. level of cows and sheep
in Englend end Weles, stetes thet the blocd of the two groups is very
similar, heving & mean value around 11.5 g/100 mls, He further states
that metabolic disorders such as "milk-fever" and "gress tetany" in
cows end "pregnency toxesemia" in ewes have no effect on the Hb. level,
Anderson et el. (21) 1930 found Hb velues of female cettle to be higher
than those of male. Mc Cay (22) 1931 steted the opposite, meen values
being 10.9 g/100 mls., of blood for cows end 12,89 grs/100 mls. for bulls.
Brooks and Hughes (29) 1932 in & study of 355 “Qagp1.g from 297 deiry

enimals found & mean of 10,96 grs/100 mls. eand steted thaet age, breed

end prolonged festing d4id not influence bhlood Hb, Miller (23) 1932

reported a range of 9.9 to 14.2 g, average 12,09 for adult cettle end e

renge of 9.6 to 18,1 grs/100 mls., average 12,0 grs. in younger cattle.

These figures are in feir egreement with those of Mullick and Pal (19)

for cattle in India.

Manresa
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Menresa and Reyes (25) 1934 report that the emount of Hb./

100 mls. of blood in Indien Nellore was 9.87 grs. Menresa, Gomez and
Sentos (28) 1939 working with Nellore cattle determined the veriestion of
Hbe during the course of 24 hours rbr a period of seven days, end found
the Hb, indices to be highest during the morning and late in the evening

end lowest at noon. They reported the average Hb, to be 10.17 grs./200
mls. of blood.

Neal end Becker (28) 1933 working in Floride on the variestions
in the Hb. content of cattle et intervels of 24 hours, claimed that the
best time to get semples for uniformity wes 1,30 p.m. Samples teken
et 8,30 a.m, were next in uniformity to those teken at 1,30 p.m. The
same workers also found, working with normel cettle end cettle suffering
from "Selt-Sick" disease in Florida that there were merked differences
between the two sets of animels, In the normel enimals the Hb. values
renged from 10,94 to 11.06 grs./100 mls.. of blood and in the sick cattle
4,81 to 9.04 grs./100 mls. of blood, They further steted thet, in very
ansemic enimels, the values may be es low as 3,02 grs,/100 mls. and &
velue as low a3 1,37 gre./100 mls., of blood hed been recorded shortly
before death.

Burnett (32) 1917 stated thet the blood may be considered as
e tissue composed of celluler and intercelluler substances. The fluid
portion is considered by him as the intercelluler substance. He further
stated that the blood is e peculier tissue in that it is in intimete re-
letion with precticelly ell other tissues of the body, bringing substaﬁces
to them and carrying ewey other substances.

The aboveé statement is further borne out in the fact thet so
much work has been done on bleod end the present writer feels that enough
hes been seid, in the foregoing review, to emphasise tha necessity of
still more expension in this field, dealing more perticularly with the
blood composition and blood picture of livestock in the tropies,

Objects



3e Objects of the Experiment.

The objects of the experiment were (a) to find out if eny

difference existed in the blood composition between animels peresitiged

by the Cattle Tick - Boophilus annuletus Sey - and animels thet were
freed end kept free of this parasite. (b) to find out what differences,
if eny, existed in the blood exeminetions mede during the wet and dry
seesons respectively end (e) to find out the neture end megnitude of
these differences, if eny.

Cwing to lack of equipment and other facilities, in the
College, when this work was commenced, it was only possible to carry out
blood examinetions at the beginning and at the end of the experimental
period. In the case of the tick=-infested group, after they had been
freed of the parasite at the end of the experimentel period, & recovery

period of 4 weeks duration was carried out and the blocod of each animal

analysed agein,

4, Technigue of Blood Sampling.

