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1 INTRODUCTION

1.1 General
The first goats (Clapra  hircws L.} in HNew Zealand were

liberated in Marlborough in 1773 by Captain James Cook %o

food for vigiting ships (MacDiarmid,
e introduced as stock animals
[

r
{Rudge, 1878). However, interest in the

and many escaped to breed with the feral population. Now

goats are becoming increasingly important as farm animals
{Rumble, 1985}, Initially this importance solely concerned
their ability to control gorse, blackberry and thistles

owever, the revival of interest is mostly

of their fleece. Feral goats are besing
captured and selectively bred, or crossed with purebred
goats to improve their fleece characteristics. They

are also used as recipients for angora embryvos. There is a

ol

v

small dairy goat industry in New Zealand, which produces milk

i
r‘

for export to Ausitralia and milk and cheese for the domestic
market (M. DMerrall, Veterinary Clinical Sciences, Massey
University, pers. comm. ).

The goat mea {chevon) idndustry in HNew Zealand isg small

compared to those for beef and sheep meat, but Australia and

New Zealand are the largest exporters on the world markel
{Hawke’'s Bay Herald Tribune, 19 QOctober 1887) Affeoo?

Mamaku and Omamu meatworks dealt with 22,000 carvcasses last
seasocn, a decrease frem the 50,000 -~ 80,000 carcasses
processed 1in  the late 18970°s. Kill numbers arve inversely

related to the importance of the goat fibre industry.
Farmers are currently retaining more animals, especially

does, for fibre upgdrading prodgrammes. Chevon differs from

[l

mutton by  having less fa in and arocund the meat, and

B
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therefore can be promoted as a more healthy meat. Leather

1

made from goat skins is smooth, supple and tough, and there

emand for this product.

fond
n
]
Qu

At the end of June 1986, there were 7,408 goat farms in New
Zealand, vrunning about 722,800 goats (J. Fegan, Mohair-
Cashmere Warehouse, pers. comm. ).

1.2 Fibre characteristics and market trends

In the moves towards the development of a goat-fibre
industry, it was initially thought that the only option
available to goat farmers was to upgrade feral =stock to G-1
angoras by sequential crossings with purebred angoras {(Young,
14988; de lLacy, 1887). Subsequently, breeding programmes to
produce cashmere and cashgora have been developed (Young,
1986Y.

()

Upgrading programmes fTor angoras tend initially to produce
larger numbers of undesirable kemp and medullated fibres than
in well-bred ngoras {(Patton, 1980). A recent trial in New
and invelving 140 registered angora bucks suggested that

aal
ut half of New Z

Ay

3

=

and’s 16,885 angora bucks are probably

Fad

The main criteria for

o ea
fit for breeding {(Carson, 1887

Jod

un )

buck amcceptability should be a2 high fleece weight, fine mean
fibre diameter, and less than 5% medullation and 2% kenmp.
However, for the 140 bucks, mean fibre diameter varied from
28-42 microns, medullation from 0-40%, and kemp Ffrom 0-12%

{Carson, 1987).

Mohair, produced by angora goats, is & luxury high lustre
fibre with a mean fibre diameter vrange of 22-40 microns
(Sinclair, 19857, It has diverse uses due to this wide

micron rangs. Kem; and medullation down-grade the fibre

stics are brittle

}.mz

because hairs exhibiting these characteri




and do not dye well. Current New Zealand production is ca.
275 tonnes of mohair per yvear; the projected supply hy 1980
=

0 tonnes. In the third sale of mochair for 1887 (latest

is 7
figures available), prices ranged from NZ$28.58 per kg Tor
d

grade A kid to $2.50 per kg for coloured mohair {J. Fegan,
pers. comm. ). Barnings frem mohair were NZg1. million in
1885, the expected level for 1887 is $8 million, and the

estimated annual value to New Zealand by 1985 iz $90 million

{Guilford, 18987).

Cashmere is also a status product of the fibre industry. It
is the underfleece from feral goats, with an average Tibre
diameter of 15.5 microns, although 1t can range up to 18
microns {Sinclazir, 1885). It has low lustre, and its appeal
lies in it fitness and feel. Its strength is approximately

I
10% that of the

"%

finest sheep’s wool and about 40% less than
mohair. Feral goats straight frem the bush produce an
average of only 30g of cashmere per animal (Guilford, 1987).

