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ABSTRACT 

The objectives of these studies were to evaluate 

selected systemic insecticides for control of the sheep bot 

fiy, o estrus ovis, gastrointestinal nematodes and the sheep 

ked, Melophagus ovinus% in lambs and goats, and at the same 

time quantify bot fly larval damage in lambs to^ the extent 

that conclusions could be drawn regarding the economics of 

their control. Five trials were performed on Navajo lambs, 

ewes, and goats to this end. 

In trial 1, groups of five bot-infested lambs and 

goats were treated with various formulations of systemic 

insecticides to screen for bot activity. Larval counts 

after sacrifice indicated that crufomate (Ruelene®) as 
/ 

(R) 
drench, feed-additive and pour-on formulations, Tiguvorf07 

drench, and coumaphos (Co-Ral® ) as a dip gave good reduc

tions in bot numbers in lambs. Goat infestations with bots 

were too low to yield significant results. 

In trial 2, crufomate in the Ruelex® drench 

formulation was given at various times to three groups of 

100 of a 'tOO-lamb flock in a southern Arizona feedlot 

between October and January. At slaughter in March, head 

examinations showed very good control of larvae in treated 

groups. Comparison of growth rates and carcass evaluation 

data between treated and non-treated groups, however, 

x 
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showed no significant production loss in the bot-infested 

lambs. 

In trial 3» the animals of trial 1 were studied for 

systemic insecticide activity against gastrointestinal 

nematodes* Nematode counts from the abomasa and small 

and large intestines of the sacrificed animals showed that 

(8) 
crufomate, coumaphos dip and Maretiir-/feed additive gave the 

best control. 

In trial 4, fifty ewes on the Navajo Indian Reser

vation received Maretin drench at 50 mg/kg. Fecal egg-per-

gram counts prior to, and for one month after, treatment 

showed that treatment gave significant control of gastro

intestinal parasites. 

In trial 5* sheep ked control by Dursban® was 

compared with that of ronnel. Wettable powder and 

emulsifiable concentrate Dursban spray formulations were 

applied at 0.0125% and 0.05% to groups of 25 to 50 ewes on 

the Navajo Indian Reservation. Ked counts for one month 

following treatment were compared with a group sprayed with 

0.25% ronnel emulsifiable, and a control group. All 

Dursban formulations except the 0.125% emulsifiable, 

equalled or surpassed the ronnel control. 

These results confirm those of other workers 

showing that systemic insecticides are active against a 

wide range of parasites. Since, however, it was not 

economical to-treat for bot fly infestation in the feedlot 
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and there are cheaper anthelmintics than crufornate, it is 

suggested that, under conditions similar to those of these 

trials, systemics should not be recommended for control of 

bot fly or nematodes alone. Where the bot, gastrointestinal 

nematodes and sheep ked occur together in a flock, a 

different set of economic parameters exists and a systemic 

treatment, effective against all parasites, may be adminis

tered alone, or once in an anthelmintic regimen. 



INTRODUCTION 

The literature indicates that the sheep bot fly, 

Oestrus ovis Linnaeus, is very widely distributed in sheep 

flocks of many countries and that its range and infestation 

intensity are increasing. The damage caused by the bot has 

been characterized and described, but the economic impor

tance of this damage is not clear. 

Recent studies have indicated that large scale 

reductions in infestations are possible using organophos-

phate systemic insecticides. With the possibility of large 

scale parasite control programs it is necessary to determine 

the conditions under which such a program is justified, and 

the amount of economic return a sheep grower could expect 

from the effort. This study was initiated to examine a 

number of systemic insecticides as candidates for use in a 

control program and to .determine whether such a program is 

economical in lamb feeding operations in southern Arizona. 

The two principal trials of this study were to: 

1. Screen a number of systemic insecticides on the 

sheep bot fly larva in small scale trials. 

2. Evaluate the most successful insecticide formula

tion for its effectiveness in field control of the 

parasite and at the same time evaluate production 

loss in lambs attributable to known levels of bot 

1 
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infestations. In this way the cost of the treat

ment could be compared with the value of the 

reduction of loss due to the treatment. These two 

studies with the sheep bot fly, its importance and 

control, are presented in trials 1 and 2. 

In conjunction with the two principal studies, 

three minor studies were conducted. Trials 3 an{* 4 con

cerned internal parasites of sheep and their control with 

systemic insecticides. In trial 3 the effects of the 

systemic insecticides being screened for bot fly toxicity 

were noted on internal parasites. Trial 4 was a field 

trial to determine the internal parasite infection levels 

and control in a flock of sheep on the Navajo Indian 

Reservation in northern Arizona. The third minor study, 

trial 5, also conducted on the Navajo Indian Reservation, 

was to determine levels and controls of the sheep ked, 

Melophagus ovinus. 



ECONOMIC IMPORTANCE AND CONTROL OF THE SHEEP BOT FLY 

Review of Literature 

Description and Life Cycle of the Sheep Bot Fly 

Historical aspects of the discovery and description 

of Oestrus ovis Linnaeus have been reviewed by Rogers 

(1967)• From several sources he provided the following 

generalized description of the insect. 

The first instars are about one millimeter 
when deposited, and grow to about five millimeters. 
They have a segmented body consisting of 11 
segments, two buccal hooks, two posterior terminal 
spiracles, and minute backward-directed spines on 
the ventral surface. During this stage, however, 
none of the features are [sic] distinguishable 
without the aid of a good hand lens or microscope. 

The second instars range from five millimeters 
to about fifteen millimeters in length. The 
terminal spiracles are now clearly and easily seen 
with the unaided eye. Other characteristics are 
also well defined. The abdominal spines are 
pronounced, and the exoskeleton is creamy-white 
and translucent, permitting the internal organs 
to be seen vaguely. 

The third instars range from approximately 
fifteen to twenty-five millimeters in length, and 
mature larvae are about eight millimeters wide. 
Larvae of this stage are yellowish-white, and have 
lost their translucent appearance. Third instars 
are convex dorsally and slightly concave ventrally, 
with an acute anterior end and obtuse posterior 
end. All segments except the first and last have 
a transverse dorsal band which becomes progressively 
darker with maturity. Ventro-laterad to the trans
verse bands is a black dot on each segment. Col
lectively these appear as a dark line along each 
side* The ventral spines become very dark and 
heavily sclerotized with maturity. 

. . . adult flies are bee-like in appearance, 
with irregularly placed black spots on a 

3 



k 

yellowish-velvety background. They are robust 
flies measuring about twelve to fourteen milli
meters in length . . • the adults have no 
functional mouthparts and are unable to feed. 
The flies seem to limit their activities to 
p r o p a g a t i o n  o f  t h e  s p e c i e s  . . . .  

The duration of the life cycle varies with the 

climatic conditions and the age of the host. The number of 

generations per year depends on the locality. In the 

United States, Rogers (1967) postulated two generations per 

year in Kentucky. 

Cobbett (19^0), Cobbett and Mitchell (l9^l)» and 

Peterson, Jones, and Cobbett (1958) discussed the habits of 

different stages of the parasite under southwestern United 

States conditions. In the areas- of high elevation of 

Arizona, New Mexico, and Texas, the adult fly was active 

from April until the first killing frost in October. The 

female deposited larvae on the nostrils and upper lips of 

sheep and these larvae quickly migrated into the nasal 

cavity. The first instars were usually found in the mucus 

of the membranes of the nasal septum, nasal meatus, and 

turbinate bones. Within the nasal cavity the first instars 

grew from about one mm in length to about four or five 

mm. Cobbett (19^0) reported that the first instars did not 

always develop at the same rate and could take from two 

weeks to ten months before ecdysis. 