For routine blood exeminations, semples are normelly obtained

by venepuncture with & hypodermic needle. Where the examination can

be done on the spot, it suffices to obtein the blood from a skin puncture,

Since it was impossible to do the examinetions on the spot, the writer
employed the former method of drawing semples in this work, The samples
were obteined by puncturing the Jjoguler vein with a sterile hypodermic

needle, It is importent for this operation not to excite the enimel

unduly, otherwise erroneous or inaccurate results mey be obtained, there-

fore the most secure position of holding tne_annmal is of the greatest
importance. This was eccomplished by pessing & strong rope over the

horns and round the nose, while at the seme time drewing the enimel's

head
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head to one side and affixing the rope firmly to the stanchion at the

side of the stall, The animel was prevented from moving backwerds
because of the neck yoke and the iron stendards et each side of the stall
only offered & limited space in which she could move her body. To still
further decrease the animel's chance of moving esbout too much and there-
fore becoming too excited, an  assistent held the nose. A nerrow rope
was then pessed round the animel's neck and drewn tight to effect partial
stesis and consequently meke the vein stend out visibly in order to
facilitete the insertion of the needle, The skin was then treated with
entiseptic, in this case 70 per cent.alcohol, end the needle inserted
with & quick deliberate stab, - Where the blood could only be obteined
by pushing and squeezing, & fresh insertion of the needle had to be made.
Once the blood was observed to run freely from the heedle, the seample,

approximately 5 cce, was collected in a test-tube, containing .5 ccs. of
Potassium oxelate to inhibit the coeguletion of the cellular components
of the blood.

These samples, for enalysis, were drewn in the morning be-
tween 8,30 a.m., and 9.00 a.m. Neal end Becker (28) 1933 in Florida
working on the veriations in the content of cattle at intervals of 2¢
hours, found thet the best time to get samples for unirormity was 1,30

Do, They further point out that samples taken at 8,50 a.m., were next

in uniformity to those taken at 1,30 p.m. When it was not precticeble

to carry out the smalysis immedietely after drawing the blood, the samples

were kept in cold storage.

5. Apperatus and Methods Used in Blood Analysis.

At the time of commencement of this work in July, 1944,
no apparatus was evailaeble in the College for the determination of Hb.
end red cells in the blood, but through the co-operation of Dr. Pawen

the writer was esble to utilise the apparatus and other facilities at the

Government
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Covernment Bacteriological Laboretory in Port of Spain. The quota of

samples constituting the day's work were teken in the morning; the

writer then travelling intc Port of Spein to caerry out the respective
blood analysis.

The determinations for haemoglobin were done using the
Sehli haemoglobinogmeter (43) and later when aspparatus was proocured by

the College the Sehli-Heyden haegoglobinometer. Sahli's haemometer

uses 88 & standard & tube containing a fluid coloured with the same
colouring metter as is present in the tube containing the blood, and
is so calibreted that a reeading of 100 per cent is equivalent to 17.2
grs. Hb., per 100 mls, of blood. In this method the Hb, is turned to
a more steble ecid heematin by meens of N/10 hydrochloric acid.

The Sehli-Heyden haemometer is similar to the Sahli heemo-

meter. Instead of having & standerd fluid solution for coleur comperi-

over
son, & coloured glass comperator is used. This is fitted/one half

of the three windows of the scale. Before actually carrying out a Hb.
estimation, the megnifier is focussed so that the three windows are in
sharp outline. Having placed the 20 cmm. of blood obtained by the

stenderd pipette provided, in the graduated square gless tube, distilled
weter is sdded to the blood-hydrochloric acid dilution until the colour
of the Specimen, when viewed through the magnifier is nearest to a cor=-
rect metch with the central or standard coloured window,. This type of
epperatus has the edded advantage over the Sahli haemcmeter, in that,

the reading on the scale gives the Hb. estimation directly in grs. per

100 mls. of blood.

f
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For the determinations of the erythrocyte counts the Thoma=
Zeiss heemocytometer was used (43), The Thome red cell diluting pipette

1s so gradueted thet dilutions of 1 in 100 or more of blood can be ob-

tained. TFor the purpose of this work, a dilution of 1 in 200 was found
to be sufficient, The writer used Hayem's diluting fluid for the ery-
throcyte counts, Senkaeranarayanan (30) cites figures in comparison of
three diluting fluids and although no apprecisble difference was observ-
ed in the counts obtained, he stetes that citrate solution is preferable

to elther Toisson's or Hayem's because (a) it is easy to prepare, (b)

it keeps & long time, (c) it gives a clear picture of the red cells and
(d) filling and emptying the blood pipettes are easier using citrate
soclution. In this work by the present writer, Hayem's solution wes
found to give satisfactory results, no difficulty being experienced in
cerrying out the actual diluting technique.