When a larva .has developed two terminal spiracles 

it has reached the second instar and will have penetrated 
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into the deepest recesses of the nasal cavity, often 

between the processes of the ethmoid turbinates or in the 

frontal sinuses. During this stage larvae grow to a length 

of between five and 13 mm (Cobbett 19^0). 

The second instar larvae undergo ecdysis and 

complete development in the frontal sinuses and in the 

ethmoid region of the nasal passages (Peterson et al• 1958) 

and become third instars< These may mature within two 

weeks, but require^ more time under sub-optimal conditions. 

At maturity the larvae leave the frontal sinuses and 

migrate to the nasal orfice whence they drop to the ground 

to pupate. As the third instars leave the frontal sinuses 

second instars take their place (Peterson et al. 1958)* 

Once the third instars have dropped and burrowed 

.into the surface litter or loose soil they shrink to one-

half their size and pupate (Curtice 1890). The pupation 

time varies, but Mitchell and Cobbett (1933) obtained 

emergence at constant room temperatures in the laboratory 

after 18 to 22 days, while Peterson, Meleney, and Cobbett 

(i960) reported a mean laboratory pupation time of 38 days. 

Rogers (1967) showed that environmental temperatures in

fluenced the percentage of flies pupating, the duration of 

pupation, the percentage of adults emerging and the 

longevity of adults. 

Adult flies are capable of mating within minutes of 

emergence (Cobbett and Mitchell 19^1) and although unable 
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to feed, they can live up to thirty days. Mean adult life 

spans have been recorded varying from eight days (Cobbett 

and Mitchell 19^1) to thirteen days (Rogers 1967) in 

laboratory studies. 

In areas of the Southwest where winter temperatures 

are moderate, Cobbett and Mitchell (19^1) reported that 

larvae continued to develop in the heads of sheep and were 

expelled as mature larvae all year round. In areas at 

higher elevations where winters are cold, larval development 

in the heads ceased during the fall and winter. Larval 

survival was assured in these areas by overwintering in a 

quiescent, minute first instar stage on the nasal mucosa in 

the heads of sheep. The first instars did not migrate to 

the frontal sinus of the host animal until the following 

spring or summer. Under favorable conditions during the 

summer, Cobbett and Mitchell (19^1) transferred larvae from 

gravid female bot flies to the nasal passages of sheep. 

Some completed larval development and left the host in 25 

to 35 days, some developed less rapidly under the same 

conditions, while others remained in the host up to nine 

months. 

Evidence indicates that an average female bot fly 

may be capable of infesting many sheep with larvae. Cobbett 

and Mitchell (19^1) dissected eighteen gravid flies and 

found an average of 500 larvae per individual, a number 

confirmed by Pfadt, De Foliart, and Robb (1953)* Within 
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the head of sheep, however, there is considerable natural 

mortality of larvae at various stages. Rogers (1967) 

showed -in natural fly populations from Kentucky that from 

6.17 to 7.03 per cent of first generation larvae and from 

0.88 to 1.46 per cent of second generation larvae survive 

to the adult stage. The number of second and third instar 

larvae that can survive in the head may be limited by the 

room available in the frontal sinuses. Meleney, Cobbett, 

and Peterson (1962) reported the not uncommon condition of 

third instar larvae becoming trapped and dying in the 

diverticula of the dorsal turbinates. 

In discussing the incidence of the bot in New 

Mexico sheep, Peterson et al. (1958) mentioned that the 90 

to 95 per cent infestation in adults was somewhat lower in 

lambs. Meleney et al. (1962) explained: "Young lambs are 

agile enough to avoid deposits of larvae by the questing bot 

fly, and during periods of intense fly activity may be ob

served hiding their noses in their dams' wool." 

Distribution and Levels of Infestation of the Sheep Bot Fly 

Only cursory scanning of the literature is required 

to find that the bot is recognized as a sheep parasite of 

worldwide significance, being present wherever sheep have 

been extensively established. Cobbett and Mitchell (19^1) 

found 96 per cent infestation in sheep of the southwestern 

United States, while in 1962 Meleney et al» reported 91 per 
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cent infestation in the same area and state, "Since a 

large majority of the mature sheep examined were infected, 

all sheep would probably at one time or other play host to 

the larvae of 0_. ovis." An incidence of 50 per cent in

festation in sheep, with an apparent infestation rate of 

over 96 per cent in lambs between August and May, has been 

reported from western Canada by Fallis (19^0). Roberts 

(19^0) and Smith and Young (1959) reported a widespread 

infestation in Queensland, Australia, whereas Bashakov 

(19^7), Brodskii (19^1), and Sapagov (19^7) made mention of 

widespread infestation in Uzbekistan, U. S. S. R. An 

analysis of reports from field veterinarians and enquiries 

from farmers between 19^0 and 19^2 led Du Toit and Fiedler 

(1956) to believe that infestations were not only wide

spread throughout South Africa, but increasing in range and 

severity. Other countries reporting sheep bot fly occur

rence include New Zealand (G. A. H. Helson, unpublished 

material), Nigeria (Unsworth 19^8, 19^9)» Mexico (Chavarria 

and Carrillo 1959), France (Lapierre and Pette 195^)1 Spain 

(Fernandez 1955)} and North Africa, especially Algeria 

(Sergent 1952). 

Damage Attributable to Bot Fly Infestation in Sheep 

The damage caused in sheep by the bot fly has been 

variously described. Several writers attempt to attach 

economic significance to infestations but few are 
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satisfactorily quantitative in their statements. According 

to Lucker and Foster (195®) the catarrhal discharge in 

sheep resulting from the irritation of the nasal mucosa by 

the bot fly larvae can become severe. Mucus is increased 

in response to the irritation and when excessive may inter

fere with normal respiration and smelling. Rogers (1967) 

reviewed literature describing the presence of larvae on . 

the front surface of the brain producing inflammation of 

the meninges. Marsh (1965) reported staphylococci and 

streptococci causing meningitis in abcesses resulting from 

mature larvae dying in the frontal sinuses. This damage to 

the brain, while reported, does not appear to be common. 

There are differences of opinion as to the serious

ness of the bot as an economic pest as noted by Du Toit and 

Fiedler (195&) in South African and worldwide literature. 

They believe, however, that there is a gradual but sustained 

increase in bot fly incidence in sheep raising countries and 

say, 

. . . many—observers hold that the constant irrita
tion produced by the cuticular spines and oral 
hooks of the larvae, together with certain toxic 
substances excreted by them, profoundly affect the 
well-being of infected animals and that the in
fection should be regarded in a serious light. 

Cobbett (19^0) found that "The clinical symptoms in sheep 

infested with grubs are so noticeable and at times so 

alarming, that many fatalities due to other causes are 

ascribed to these infestations." He further claims that, 
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"The adult form of the sheep bot fly is of economic 

importance to the sheep industry since the activity of the 

fly causes fear and restlessness among sheep and thus 

interferes with their well-being." This detriment to their 

well-being can probably be characterized as a reduction in 

thrift, weight increase, and wool production as a result of 

reluctance to graze in the presence of fly irritation. 

Dill (193^) recorded high mortality -in undernourished 

Nevada sheep under severe winter conditions attributable to 

nasal hemorrhage caused by larvae. Peterson, Cobbett, and 

Meleney (1959) reported great interest in and widespread 

application of bot control measures among sheep growers. 

The authors regarded this as evidence of economic levels of 

larval damage and the need for efficient control. 

Treatment Methods for the Sheep Bot Fly 

The sheep bot fly has long been of concern to sheep 

growers. Curtice (1890) discussed methods of treatment in 

use at and before that time, such as attempts to dislodge 

larvae by introducing irritants like feathers, snuff, and 

tobacco smoke into the nostrils, and the use of repellents 

on the nostrils to discourage larviposition. For many 

years attempts were made to treat for the bot by intro

ducing toxic chemicals into the heads of infested sheep. 

Gildrow and Hickman (1931) injected equal parts of carbon 

disulfide and mineral oil into the nasal passages* DuToit 
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and Clark (1935) claimed to achieve control by penetrating 

the boires of the skull and injecting materials such as 

carbon bisulfide, carbon tetrachloride and tetrachloro-

ethylene into the sinuses. Cobbett (19^0) prescribed a 

three per cent solution of saponified cresol applied in a 

small stream at 35 to pounds air pressure into the nasal 

passages of sheep as an effective remedy for destroying the 

minute larvae on the nasal mucosa. In a review Lindquist 

and Knipling (1957) reported the spraying of ten ml of an 

extract of the male fern, Dryopteris filiximas < in alco

holic soap solution containing 0.2 per cent of anhydrous 

sodium carbonate into the nostrils. Lindane was used in 

Australia by Smith and Young (1959) who injected four ml 

of four per cent solution into each nostril of sheep and 

relieved symptoms of the infestations. 

As another approach altogether, Brodskii (l9^l)> 

Sapagov (19^7)» and Bashakov (19^7) reported marked reduc

tion of larval infestation in autumn when they captured and 

destroyed large numbers of adults in the early mornings and 

late afternoons of the previous spring. While this may be 

so in Russia, DuToit and Fiedler (1956) commented that in 

South Africa it was comparatively rare to encounter any 

numbers of adult flies resting on buildings and that the 

collection method would have little application in that 

country. 
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Over the last ten years most of the work done on 

bot fly control has involved the use of systemic organo-

phosphate insecticides. In 1958? Peterson et al. obtained 

95•5 per cent control of the larvae in sheep using ronnel 

(Ronnel® , Trolene® , Korlan®, Dow ET-57) in a drench at 

100 mg/kg dosage. In I960, Peterson et al. reported on 

the effectiveness of ronnel,dimethoate,coumaphos (Co-Ral® ), 

Dowco® 109 and crufomate (Ruelene®) in various formula

tions against the larvae. Chavarria and Carrillo (1959) 

found oral treatments with trichlorfon (Dipterex®) were 

effective against all instars of the larva. Dimethoate at 

25 mg/kg as an intramuscular injection produced an over

all kill of 97 per cent of all instars in sheep in labora

tory trials (Peterson et al. 1959); this method was later 

used on a field scale over five years to produce a high 

degree of control in an isolated flock (Meleney, Cobbett, 

and Peterson 1963)* Coumaphos as a 0.5 per cent dip, 

Dowco 109 and crufomate administered in boluses and in 

wettable powder form in capsules, and dimethoate in a ten 

per cent premix, were found by Peterson et al. (i960) to be 

safe and effective in destroying larvae. Crufomate was 

also tested by Miller, Johnson, and Stout (1961) who found 

oral doses to be highly effective against all larval 

instars. Drummond (1962), however, found crufomate at 

100 mg/kg intramuscularly, and some other systemics 

effective against first instars only. He postulated that 
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the first instar larvae, while possibly more susceptible to 

insecticides, were in greater contact with blood than 

second and third instars. This was because they remained 

in the lining of the nasal cavity, a more richly supplied 

area than the sinus regions inhabited by the second and 

third instars. In Drummond's laboratory trials, Bayer 

373^1» Bayer 373^2, and trichlorfon were effective against 

all three instars. 

Trial 1: Evaluation of Systemic Insecticides Against 
Bot Fly Larvae in Sheep and Goats 

Objectives 

Several workers have shown that many systemic 

insecticides in different formulations are effective in 

destroying one or more of the instars of bot fly larvae in 

the heads of sheep (Peterson et al. 1958; Chavarria and 

Carrillo 1959; Peterson et al. I960; Peterson et al. 1959; 

Drummond 1962; Pfadt and Campbell 1963; Pfadt 196*0 . The 

objective of this trial was to evaluate a further series of 

systemic insecticide formulations against bot fly larvae in 

both sheep and goats using methods similar to those of 

other workers (Peterson et al. 1958; Drummond 1962; Pfadt 

1964), and to confirm the effect of some formulations 

already tested. 
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Experimental Procedure 

Forty-five 6 and 7 month old Navajo lambs, showing 

signs of bot fly infestation, and twenty goats were pur

chased on the Navajo Indian Reservation in northern Arizona* 

These animals were established on a ration of alfalfa hay 

in pens at Tucson, Arizona* After approximately one month 

in pens, the animals were randomized into groups of five, 

ear-tagged for identification purposes and had their ration 

supplemented with one-half pound of commercial sheep meal 

per head per day, fed without hay each morning. The groups 

of animals received the treatments shown in Table l.^ 

Prior to treatment each animal was weighed so that 

drug amounts could be accurately administered. Feed 

additive preparations were mixed with meal supplement and 

fed each morning. In all cases the meal was completely con

sumed by every animal. The Maretin feed additive was not 

that supplied by the manufacturer, but was prepared from 

the 80 per cent oral drench formulation. In drenching, 

drug solutions were administered using a modified ten ml 

syringe instead of a regular drenching gun. Water addi

tives were prepared fresh each morning. The pour-on 

formulation was applied by pipette along the backline of 

the animals through a parting in the wool. 

1. The common, chemical, and proprietary names and 
formulation information of systemic insecticides used are 
listed on page 53* 
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1. Systemic Insecticide Treatments Given to Groups 
of Five Lambs or Goats 

Treatment 

Lambs Treated November l*t, 1966 

Control 

Co-Ral Dip 

Co-Ral® feed additive 

Ruelene® J0% feed additive 

(S> 
Ruelene^ wormer drench 

Ruelene® 8R pour-on 

(3) 
Maretinw feed additive 

Txguvon water additxve 

(S) 
Tiguvon^ oral drench 

0.25% 

1.25 mg/kg for 6 days 

30 mg/kg for 5 days 

7-5 mg/kg 

5.0 mg/kg 

50 mg/kg for 1 day 

15 ppm for 6 days 

20 mg/kg 

Goats Treated December 13< 1966 

Control 

Maretin® oral drench 

Maretin® 

Co-Ral® 

oral drench 

feed additive 

25 mg/kg 

50 mg/kg 

1.25 mg/kg for 6 days 
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On the seventh day after treatment the animals were 

starved for 24 hours to allow easy recovery of intestinal 

nematodes , another part of the trial• On the eighth day 

all test animals were sacrificed. 

The heads were divided sagittally with a band saw 

exposing the nasal passages and frontal sinuses, and bot 

fly larvae were recovered under dissecting microscope and 

hand lens* The numbers of first) second, and third instar 

larvae were noted for each animal and the specimens pre

served. 

Results 

The numbers of bot fly larvae recovered from the 

different treatment groups are given in Table 2. 

Discussion and Conclusions 

Different treatments with the lambs gave varying 

degrees of larval control. Ruelene in the wormer drench 

formulation was the only material to give complete mort-' 

(R) 
ality of all stages, but Co-Ral dip, Tiguvonw oral drench, 

Ruelene pour-on, and perhaps Maretin feed additive reduced 

numbers of smaller instars. Tiguvon water additive and 

Co-Ral feed additive failed to reduce larval numbers. 
# 

Because of low parasite burdens in the goats no 

conclusions can be drawn from the data. 