The Thome-Zeiss heemocytometer is equipped with éh; Levy
counting chamber and the improved Neubauer ruling which faecilitated the

counting process. In this type of ruling the central square millimeter

UW!I LIBRARY ST. AUG.

is divided into 400 small squeres each of 1/400 th sq., mm. in area, The
counting chember is 1/10th mm, deep giving each small square a cubic
volume of 1/4000th cmm., In the actual determination of the number of
erythrocytes conteined in a sample of blood, the cells are counted in

5 groups of 16 smallest squares or in 80 of the 400 squares. The total
red cell count mey therefore be obtained by multiplying the number of
cells counted by 10,000 or (1/5 x 1/10 x 1/200), Therefore, in routine

blood enelysis, one adds to the cell count from 80 small squares, four

cyphers.

8. Blood Preservetion end Anticoagulants.

When it is impracticable to analyse blood samples immediately

efter drawing them, some means of storege and preservation must be pro-

vided




vided in order to obtain sccurete results. In the first plece one must

prevent the coagulation of the celluler components of the blcod. In

this work, the writer used potessium ¢xalate to inhibit coaguletion;

+5 ccs, Oof & 42 per cent solution being used for 5 eces. of whole blood.
The use of enticoagulants offers meny advanteges, particularly when
bleeding animals under field conditions. Stitt (43) recommends 2 mg.
of potassium oxalate per cec, of blood as just sufficient to prevent co-
agulation,

Senkarenerayanen (30), working with Indian dairy enimals,
pointed out that the erythrocyte count was unaffected b??ggagulants,
in his case sodium oxelate solution. He further states, however, that
structurel changes in the cells were noted: the red cells becoming cre-
na ted. Semples should be analysed within 24 hours after bleeding for,
if the period be lengthened, inaccurete results are obtained (30, 18).

However, from the results cited by Senkaranerayanen it may be concluded
thet fresh oxalated blood can sarely be used for erythrocyte counts and

Hb, estimations. Kerncamp (18) states that while it is possible to use

blood oxalate mixture for meking the various examinetions included in

e blood picture, the results are likely to give velues that are signifi-
cently greater or less than the blood picture obtained from freshly drawn
blood. He stetes, however, that the interval of time between drawing
the blood and meking the exemination is more importeamt, emd @s this in-

creases there is a tendency for the Hb, values to increase and the number

of red cells per cmm , of blood to inecrease., In this work, the writer,
as far as was possible, analysed the samples immediately after drawing

them., On occesions, when this was imprecticable, the tubes, containing

the blood oxalate mixtures, were kept in cold storage.

74 Results Obtained
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7 Results Obtained,

Blood samples of each animel were anaiysed at the beginning
and at the end of the experimental period, which lasted for 10 weeks.
In the case of the tick-infested animals, after being freed from ticks
at the end of the 10 week period, & recovery experiment was conducted
lasting a period of one month, At the end of this month the animeals
were bled again end the blood samples analysed., Results, following the
ebove procedure, were recorded both in the wet and dry season trials.
The results for Hb, were obtained in the wet season using the Sahli
ecid heemetin method, and in the dry season using the Sahli-Heydn acid

haematin method.
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Tick=infested Group.

Table 10,

WET__SEASON.

Name and No,

grs, Hb. per 100 mls. of Blood

Erythrocyte °°“Bio%3 Millions per cmm, of

ples taken | Samples taken | Samples taken || Samples taken | Samples Taken Samples taken
at start of at end of 10 | at end of 4 at start of at end of 10 at end of 4
experiment, week period | week recovery experiment week peried week recovery
period period
Crystalline 1, 8.2 7ol T.7 4,81 4,08 4,5
Laurie IT 2. 9.2 8.6 8.9 5.9 4.8 5.7
Isabella Se 9,6 8.9 9.4 5.9 5.1 0.1
Soozee II 4, 9.5 9.3 9.4 6.2 6.1 6.1
Electra 5. 9.8 9.4 10.6 5.80 5.7 6.5
Amelia T 6. 10.0 9.6 9.9 5.8 5.5 5.8
Shiama ITIT T 10.9 10.6 11.0 6.3 6.2 6.4
Jaiphallia III 8, 11,6 11,1 12.5 646 6.5 7.8
MEAN 9.85 9.32 9.92 5.9 5.5 6.1

Table 11.



Tick=free Group.
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Teble

11,

WET SEASON.

Name and No.