This trial may be biased against the feed and water 

additives relative to the drench and pour-on treatments* 



17 

Table 2. Sheep Bot Fly Larvae Recovered from Heads of 
Five Lambs or Goats Following Treatment with 
Systemic Insecticides 

Larval instars 
—————— Total 

Treatment 1st 2nd 3rd larvae 

Control 

Lambs 

8l 8 2 91 

Co-Ral® dip 7 10 2 19 

Co-Ral® feed additive 100 2 0 102 

Ruelene® feed additive 11 4 0 15 

Ruelene® wormer drench 0 0 0 0 

Ruelene® 8R pour-on 10 6 1 17 

Maretin® feed additive 43 10 0 53 

Tiguvon® water additive 65 11 0 76 

Tiguvon® oral drench 0 7 1 8 

Control 

Goats 

1 3 0 4 

Maretin® 

Maretin® 

oral drench 25 mg/kg 
/ 

oral drench 50 mg/kg 

4 

10 

3 

6 

0 

0 

7 

16 

Co-Ral® 
/ 

feed additive 3 1 0 4 
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Because the animals were sacrificed on the eighth day, in 

effect only 48 to 72 hours after the final exposure to the 

water additive and some of the feed additive treatments, 

these may not have had time to produce maximum kill before 

head examination. 

Results of this trial, however, taken in conjunction 

with those of other workers, would indicate that the losses 

from bot fly infestations can be minimized by the use of 

systemic insecticides, especially crufornate formulations 

and coumaphos dip, and that the control of the bot could be 

a fringe benefit from the use of systemics to control other 

parasites of sheep such as keds or lice. 

Trial 2: Evaluation of the Economic Importance 
and Field Control of Bot Fly Larvae in 

Lambs Using Crufomate 

Introduction 

From a purely economic point of view, if a parasite 

is to cause economic damage to its domestic animal host, 

the damage must be measurable in the dollar return to the 

producer. This damage can occur, and can be measured in 

several ways. Where esthetics are meaningful to a buyer, 

seller, or owner, as with show or stud animals, parasite 

damage can be evaluated only by these people according to 

their preferences. Where livestock, are sold in bulk and 

paid for on some standardized grading system, however, a 

value can be placed on parasite damage by the reduction in 
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return to the producer attributable to the parasite 

infestation. A more precise estimation of the actual 

damage attributable to the parasite activity can be 

obtained when the characteristics that affect the financial 

return to the producer are compared between infected and 

non-infected animals. 

In feeder lambs, production characteristics 

affecting the financial return to the producer include 

growth rate, body weight, carcass quality, and wool weight 

and quality. Brunsdon (1966a) showed that in New Zealand, 

helminth infection in sheep affects every aspect of the 

sheep industry, whether wool production, the raising of fat 

lambs for slaughter, ewe lambs for replacement of breeding 

stock, or the fattening of feeder lambs. By measuring 

growth rates, slaughter weights and wool production, he 

demonstrated that, using a strategic drenching program in 

the New Zealand economy he could produce a substantial 

profit. This confirmed earlier work (Brunsdon 1965) which 

indicated that internal parasites may greatly influence the 

growth rate and wool production in young sheep in New 

Zealand. Hight and Cairns (1966) pointed out, however, 

that there are many factors influencing the reaction of 

lambs to parasites, and that different levels of parasitism 

and the actual tolerance threshold vary widely between 

individuals and conditions* • 
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The economic importance of parasites in lambs., 

then, depends on the animals involved and their management, 

the parasites and levels of parasitism, and the particular 

economy under which the lambs are raised. Parameters of 

a generalized economic threshold level to apply under many 

conditions would be very difficult to specify. 

In the Ari-zona sheep industry, wool is not a 

sensitive economic factor and differences in wool returns 

between parasitized and non-infected sheep would be diffi

cult to distinguish. In a feeder lamb operation differ

ences in monetary return to justify bot control would most 

likely be found, therefore, in carcass production. These 

differences could be expected in growth rate or carcass 

evaluation characteristics. In this trial, growth rates, 

bot numbers in slaughtered sheep, and carcass evaluation 

data were measured to detect reduced production attributable 

to the observed parasite levels. 

Objectives 

Since trial 1 indicated that several systemic 

insecticides gave excellent control of sheep bot fly in 

lambs, crufomate drench was selected for further evalua

tion. The objectives of trial 2 were to: 

1. Evaluate the drench formulation under field condi

tions. 
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2. Obtain quantitative data as to the actual economic 

damage in the flock attributable to the bot 
! 

infestation sufficient to justify the expense and 

effort of a control program. 

This study was designed to assess the following: 

1. The economic effects of a bot fly infestation in 

feedlot lambs during the fattening season. 

2. The effect of bot fly infestation on product 

quality and the relative economic importance of 

first and later instars of the larva. 

•3. The benefit of crufomate drench treatments for the 

bot administered early and late in the season. 

Experimental Procedure 

In September) 1967? four hundred Navajo lambs were 

purchased on the Navajo Indian Reservation from several 

flocks and established in a feedlot at Casa Grande, 

Arizona. There they were conditioned over two weeks 

receiving a ration of alfalfa cubes. They were then 

randomized into four groups of one hundred and identified 

with colored, numbered ear tags. On October 21 each 

animal was individually weighed and the experimental proce

dure was initiated. Bach group received the drench treat

ment as indicated. 
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crufomate thiabendazole 

~~Group 1 October 21 None 
Group 2 October 28 October 21 
Group 3 January 5 October 21 
Group 4 None October 21 

Both chemicals were administered at the following 

recommended rates'*" with a standard drenching gun: 

crufomate: Ruelex drench 
animals weighing 30-39 pounds-- 7-5 cc 

40-69 pounds--15»0 cc 
70-99 pounds—22.5 cc 

thiabendazole: Thibenzole drench 
1 oz per animal 

Thiabendazole was given to help prevent gastrointestinal 

nematodes from becoming a factor limiting growth and 

production in the lambs. The groups received the treat

ments for the following reasons: 

Group 1 was intended to compare crufomate drench as 

an anthelmintic with thiabendazole (group 4), should 

significant worm burdens occur. 

Group 2 was intended to show the production pos

sible in worm- and bot-free lambs under these conditions. 

Group 3 was intended to show the effect of 

predominantly first instar bots in worm-free lambs. 

Group 4 was the control group and intended to show 

the effect of all stages of bot fly larval infections in 

worm-free lambs. It provided a thiabendazole standard for 

1. The common, chemical) and proprietary names and. 
formulations of compounds used are listed on page 53. 
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crufomate anthelmintic effect from group 1 as well as a 

comparison for first instar damage in group 3» and absence 

of larvae in group 2. 

Lamb live weights were taken at intervals of 

approximately two weeks, from immediately prior to the 

first drench treatment to the day before slaughter. These 

were group weighings made on certified bulk-weighing scales 

and individual weighings made in a four hundred-pound live

stock scale. .. 

Originally it was intended to keep lambs in the 

feedlot throughout the experiment. However, when storms 

inundated the pen with flood water the lambs were evacuated 

to irrigated alfalfa pasture on December 16. They were 

maintained on alfalfa pasture without supplement thereafter 

except for two weeks desert grazing after rains in late 

February and early March. Fecal examination of twenty per 

cent of the animals in each group on January 6, and spot 

checks throughout the season, revealed no measurable worm 

burden in any group. 

On March l8, 1968, the sheep were slaughtered at a 

packing plant in Los Angeles. Bot fly larval counts were 

made in 20 to 25 randomly selected heads from each group 

and each carcass was evaluated for the following characters 
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U.S .D.A. grade 
Conformation grade 
Fat thickness 
Hot carcass weight 
Kidney fat weight 
Kidney fat per cent 
Cutability per cent 
Firmness 
Muscle color 

Grading of the carcasses not performed routinely by 

the United States Department of Agriculture inspectors in 

the plant, was defined and performed by Dr. John A. 