Erythrocyte Count in mil-

of blood

grs., Hb, per 100 mls.
of blo

Semples taken
at start of

Semples taken
et end of 10

Semples taken
at start of

er cmm,
-

Samples ta-
ken at end

experiment week periocd experiment of 10 week
period
Beby 7.1 7.4 4,18 4,62
Belle IV 2. 9.9 10,3 5.8 5.5
Nymph III Se 10..0 9.9 5.8 5.8
Mathilde 4, 10,1 10,3 0.9 6.4
Nancy Lovell II S 10,3 10.8 6s1 643
Amelia II B 10.8 11,1 6.3 5.9
Ruby IIIX 7. 11.0 11.6 65 645
Josephine III 8. 1l.8 12,9 8.5 6.6
MEAN 10.1 10,5 5.9 5.95
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Diagramatic Representation of Hb, analysis of Cows
of Tick«Infested Group drawn to Scale 1" = 10 wks.
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Tick-infested Group.

Table 120

DRY SEASON.
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grs. Hb, per 100 mls. of Blood.

Erythreyte Count in Millions per cmm. of

blood
Name E Samples taken | Samples taken Samples taken { Samples taken |Samples taken | Samples taken
| at start of at end of 10 at end of 4 at start of at end of 10 | at end of 4
= experiment week period week recovery experiment week period week recovery
period period
Moondaree 1. 9.8 9.8 9.8 6.4 6.7 5.1
Belle II 2. 8.2 7.3 8.2 5.4 5.3 5.9
Kimp, Se 11.2 7.4 7.8 6.7 5.2 5.3
Baby 4, 7.8 7.6 8.0 5.5 Se4 5.4
Crystalline 5. 6.8 7.2 8.0 4.7 5.1 5.3
Crystal 6. 7.7 8.3 10.0 5.5 6.2 6.0
Cinderella e 8.1 8,1 8,2 6.1 5.8 5.8
Jaiphallia IV |8, 8.8 7.6 8.0 6.4 5.4 5.6
MEAN 8.6 7.9 8.5 5.8 5.7 5.6




Tick-free Group.

zable 13,

DRY SEASON

|

f:.
!

grs. Hb., per 100 mls, of

Erythrocyte Count in millims

p— :

Blood per cmm, of Blood

|

Name Samples taken | samples taken || Samples taken | Samples ta=

at start of at end of 10 at start of ken at end

experiment week period experiment of 10 week ’

period |
Jaiphallia TIII 8.7 11.4 6.2 Te7
Laurie IT 9,2 11,2 6.3 7.5
Isabella 8,0 8.5 5.3 6.4
Soozee II 8.3 8,0 5,9 5.8
Amelia IIX 10,0 12,0 6.5 6,8
Phoolwantia II 10,0 10.0 6.4 6.8
Gladys II 11,1 11.4 6.7 7.8
Shiama III 8,3 7.9 5.9 6.5
MEAN 9.2 10.1 6.2 6.8

r
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GRAPH NO., 5.

Diagrampfatic Representation of Hb, Analysis of Cows of
Tick-infested OGroup drawn to Scale 1%"= 10 weeks.
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8. Discussion of Results.

The effect of tick-infestation, upon the blood of peresitised |
enimals, appears to be primerily a haemolytic effect. Over the 10
week trial period in both the wet and dry seasons, the mean erythrocyte
count shows a reduction, in each case, from the mean figure recorded
at the start of the triels. Although this reduwetion is not greaf, it

will be observed that, when the animals were freed from ticks at the
end of the 10-week period, the mean erythroecyte count, for the same
animels, after 4 weeks recovery period shows, in the wet season trial,

& considerable rise, while in the dry season trial the mean figure is
mainteined. Allowing for the shortness of the experimental period and
that of the recovery period, the results recorded show a definite trend
in the direction; whence the haemolytic effect of the tick, upon the
blood picture suggests itself,

By reference to Table 11, it will be observed that with the
tick-free group, the mean figure for red cells, over the 10 week trial

period, increased from 5,9 millions per ecmm.of blood to 5,95 mills, per

cam, of blood. A similar effect was recorded in the dry seeson trial
where the meen figure increased from 6.2 to 6.8 mills. red cells per camm
of blood (Teble 13), Thus, those figures, in some measure, would ap-
pear to substantiate the apparent observation, that a tick infestation

has the effect of destroying the red cells in the blood of parasitised

animels.