Marchello and Mr. Forrest D. Dryden of the Department of 

Animal Science, University of Arizona. The criteria and 

scales used to grade the carcasses are as follows: 

1 and 2. U.S.D.A. and Conformation grades: 

High Average Low 

Prime 15 — 14 13 
Choice 12 11 10 
Good 9 8 7 
Utility 6 5 4 
Cull 3 2 1 

3. Fat thickness: This is measured in tenths of an 

inch along the backline between the 12and 13tt 

ribs. 

4. Hot carcass weight: 

0 = 35# and below 
1 = 36-40# 
2 = 41-45# 
3 = 46-50# 
4 = 51-55# 
5 = 56# and above 

5. Kidney fat weight: Estimated in pounds* 
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6. Kidney fat per cent: Calculated as 

kidney fat veiRht ±n ds 

hot carcass weight 

7. Cutability per cent: American Meat Science 

Association (1967) index indicating the calculated 

percentage of closely trimmed retail cuts from leg, 

sirloin, loin, rib, and shoulder* It is computed 

from the following formula: 

Cutability per cent = 7^.24 + 1.19$ (Conforma
tion grade) 

- 0.546 (fat 
thickness) 

- 0.849 (kidney 
fat thick
ness) 

8. Firmness: Estimated on the following scale: 

Very firm = 7 
Firm = 6 
Moderately firm = 5 
Slightly soft = 4 
Soft = 3 
Very soft = 2 
Extremely soft = 1 

9* Muscle color: Estimated on the following scale: 

Very light pink = 4 
Pink = 3 
Slightly dark = 2 
Dark = 1 

A one-way analysis of variance was performed on the 

carcass evaluation data to determine whether there was any 

difference in the means of the various grades between the 

treatment groups. 
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Results 

The treatments given each group and the per .cent 

weight increase per pound body weight per week of each 

group, corrected for shrinkage during weighing, are 

summarized in Fig. 1. Figure 2 shows the group average 

weight throughout the season, corrected for shrinkage. 

The sheep were so randomized at the beginning that, 

at the first individual weighing, the groups varied from 64 

pounds (group l) to 68 pounds (group 3) average with a 

standard deviation in the region of 12 pounds. Due to 

cumulative error, individual weighings were not as accurate 

as bulk weighings for determining averages, and averages 

from both methods differed up to two pounds per animal in 

most comparisons. 

Table 3 summarizes the data obtained from the 

examination of a sample of the heads from each group for 

bots at slaughter. The majority of these larvae were late 

second, or third instars. The results of the analysis of 

variance of the carcass evaluations are summarized in 

Table 4. 

Discussion and Conclusions 

Four hundred animals were involved in the trial at 

the start while 363 were included in the carcass evaluation 

There was considerable mortality during the trial which was 

in no way related to the treatments. Eight animals were 



Group 1 
Group 2 

Group 3 
Group k 

Fig. 1. Relative Growth Rates Throughout the Season of 
Lamb Groups that Received Different Treatments 
for Bot Fly Larval Infestations 

Relative Growth Rate » T "et,Wffiht ^ncre;°^ 
Inxtxal Wt. x No. of Wks 
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Group 1 
Group 2 

Group 3 
Group k 

Fig. 2 .  Shrinkage-Corrected, Group-Average Weights of 
Lambs that Received Different Treatments for Bot 
Fly Larval Infestations 
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Table 3» Bot Fly Infestations 

A summary of head examination results of lamb 
groups at slaughter. 

Treatment group number 

Number of heads per 
sample 20 20 20 25 

Average number of 
larvae per head 0.05 0.15 0.15 3*12 

Per cent of heads 
infected 5 10 10 6 k  

Larvae per head 
(range) 0-1 0-2 0-2 0-l6 

Per cent reduction 
due to Ruelex® 98.4 95.2_ 95.2 0.00 

Total numbers of 
larvae 1 3 3 78 



Table 4. Carcass Evaluation 

A summary of the analysis of variance showing the means and 
treatment group, and the F-values for differences between means. 

Treatment group numbe 

1 2 

Treatment Mean Range Mean Range Mean 

U.S.D.A. grade 9 .084 
6.000-

14.000 10 • 055 
6.000-

12.000 9 .622 

Conformation grade 8 .446 
5.000-

13.000 8 .394 
4.000-

12.000 8 .556 

Fat thickness 0 .210 
0.050-
0.700 0 • 237 

0.050-
0.600 0 .216 

Hot carcass wt* 2 .261 
0.000-
5.000 2 .604 

0.000-
5.000 2 .567 

Kidney fat wt. 1 .479 
0.250-
4.000 1 .697 

0.400-
5.000 1 .451 

Kidney fat per cent 3 .327 
1.100-

10.800 3 .692 
1.200-
9.600 3 .160 

Cutability per cent 73 .020 
66.520-
79•200 72 .837 

67.100-
75.100 73 • 151 

Firmness 3 • 707 
1.000-
6.000 3 .901 

1.000-
7.000 3 .722 

Muscle color 1 •935 
1.000-
2.000 1 .890 

1.000-
2.000 1 .922 
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ing the 
between 

means and 
means. 

ranges of values for each character and 

tment group number 
'' 

3 4 
^(calc) 
3,362 

F(tab) 
3,362 

a = 0.10 Range Mean Range Mean Range 
^(calc) 
3,362 

F(tab) 
3,362 

a = 0.10 

6.000-
12.000 9.622 

6.000-
13.000 9.882 

4.000-
12.000 0.71 2.08 

• 

4.000-
12.000 8.556 

5.000-
13.000 8.591 

4.000-
12.000 1.11 2.08 

0.050-
0.600 0.216 

O.O5O-
0.500 0.238 

0.050-
0.650 1.23 2.08 

0.000-
5.000 2.567 

0.000-
5.000 2.581 

0.000-
5.000 2.03 2.08 

0.400-
5.000 1.451 

0.250-
4.400 1.674 

0.150-
4.000 1.82 2.08 

1.200-
9.600 3.160 

0.700-
8.500 3.638 

0.500-
8.500 1.71 2.08 

67.100-
75.100 73.151 

68.600-
75.300 72.788 

68.650-
75•200 1.13 2.08 

1.000-
7.000 3.722 

1.000-
6.000 3.849 

1.000-
7.000 0.57 2.08 

1.000-
2.000 1.922 

1.000-
2.000 1.914 

1.000-
2.000 0.31 2.08 
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lost in a handling accident, while fourteen of the smaller 

animals died in the severe December storms, during which 

statewide livestock losses were high. The remaining 

unaccounted animals were actually sold and slaughtered but 

had lost ear tags and could not be included in the compari

sons. Deaths were evenly distributed between all treatment 

groups. 

The graph of the per cent weight increase per pound 

body weight per week (Figure 1) gives the relative growth 

rates for each group throughout the season. This presenta

tion should eliminate differences in average weights between 

groups and leave differences that are due mainly to dif

ferences in treatment. The first two measurements from 

weighings on IO/28/67 and on l'l/H/67 may be somewhat 

inaccurate as no bulk weights were taken to check individual 

weight averages. The dip. in the curve about 12/25/67 was 

within the period of extremely bad weather. 

Table 3 shows that the control group (group k) 

contained moderate levels of bots at slaughter. These re

covered numbers probably reflect conservatively the .levels 

of infestation that had actually occurred since, judging 

from the number of mature third instar larvae recovered, 
» 

some may have been expelled to pupate prior to slaughter. 

There was undoubtedly a loss of bots during slaughter when 

the horns were removed. It was not possible to estimate 

this loss under the slaughter conditions. 
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Despite moderate levels of bot infestation in the 

control group, at slaughter, and obvious throughout the 

season from the catarrhal discharge and wheezing of these 

sheep, the growth curves and analysis of variance of the 

carcass evaluations reveal that in none of the characters 

measured did the infestation have any significant effect. 

Hot carcass weights were taken at five-pound intervals and 

it is possible that, had these weights been taken at one-

pound intervals, differences may have been found. It is 

this character that should be more closely evaluated in•any 

future work. -— 

The very small numbers of bots recovered from the 

treated groups, compared with the controls, indicate that 

crufomate drench in both early and late application was 

effective in reducing infestations. 

Since the animals were kept in a feedlot, or on 

clean alfalfa pasture, significant helminth infections did 

not occur, thus preventing a comparison of crufomate and 

thiabendazole for worm control. 

From these results there is no way to estimate the 

effects of bot infestations and crufomate drench treatments 

under conditions that occur elsewhere in the state. Gibson 

(1963)? and Frazer and Robertson (1933) report that the 

plane of nutrition can modify the effects of gastrointes

tinal parasites, and this may well have been the case with 

bot infestation in this trial where the lambs' plane of 
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nutrition was high. Differences due to infestation may 

have occurred had the lambs been grouped for uniformity 

instead of randomly, so that intragroup variation would be 

minimal, or had they been raised on the marginal plane of 

nutrition that occurs in certain parts of Arizona. 

This experiment does show that bot infestations can 

be reduced on a large scale, with the use of a systemic 

insecticide and leads again to the conclusion of Trial 1 

that, under the conditions of this trial, bot control should 

be readily obtained as a bonus effect from the use of a 

systemic insecticide against some other parasite in lambs. 



CHEMICAL CONTROL OF INTERNAL PARASITES 
AND THE KED OF SHEEP 

Three small-scale experiments investigating the 

effect of systemic insecticides in different formulations 

on the sheep ked, Melophagus ovinus, and helminth parasites 

in Navajo sheep were performed in 1966 and 1967* 

Trial 3• Evaluation of Systemic Insecticides 
Against Internal Nematode. Parasites 

In Lambs and Goats 

Objectives 

While investigating the effects of a series of 

systemic insecticides in different formulations for bot 

control in lambs and goats (Trial l), the effect of these 

materials on internal parasites was also examined. The 

objective of this experiment was to find the most effective 

formulation for worm control. 

Experimental Procedure 

Forty-five 6- and 7-month-old lambs and twenty 

goats, purchased on the Navajo Indian Reservation were 

established in pens at Tucson, Arizona* They were random

ized into groups of five and received the treatment 

described in Trial 1. Before and after the insecticide 

treatment, the packed red blood cell volume was measured 

3 4  
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by the microhematocrit method and nematode egg-per-gram-of-

feces counts were taken using the method of Dewhirst and 

Hansen (1961).  

At slaughter the gastrointestinal tracts of the 

animals were removed and the abomasa and small and large 

intestines were ligated and separated. Later the same day 

these organs were flushed with water, the contents extracted 

with a (tO-mesh sieve and transferred to jars of formalin for 

preservation using a method similar to that of Robertson and 

Elliot (1965)• Still later these stomach and intestinal 

contents were examined for nematode parasites. The pre

served stomach or intestinal contents were carefully flushed 

in a sieve with water to remove the formalin, placed in a 

jar, and brought up to two liters volume with water. After 

the material was thoroughly mixed, and while still under 

agitation, four 10-ml aliquots were extracted from each 

sample for nematode examination under a dissecting micro

scope. The number of parasites in the 40-ml<sample, 

multiplied by fifty, gave the number in. two liters which 

was the total organ contents. 

Results 

Due to the short period between treatment and 

slaughter the packed red blood cell volume showed no 

trends. The egg counts dropped greatly, as much as ninety 



36 

per centt but this drop was matched in the controls so that 

comparisons could not be made. 

The nematode species and average counts from the 

lamb abomasa and small intestines after treatment are given 

in Table 5. The large intestines were found not to be in

fected. Similarly Table 6 shows average worm counts in the 

abomasa of goats after treatment. Very little infection 

was found in the small or large intestines of either lambs 

or goats and results are not given. 

Discussion and Conclusions 

Trichostrongylus and Nematodirus species were the 

only significant helminth infections found in either lambs 

or goats and then only in the small intestines of lambs and 

the abomasa of goats. Low numbers of these worms reduced 

the value of the trial although trichostrongyle counts were 

reduced by systemic insecticides in both species of animal. 

Significant reductions of nematodes in lambs are shown in 

Table 5« Of the insecticides screened, crufornate feed 
i 

additive, crufornate drench, coumaphos dip and Maretin feed 

additive gave the greatest reduction in nematode burdens. 

With trichostrongyle infections in goats (Table 6), Maretin 

drench at 50 mg/kg was better than the same material at 

25 mg/kg and both out-performed coumaphos feed additive. 

All three insecticides produced significant reduction in 

parasite counts. 
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Table 5» Nematode Counts from Small Intestines and Abomasa 
of Lambs Treated with Systemic Insecticides 

Small 
intestine Abomasum 

•M ' H 

• to • 

a 3 a 
to +> « 

(H 
to 0 to 
3 • +» 3 
H ft H 
> 10 0 
b1. o W 
s U) c 
o 3 w O 
u Ih 3 Sh 
+> •rl .fl •P 
to •o o to 
0 0 a 0 
43 0 X 
a (0 E o 
•H E V •H 

Treatment £ a) (C 
X 

Control 1730 l4o 10 10 

Co-Ral® dip l4o* 120 0 0 

Co-Ral® feed additive 240* 120 0 0 

Ruelene® feed additive 70* 220 20 0 

Ruelene® •warmer drench 130* 80 0 0 

Ruelene® pour on 450* 470 0 70 

Maretin® feed additive l8o* 260 0 30 

Tiguvon® 10% water additive ll6o 260 0 60 

Tiguvon® oral drench 970* 210 0 10 

•Significant reductions at a = 0.10. 
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Table 6. Nematode Counts from the Abomasa of Goats 
Treated with Systemic Insecticides 

Goat Abomasum 

Treatment Trichostronscylus sp. 

Control 445 

Maretin® drench at 25 mg/kg 150 

Mare tin® drench at 50 mg/kg 50 

{R> 
Co-Ral feed additive 

mg/kg for 6 days 
at 1.25 

280 

$ 
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Trial 4: Field Evaluation of Maretin^ Drench 
a s a n  A n t h e l m i n t i c  

Objectives 

Feed additive and oral drench formulations of 

Maretin were shown in Trial 3 to be effective in lowering 

trichostrongyle levels in both lambs and goats. The ob

jective of Trial 4 was to follow microhematocrit readings 

and fecal egg-per-gram counts in sheep treated with the 

S0% oral drench under field conditions in Arizona. 

Experimental Procedure 

A flock of 50 Navajo ewes on the Navajo Indian 

Reservation near Wide Ruin, Arizona, was drenched with 50 

mg/kg of Maretin on April 29? immediately after lambing. 

Microhematocrit readings of the packed red blood cell 

volume and egg counts using Dewhirst and Hansen's (l96l) 

method were taken from treated and control sheep one month 

prior to treatment, immediately before treatment, and twice 

at two-week intervals after treatment. During the course 

of this trial the sheep were corralled at night and 

grazed by day according to Navajo custom. No adverse 

effects from the insecticide were noted at any time. 

Results 

Table 7 presents a summary of the microhematocrit 

readings and the egg-per-gram counts from sheep treated 

with Maretin drench. 
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Table 7. Nematode Infections 

control 
Microhematocrit 
sheep. 

readings and fecal egg -per-gram counts from treated and 

Microhematocrit readings Fecal egg-per-gram counts 

Date Treatment 
No. of 
sheep Range Ave. 