The figures for Hb, are more interesting. When the results

recorded in Tables 10 & 12 are compared, it is observed that the mean

values for Hb., ere higher in the wet season, when tick-infestetion was

not so heavy, Over the l0=week triael period in the wet season a dif=-

Hb, per 100 mls. of blood between the meen values is

grs.
season a difference of »7/Hb. exists between

ference of .55 grs.

recorded, while in the dry

the mean figures obtained over a similar period of time. It will also

be observed that the mean values rise again after the four weeks rec§v-

o ¥
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ery period. In the wet seéson the mean value for the group inereased
from 9.3 to 9.9 grs. Hb. per 100 mls. of blood and in the dry saason
the meen value increesed from 7.9 to 8.5 grs. Hb, In each case this
represents an increase in the mean figure for the group, of o6 grs. Hb,
per 100 mls. of blood.

On exemination of the results recorded for each enimel in the
wet seascon trial it will be observed that, in every case, a2 decrease
in the amount of Hb., over the 1l0-week exberimental period, is recorded,
eand after the 4 weeks recovery periocd the Hb, index was observed to in-
crease for eech animal, This increase, as will be seen from Teble 10,
is by no means uniform. The highest increase :eoorded was thet in the
case of Cow No, 8, which showed an increase of 1.4 grs. Hb. per 100 mls.
of blood over the 4 weeks recovery period. On the other hand, the lowest
increase recorded was that in the case of Cow No, 4. In this instance, |
an inecrease, over the figure obtained at the end of the 10-week experi=-
mental period, of0.1 grm. Hb, per 100 mls., of blood, being recorded.

The respective Hb, indices, for each of the tick-ingested snimels are
represented diagramfatically in Graph 4 when the effects can be more

clearly observed.
In the dry season trial, the tick-infested cows, with the ex=-

ception of two, showed & decrease in Hb. over the 10 week experimental

period. From the results ohteined, after the 4 weeks recovery period,

all the enimals egain recorded an increese in their respective Hb, in=-

dices. The highest increase recorded was that in the case of Cow No, 63

en increase of 1.7 grs. Hb. being observed. Cow No, 1 was observed to

meintain her original Hb, level throughout the 14 weeks of the experiment,

Kimp, Cow Mo. 3, which became feirly heavily infested, shows a very acute
» -

per 100 mls. of blood being recorded

decrease in Hb,, a drop of 3.8 grs.
Belle II end Baby, also feirly heavily infested, 4o not
shOw

in 10 weeks.
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show any acute decrease in Hb, Thus, it would appear thet the neture andé

1ndiviguality of the animel, in eddition to the effects produced by tick
infestetion, is concerned in the results recorded, Greph No. 5 shows
the diagramatic representetion of the results. It is difficult to

understand why Cows 5§ & 8 showed an increase in their respective Hb.
indices during the l0eweek trial period. Both animals were moderately
infested end it would eppear that immunity end tolerance to the effects

of tick infestations, were present in these enimals to a greater degree

then in the other animels, which were similarly parasitised. After

being freed of ticks, however, the increase in Hb, in each cese, over
the 4 weeks recovery period, was fairly considerable sand showed & relae=-
tively quicker rise then it did during the actual trial period.

The tick-free enimals, during the wet seeson trial, showed
thet they not only meinteined their Hb. level, over the 10 weeks, but
actually increased it. The mean figure for the group was, at the stert,
10.1 grs. Hb, per 100 mls., of blood and after 10 weeks free from tick

infestation the mean figure recorded was 10,5 grs. Hb., per 100 mls., of

blood. A similsr effect was recorded during the dry season trial. From

}
q

i
|

e mean figure of 9.2 gre. Hb. at the commencement of the work, the animals,

by the end of the 10 week period recorded & mean figure of 10,1 grs. Hb.,

showing an increase in the mean figure of .9 grs, as against .4 grs. Hb.

per 100 mls. of blood in the wet Season.

9. Summary and Conclusions.

1. A study of the blood of 18 tick-free end 16 tick-infested dairy

animals under Trinided conditions is herein reported.

3-. The observations and results cited were teken from experiments

conducted in both the wet abd dry seasons.

De The
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3. The mean Hb, velues were higher in the wet season when tick infes- I

tation was not so heavy, i

4, Over the 10-week triesl period in the wet season, & difference
of .53 grs. Hb. per 100 mls. of blood existed between the mean
values, while in the dry season the difference recorded was ,7

grs. Hb. per 100 mls. of blood over & similar period of time.

8. During the experiment in the wet season, all the tick-inrested
enimals showed an increase in the Hb, index after a four weeks

recovery period, during which they were free from the parasite,

A similer effect wes observed during the dry season, all the tick-
infested animals showing an increase in the Hb, index after the
recovery period.

6 This recorded increase was not uniform over the group but varied
with eech enimel: a renge of from l.4 to 0,1 grs. Hb, per 100
mls, of blood being observed in the wet seeson and from 1,7 to 0
grs, Hb, per 100 mls, of blood in the dry season,

7 In the case of the tick-free animals, the results for Hb. showed

thet they not only meinteined their initial level over the 10 weeks
experimental period, but an increese in the amount of Hb. per 100

mls. of blood wes sctuelly observed, when the mean figures are com=-

pared in both the triels.

Over the 1l0-week trial period in both seasons, the mean erythrocyte

8.
count showed & reduction, in eech case, from the mean figure rgcord-
ed at the start of the trials.

Qe The main conclusion thet can be drewn from the results obtained

herein, is that, the blood composition eppears to be coneiderebly

affected by tick-infestetion; these results indicating the heemo=-

lytic effect of the tick on the red blood cells and consequently

upon the Hb, of the blood. Recommenda




10,

1.

Recommendations.

In the event of such experiments, demonstreting the effects of the

Cattle Tick - Boophilus annuletus Say - on the dairy cow, being
repeated, it is suggested that the trials be conducted for & min=-
imum period of 18 weeks. Over such a period of time, results should
be of such a nature that definite conclusions could be made as to

the magnitude of the effects, found to occur by the present writer.

That further experiments be carried out in an attempt to prove the
apparent heemolytic effect of the tick on the red cells of the blood.
It is suggested that urine enelysis be carried out to detect the

presence of excessive bile pigments.

Should the effect be proved to be haemolytic, investigations should
be conducted to determine whether the tick itself is responsible or

whether the haemolysis is due to an infectious egent e.g. protozoan

ér virus in nature, trensmitted by the tick,
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13, Appendix I.

Observetions Regarding the Tick Problem in Jameice.

In April 1945, the writer.visited Jemeica end was therefore sble
to obtein first hend information concerning this problem there. Since
the livestock industry is of great importence in Jemeica, it is thought
edviseble to give a brief sccount of the tick problem and the measures
in use for the control of this pest in that Islend. From observations
made on the many deiry and beef herds all over the islend, it appeared
to the writer thet e good control of this parasite was being effected.

The smeller farmers owning e hundred or less hesd of cattle employ

a2 hand spreying machine to =dminister the dip - in their case usually
Cooper's Cattle Dip. The larger farmers employ the dipping vat as the
meens of applying the remedy. It is pointed out (13) thet where céttle
ere to be completely freed of ticks, the use qf the dipping vet is the

cheapest and best means of epplying the dip. The liquid used in the
dipping tenks is the Standard Departmental dip end it has been found to

be highly efficient. It is essentially a Pareneph and Arsenic wash,

the specific mixture being:- 2 1lbs. aréenite of soda, 3 lbs. Paranéph

end 100 galls. of water. The dipping process is carried out once every
14 deays. Reinfestations of the paresite were, however, observed to

be fairly rapid end a trece of nicotine was introduced into the dip. This

mixture proved very effective as a control end consequently the tick popu-

letion wes considerebly reduced.

Although sporedic ceses of tick fever occur in the Islend, greet

cere 1s teken to infer an immunity to the effects of the tick in young

valves, by ellowing them to acquire & slight degree of tick infestation.
' .

On the whole, the problem in Jemeice sppears to have been given a great

. deal .
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deal of attention and the writer wes fevourably impressed with the
results obtained. The cattle, both dairy and beef breeds appeared

in good bodily condition end did not seem to be upset by the few

ticks they did herbour.




Daily Weights of All Animals

AFPPENDIX II

Table 14,

in lbs. for Period 3rd to 9th July.