No. of 
sheep Range Ave. 

April 1 Control 23 29.2-37.5 33-4 19 12-60 29.5 

April 29 1 Control 12 31.9-43.5 36.6 23 2-54 17-3 

May 13 Maretin® 12 30.5-42.0 34.7 20 0-14 2.3 

May 26 Maretin® 11 25.0-37.0 32.0 19 0-18 3.6 

May 26 Control 8 30.0-36.5 34.0 6 10-44 18.6 
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Discussion and Conclusions 

As expected from the duration of the trial and the 

relatively low initial parasite burden, the microhematocrit 

readings failed to show significant differences between 

treated groups and controls, or changes within the treated 

groups throughout the trial. The egg counts, on the other 

hand, indicate that Maretin drench at 50 mg/kg signifi

cantly reduced the worm burden in the test sheep. This 

treatment is judged effective under these conditions, 

although the economic damage to sheep with these initial 

levels of parasitism is questionable even under the sparse 

grazing regimen given sheep in that area. Brunsdon (1966b) 

considered that nematode parasites in New Zealand sheep may 

be more of an economic problem than realized, but where he 

obtained economic returns from a thiabendazole drenching 

program he found trichostrongyle egg counts of up to 4000 

in his test animals. None of the Navajo test sheep had egg 

counts approaching these levels. 

(S) 
Trial 5: Comparison of Dursban^ and Ronnel Spray 

Formulations for Sheep Ked Control 

Objectives 

While the sheep ked, Melophagus ovinus, may not be 

a major parasite of Navajo sheep, it does occur frequently, 

expecially on sheep that have been taken onto the Reserva

tion from other areas. Spraying for the ked is done by the 
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tribe. The objective of this experiment was to compare 

formulations of Dursban with ronnel for ked control under 

Reservation conditions. 

Experimental Procedure 

A flock of 250 ewes and rams near Wide Ruin, 

Arizona, on the Navajo Indian Reservation, were randomly-

divided into six groups and sprayed with the following 

insecticide formulations on the morning of April 29 * 1967: 

Dursban 0.0125% Emulsifiable Concentrate 
Dursban 0.05% Emulsifiable Concentrate 
Dursban 0.0125% Wettable Powder 
Dursban 0.05% Wettable Powder 
Ronnel 0.25% Emulsifiable Concentrate 
Control 

Since the insecticides were applied near the end of 

lambing, ewes that had not lambed at that time served as 

the untreated controls. In each of the six groups, there 

were from 25 to 50 sheep which were sprayed in a 30 x 30 

foot pen using a 50-gallon, John Bean spray pump at 250 to 

300 P.S.I. The spray was applied at the rate of one gallon 

of solution per sheep and examination of the sprayed 

animals showed adequate coverage and soaking to the skin. 

Conditions for spraying deteriorated throughout the morning 

with increasing high winds, but temperatures remained 

moderate and the sheep showed no ill effects from the 

treatments. 

Counts of living and dead keds were taken one month 

before spraying, immediately prior to spraying, and twice 



at fortnightly intervals after spraying. Ked counts were 

taken in a total of 25 partings of the wool on both sides 

of the sheep, on a total of fifteen randomly selected sheep 

from each group. During the evaluation period the sheep 

grazed on desert rangeland and were corralled each night 

according to Navajo custom. The trial was terminated on 

May 27 just before shearing. 

Results 

A summary of results of trial 5 is given in Table 

8. Average ked infestations on control sheep, total 

numbers of living and dead keds, and per cent mortalities 

in each treatment at each examination are shown. 

Discussion and Conclusions 

Considering the wide range, but relatively low ked 

numbers in 25 wool partings per sheep, the comparison of 

average counts from different treatments is of little 

value. A more valid expression of the effects of the 

insecticides is to compare the numbers of surviving keds 

with numbers of dead that remain lodged in the fleece. 

Assuming that few, if any, of the latter were lost, the 

results are given as per cent mortality of the total 

number. In this way results are considered from infested 

sheep only. 



Table 8. Ked Infestation Levels and Per Cent Mortalities in Treated and Control 
Sheep 

Treatment i 

Numbers 
per 

group 

Ked counts per fifteen sheep 

Treatment i 

Numbers 
per 

group April 29 

May 

Total 

13 

Kill % 

May 

Total 

26 

Kill % 

Dursbai^ 0 . 0 1 2 5 %  ECa 50 60 60 k l  66 

Dursbai^ 0.05% EC 50 52 87 25 96 

Dursbai# 0.0125% WPb 50 6 50 20 95 

Dursbaii® 0.05% WP 25 15 93 22 91 

Ronnel 0.25% EC 25 12 92 19 100 

Control 50 35 00 52 2 

Average no. of keds 
per control sheep 5.48 2. 32 3- k k  

Emulsifiable Concentrate. 

^Wettable Powder. 

»P-
•P-

/ 
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These results indicate that, in this trial, only 

the 0.0125% emulsifiable concentrate form of Dursban is 

less effective than the ronnel treatment. They may also 

indicate that the wettable powder formulation of Dursban is 

more effective than the emulsifiable concentrate formula

tion. It is probable that the May 13 mortality resulting 

from the Dursban 0.0125% wettable powder treatment' is lower 

than it should be. In the fifteen sheep sampled from that 

group only one was infested with keds, alive or dead, and 

of these only 50 per cent were killed. It is possible that 

this animal escaped complete treatment, as reflected in the 

ked mortality. On its own, this figure is meaningless. On 

May 26, thirteen of the fifteen sheep inspected from this 

treatment were infested and the resulting 95 per cent 

mortality tends to support this supposition. 

Table 8 indicates that the average ked infestation 

tended to decline throughout the experiment in the control 

sheep. These figures do not necessarily reflect the true 

picture, however, in that^ while inspecting the animals, 

the highest infestations were found on rams, many of which 

had been imported onto the Reservation. Since lambing 

prevented a complete randomization of all the sheep into 

the treatment groups, and a shortage of available sheep 

necessitated using lambing ewes as control animals, none of 

the highly infested rams was included in the post-treatment 

control group and the average infestation was decreased* 

\ 
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DISCUSSION AND CONCLUSIONS 

In this series of experiments, systemic insecti

cides , especially crufornate (in the Ruelex drench and 

Ruelene feed additive formulations), coumaphos (Co-Ral 

drench), Maretin drench, and Tiguvon drench have been shown 

effective against some internal parasites as well as the 

sheep bot fly larva (trials 1, 2, 3> and 4). The sheep ked 

was also shown to be susceptible to Dursban and ronnel 

sprays (trial 5)« These organophosphate, systemic insecti

cides are effective, therefore, against a wide range of 

internal and external sheep parasites. 

Douglas and Baker (1959) and Douglas, Baker, and 

Allen (1959) have shown crufomate to be an effective 

-anthelmintic in sheep. While crufomate as the Ruelex 

drench could not be compared with thiabendazole in trial 2, 

Drudge and Elam (1961) and Drudge et al. (1964) have 

compared it with both thiabendazole and phenothiazine for 

worm control. In all cases, crufomate was comparable with 

the other two anthelmintics and, while each of the chemicals 

differed in its effects on certain worm species, crufomate 

and thiabendazole were shown to control a wider range of 

species than phenothiazine. Since crufomate drench costs 

three times as much as phenothiazine and nearly twice as 

much as thiabendazole, it would not be economically used 
> 
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for worm control alone in preference to one of the other 

chemicals, except when significant levels of worm species 
i 

or strains that tolerate, or are resistant to, the other 

chemicals are present. 

Crufornate is effective for bot fly control, but 

again its use is not economically feasible since no profit 

to the sheep grower could be shown when used against this 

parasite alone (trial 2). 