July July July July July July July

drd 4th 5th 6th 7th 8th 9th
Belle IV 966 962.5 962 934,5 938 973 973
Josephine III 878 870 904 868 889 868 882
Amelia II 913.5] 908.5 931 764 966 945 924
Nymph III 871,5| 878 850.5 857.5 865.5 826 850
Mathilda 798.0| 840 843,5 812 847,0 8l2 822,5
Ruby III 700 700 705.5 686 728 707 69645
Baby 770 752 784 749 76645 7665 | 777
Nancy Lovell II 763 777 794.5 763 801.5 766.5 | 805
MEAN WEIGHT 832,5] 855.8 846.6 804.5 850.2 833,0 |84l.2
Electra 644 651 654.5 637 658 661.5 651
Laurie II 791 798 791 787.5 798 756 777
Shiema III 895 868 864,95 854 896 854 826
Soozee II 731.5( 763 731.5 731.5 759.5 731.5 745.5
Jaiphallia III 1008 1029 1000 980 1022 994 976.5
Amelia I 903 924 896 910 913,5 | 882 882
Crystalline 813.5| 8086 812 770 805 784 808.5
Isabella 1011.5| 997.5 987 973 1018,.5 | 973 962,.5
MEAN WEIGHT 849.,7| 854.5 842,0 834.8 | 858,8 829.5 | 828.8




Daily Weights of

70 =

Table 15

All Animals in lbs.

for Period July 28th to August 3rd.

Bl e ] el
Belle IV 959 | 924 931 938 952 930 889
Josephine III |896 | B854 885.5 | 878.5 | 868 892.5| 854
Amelia II 896 | 917 900 903 882 931 924
Nymph III 840 | 840 875 847 819 854 890
Mathilda 850.5 | 832 850.5 | 826 854 868 861
Ruby III 714 |689.5{ 707 707 707 714 710.5
Baby 798 | 770 777 770 794.5| 812 791
Nancy LovellII |787.5 | 770 794.5 | 763 773.5| 787.5| 784
MEAN WEIGHT 842.6 | 824,5| 840,0 | 829.1 | 831.2 | 848.6| 837.9
Electra 658 | 659 672 865 672 872 693
Laurie IT 756 | 777 777 784 780.5 | 777 826
Shiama III 840 | 847 833 826 826 875 862
Soozee II 756 | 735 728 749 756 749 791
Jaiphallia ITT f987 |987 {1001 {1004.5 {1008 | 1001 | 1022
Amelia I 906.5 | 875 896 878.5 | 896 889 924
Crystalline 784 |780.5| 798 798 794.5 | 812 805
Isabella 959 | 940 966 966 930 973 | 1001
MEAN WEIGHT 830.8 | 825.0| 833.9 | 833,9 | 832.,9 | 843.5| 868




Table 18.

Daily Weights of All Animals in lbs. for Period Sept. 3rd to 9th,

Sept.| Sept. Sept. Sept. Sept. Sept. Sept.

ard 4th S5th 6th 7th 8th 9th
Belle IV o097 1015 987 980 994 97 997
Josephine III | 882 | 875 896 861 896 896 890
Amelia II 1008 980 987 962 903 914 920
Nymph III 882 868 896 850 861 865 873
Mathilda 882 868 ] 882 857 896 896 872
Ruby III 717 721 742 728 742 744 744
Baby 819.5] 914 840 819 847 801 866
Neancy Lovell I{ 773 805 882 784 798 798 802
MEAN WEIGHT 870,04 880.2 889.0 855.1 867.1 866.7 870.5
Electra 675.5] 679 686 672 6886 679 8677
Laurie II 742 826 833 828 828 847 843
Shiama III 910 847 858 847 8&1 82% 836
Soozee II 809 784 784 714 822 812 801
Jaiphallia IIT ]1078 1036 1050 1060 1057 1035 1044
Amelia I 940 952 924 936 917 980 | 974
ICrystalline 840 812 826 829 819 794 807
Isabella 987 980 1001 973 973 952 954
&E&N WEIGHT 872.7]| 864.5 871.5 857.1 870.1 865.,7 867
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APPENDIX III. Table 17

Individual Records of Experimental Cows by 7-day Periods.
Tick-free Group. WET SEASON

S LBS. Milk Preduction for 7-day Perlod endings-

8/7/44 | 15/7/44 | 22/7/44 | 20/7/44 | 5/8/44 | 12/8/44 | 19/8/44 | 26/8/44 | 2/9/44 | 9/9/44
Baby 111,56 121 138,5 151,0 158,256 | 145.26 167,76 144,75 150.5 168,25
Nancy Lovell II | 96,5 101.25 87.0 80.0 85,75 69.5 62.26 48.5 43.0 32,75
Amelia IX 69.25 50.5 54.5 43,75 42.5 35.0 30.0 17.5 8.75 4.0
Nymph III 127.256 | 117,76 90,0 106,75 121,75 | 108.5 112,5 106.0 101.25 | 100.5
Mathilda 89.25 | 82.5 88.75 85,25 91.0 82,25 78,25 74,25 85.25 | 68.0
Josephine III 107.75 | 107.25 92.0 90,75 89.75 | 103,75 ‘93,25 88.25 79.25 85,5
Ruby ITII 103,75 | 101.75 94,5 92.0 91.5 81,75 83,75 80.75 80.5 78.5
Belle IV 89.25 93,25 97.25 85.0 84,0 84.0 89,0 73.0 69.25 74.75

= === =SS NN

Tick-infested Group:

Laurie II 110.5 103,5 110.25 116.0 105.25 97.0 85,5 82.25 75.0 75.5
Amelia I 111,26 | 108 105,5 110.0 95.0 92,0 94.0 94,26 87.75 89.25
Isabdla 126,75 | 113 126.5 126,25 127,756 | 119.25 112.5 104,25 89.5 96.0
Soozee 74,75 68,0 67.0 51.5 43,0 41.5 29.25 25,0 18.6 5.5
Crystalline 87.75 | 101,75 94.25 96,25 96.5 99,25 90,0 87.75 74.5 82,25
Jaiphallia III 80.5 74.5 60.5 50.0 50,6 24,75 12,25 5.0 4.0 4.0
ghiema III 114,75 | 114.26 121.25 130.0 121.76 | 118.5 115,25 111.25 109,25 | 115.5
Electra Clarks 99.5 95,75 96.0 98,0 100,0 86,5 81.5 77.5 71.0 72.0
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Individual Records of Experimental Cows by 7-day Periods.

Table E-

Tick-free Group. -DRY SEASON
Cows 1BS. Milk Production for 7-day Period endingse
24/2/46 | 3/3/45 10/3/45 | 17/3/45 | 24/3/45 | 31/3/45 | 7/4/45 14/4/45 | 21/4/45 | 28/4/45

Laurie II 109,5 106,0 110,0 108,25 117.0 106,75 95 98.25 98.75 89.75
Isabella 91.5 94,0 96,25 101,5 109,25 93,75 92.5 90.25 91.5 85.5
Soozee II 114.0 117,56 110.75 115,5 128.0 111.5 105,25 109.0 100,0 104.5
Amelia II 48.25 61.5 47,25 44.0 47.5 42,75 40,0 42,0 39.0 42,0
Phoolu;ntia IT | 147.5 143,25 148,5 144,75 149,75 | 138.0 130,25 127.75 117.0 121.5
Gladys II 111,56 114.0 111.5 113,75 127.5 105.5 100,25 105.5 97.5 99.0
Jaiphallia III | 220.5 220,75 224.5 213,25 214.5 187.0 186,25 189,75 180.5 167.0
Shiama III 57.5 56,25 56.0 32.0 44,0 42.25 25.0 30.0 36.0 26.0
s =5 ssmsase st = 2T I I FE SRS

Tick-infested Group: o

Jaiphallia IV 109,0 107.5 101.0 106.5 . | 111.6 111.25 96,25 102,0 74,75 84.5
Cinderella 56,0 60.5 61.75 49,5 45,75 45,0 33.0 29.75 12,0 11,0
Crystal 166,75 | 149.0 139,25 168.5 166.75 | 157.5 138.75 154 132.0 131.5
Crystalline 45,5 47.0 36.0 14,0 13,0 13.0 12,0 12,0 11.0 10.0
Baby 125.75 | 123.25 126.5 132,75 137.5 140,56 111.0 106,75 103.5 99.0
Kimp 180,0 170.25 184.5 193,25 189,25 | 181.56 | 158,25 165,5 137.5 133.0
Belle IT 105,0 105.5 98.5 105,75 116.5 107.5 88.5 89.25 88,0 87.0
Moondaree III 93.0 88,5 74.0 85,75 94.0 89,5 83.5 83,75 77.75 77.5