In many instances, however, probably neither bot, 

worm, or sheep ked infestations would occur alone in flocks 

of feeder lambs brought to southern Arizona from other 

areas of the Southwest. If not treated previously, most 

flocks would arrive with bot and ked infestations, and, if 

uninfected with worms, would be very liable to infection, 

and then reinfection, when fed out on irrigated alfalfa 

rotations. Since worm reinfection will not occur in a 

feedlot, and bots do not appear to be of economic impor

tance, one treatment of ked-free lambs with thiabendazole 

should suffice for parasite control in the feedlot. Very 

few lambs are fattened in feedlots, however, as it is not 

generally an economical practice. 

Lambs fattened on alfalfa and subjected to worm 

reinfection are usually put on an anthelmintic regimen. If 

sheep ked infestations occurred, one treatment with a 

systemic insecticide in this regimen would reduce ked and 

worm numbers and, as a bonus, provide bot fly control at no 
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extra investment. Cheaper anthelmintics would suffice for 

the remainder of the treatment. 

The use of systemic insecticides can be recommended 

for parasite control in feeder lambs in southern Arizona, 

then, when there is a range of species of internal and 

external parasites present in a flock. In this way control 

of economic parasite populations results in the simultaneous 

control of non-economic populations at no additional 

investment. Populations that are not economic alone, may 

become so when several species are present at the same 

time. 



SUMMARY 

Literature is reviewed describing Oestrus ovis and 

its life cycle, its distribution, levels of 

infestation and damage and control. The bot fly 

has a worldwide distribution with sheep; its damage 

to sheep has been described but not economically 

evaluated. Organophosphate systemic insecticides 

show great promise for bot fly control. 

Trials were designed to quantify bot damage in 

sheep and to study the effects of systemic insecti

cides on bots, gastrointestinal nematodes, and keds. 

Trial 1 was conducted to examine the effects of a 

series of systemic insecticides on bots in groups 

of five Navajo lambs and goats. Larval numbers in 

the heads of sacrificed lambs were reduced by the 

greatest amount with crufomate as the Ruelene 

drench, feed additive and pour-on formulations, 

Tiguvon drench, and coumaphos as the Co-Ral dip. 

The goats were not infested to any extent and 

meaningful results were not obtained. 

Trial 2 was conducted to evaluate crufomate drench 

for field control of the bot fly and to determine 

the economic significance of known levels of larval 

infestation in lambs under feedlot conditions. 
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Four hundred naturally infested Navajo lambs were 

treated in groups of 100 with crufoniate at differ

ent times to study bot fly mortality, and to 

evaluate differences in production between treated 

and untreated animals. Examination of heads at 

slaughter showed excellent reductions of bot 

numbers in treated animals, but no detectable 

differences in growth rates or carcass evaluation 

data between treated and untreated groups could be 

found. It 'was concluded that crufornate controlled 

the parasite but, in the absence of measurable 

differences in production between infested and non-

infested animals, the treatment could not be 

justified under conditions of good nutrition. 

5. Trial 3» run in conjunction with trial 1, tested 

the effects of systemic insecticides on gastro

intestinal parasites of sheep and goats. After 

slaughter, the abomasa, small and large intestines 

of the animals described in trial 1 were flushed 

for nematode parasites. These worm counts indi

cated that cruf ornate formulations, coumaphos dip, 

and Maretin feed additive gave the greatest worm 

reduction in lambs and that Maretin drench was 

effective in goats. 

6. Trial 4 involved 100 ewes on the Navajo Indian 

Reservation. Fifty received Maretin drench at 
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50 mg/kg in the spring, and 50 were controls. 

Microhematocrit readings and fecal egg counts were 

taken prior to treatment and for one month follow

ing. The readings were inconclusive, but egg 

counts were significantly reduced by the treatment. 

7* Trial 5 compared 0.0125% and 0.05% wettable powder 

and emulsifiable concentrate formulations of 

Dursban spray against ronnel 0.25% emulsifiable 

concentrate and a control group for sheep ked, 

Melophagus ovinus, control. Two hundred and fifty 

sheep were sprayed in groups of 25 to 50 on the 

Navajo Indian Reservation in April. Ked counts 

following treatment showed that all treatments of 

Dursban, except the 0.0125% emulsifiable concen

trate, were as good or better than the ronnel 

standard. 

8. This series of experiments indicates that while 

systemic insecticides are effective in controlling 

bots, gastrointestinal nematodes, and keds in 

sheep, they cannot be recommended for use against 

any of these parasites alone, except possibly the 

ked, under conditions similar to those of these 

trials. Bot fly control with systemics seems 

uneconomical and there are cheaper anthelmintics. 

Where a range of parasites occurs together, how

ever, there must be a different set of economic 
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parametersf and systemic insecticides with wide 

range activity can probably be recommended as 

economic treatments* 



COMMON, CHEMICAL, AND PROPRIETARY NAMES AND 
FORMULATIONS OF COMPOUNDS USED 

Coumaphos. 0,0-diethyl 0-3~chloro-'i-methyl-2-exo-

2H-l-benzopyran-7-yl phosphorothioate. 

Proprietary name: Co-Ral® (Chemagro Corp.) 

Formulations' used: Co-Ral Dip w.p. 

Active Ingredient 25% 

Related Organophosphates 1 

Inert Ingredients 73*7% 

Co-Ral Feed Additive 

Active Ingredient 2% 

Inert Ingredients 98% 

Crufomate. (l-tert-butyl-2-chlorophenyl methyl 

methylphosphoroamidate. 

Proprietary names: Ruelene®, Ruelex® (The Dow 

Chemical Co.) 

Formulations used: Ruelex® Wormer Drench 

Active Ingredient 21% 

Inert Ingredients 79% 

Ruelene® Feed Additive 

Active Ingredient 30% 

Inert Ingredients 70% 
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Dursban 

Proprietary names: 

Formulations used: 

Ruelene® 8R Pour-on 

Active Ingredients 9»k% 

Inert Ingredients 90.6% 

0,0-diethyl 0-3 ? 5,6-trichloro-2-pyridyl 

phosphorothioate. 

Dursban® (The Dow Chemical Co.) 

TF-12^ Wettable Powder 

Active Ingredient 25% 

Inert Ingredients 75% 

TF-106 Emulsifiable Concentrate 

Active Ingredient 1 lb per 
gallon 

Maretin® . N-hydroxynapthalimide diethyl phosphate. 

/S) 
Proprietary name: Maretin^ (Chemagro Corp.) 

Formulations used: Maretinv Oral Drench 

Active Ingredients 80% 

Inert Ingredients 20% 

Ronnel. 0,0-dimethyl 0-2,k,5-trichlorophenyl 

phosphorothioate. 

Proprietary names: Trolene® , Korlan® , Dov/^ ET-57 

(The Dow Chemical Co.) 

Formulations used: Korlan® Emulsifiable Concentrate 

Active Ingredients 24% 

Solvent 51% 

Inert Ingredients 15% 
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Thiabendazole. 2-(k•-thiazolyl)benzimidizole 

Proprietary name: Thibenzole® (Merck and Co.) 

Formulation used: Thibenzole® Sheep Wormer 

Active Ingredients 2 gm per 
oz. 

Tiguvon®. 0,0-dimethyl 0 - ( k -  methylthio -m-tolyl) 

phosphorothioate. 

Proprietary names: Tiguvon® (Chemagro Corp.) 

Formulations used: Tiguvon® Oral Drench 

Active Ingredient 50% 

Inert Ingredients 50% 

Tiguvon® Water Miscible 

Active Ingredient 10% 

Inert Ingredients 90% 
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