As  with all pat fibres, a breeding prodramme to improve

o,

cashmere production is imperative. There is a preference for

white cashmere on the export marketb. However, home spinners
prefer the coloured cashmere, and combed cashmere can command
prices of NZ$30 per 100g for coloured, and NZ$Z28 per 100g for
white cashmere on the domestic market. New Zealand produced

ca. 20 tonnes of cashmere in 1887, and is expected to produce

over 100 tonnes annually by 18380. The third ale of
cashmere for 1887 fetched prices ranging from NZ$84 to $137

per kg of down (J. Fegan, pers. comm. ).
Cashgora is a newlv~developed fibre prod clusively in
New Zealand and Australia (& ford, 1987). It has a fibre
diameter of 18-22 microns with a lustre

agshmere and mohair (Sinclair, 1885) and is produced by
eralzangora goats. The challenge facing cashgora fTarmers at
present is to produce a fibre with these characteristics

5 just becoming

Jod s

congistently. The market for it
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established. MAFTech has set up a research and development
project for the southern North Island to examine cashgora

production systems and to develop research prejects to

wvestigate breeding strategies for the roduction of
cashgora. In 1988, HNew Zealand produced 25 tonnes,; but the

predicted market potential is for 220 tonnes diun 1980 (J.
Fegan, pers. comm. ). Cashgora is expected to achiesve a
E=Y 3 & & Py

return of more than NZ%20 per goat per vear, and the

projected figures for Central Hawkes Bay alone could be over

NZ$5 million by 18895 (Guilford, 1987). Prices for cashgors
for the third sal for 1987 ranged from NZ$48.50 per kg for

oot

&
cashgora A to $1.00 per kg fTor inferior coloured cashgora {(J.

Fegan, pers. comm. ).

As outlined above goats are economically important animals,

and there is emphasis on research to increase goat production
7 3

and improve goat health. Rudge et al. (19B5) list research
being carried out in HNew Zealand at that time. Around
Palmerston North alone several reseavrchers are working on
goats. Little work has been done on external parasites of
goats. Lice are common and the irritation they cause may
lead to fleece damage and loss through rubbing and
scratching. In addition, the eggs of lice can remsain
attached to goat fibre even after processing is complete (M.
Merrall, pers. comm. ). The presence of lice on goats may
therefore affect the production, guality and aessthetic appeal
of the fibre, although the esconomic significance of this has

not been assessed. Tt is important to understand the bioclogy

and ecology of an animal before it can be controlled
affectively; however there 1 little information on the
refore review the literature

1

s
bioclogy of goat lice. I will the
ttle and sheep, and include

for the biolo
available information on goat lice. The ecology of cattle
lice and sheep lice may not be strictly comparable to that of
goat lice because these hosts differ from goats in the

nature of the microhabitat inhabited by lice.
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1.3 Louse taxonomy

Kim & Ludwig {(1978) «clasgsified 1lice in the Superorder

Psocodea containing three Orders -~ Anoplura (sucking lice),.

G,

Mallophaga (hiting lice) and Psocoptera (book lice)}. Lyal
1985b ), however, placed lice in a single Order,

Phthiraptera, in the Superorder Psocodea, and relegated

Anoplura to Subovrder status. The taxon Mallophaga was
replaced by the Suborders Ischnocera {(chewing lice of

e

[y

mammals), Amblycera {chewing lice primarily of birds, bul

with some Tamilies infesting mammals) and Rhynchophthirina

£

(suborder of lice found only on elephants and rhinoceroses).

e
jouny
;,.a

taxeonomic grouping was also suggested by Konigsman

1
{1980) and Clay (1870). I shall follow the taxonomy of Lyval

,
{

{1988b) since this is the most recent and comprehensive

M‘
o
Q..

1 hree species
nd, 1983; Lyal, 1985a)

v
Linognathus stenopsis (Burmeister, 1B38) and Z. africanus

Goats are host to tw

w0
ho]
o
o]
ot
®
if
<
iy
i
o)
<O
[o B ]
]
P
L}
o
8
s
O
o

o
aof Ischnocera {(Ledger, 1880; Drumm

Kellogg & Paine, 1911 (Ancplura: Linocgnathidae); and Bovicola
{Pamalinia) caprae (Gurlt, 1843), £. limbatus {(Gervais, 1844)
and B. crassipes {Rudow, 1888) {(Ischnocera: Trichodectidae).
The generic taxonomy of the trichodectid lice of goats has
been confused by numerocus authors redescribing previously
known species as new species under different names. Hopkins

{(1%42) reviewed and clarified the generic and specific names

¥

and synonyms of trichodectid goat lice and recognised three

species, but vrecorded Fovicola crassipes as Holokartikos

zﬂ

crassipes. The name Helokartikos was reduced to a subgenus
of Bovicols by Lyal (1885b). Only £. caprae, B. Iimbatus,
land {Tenquis

e
o

and Z. stenopsis have been recovrded in New Ze

& Charleston, 1881)




1.4 Louse ecology

The general ecology of mammalian lice is not well understood,

and very little is known about lice on goats.
¥

Lice are obligate parasites which spend their entire 1life
cycle from egg to adult on the hest, and cannot survive for
p

long away fTrom the host. It is convenient to examine louse

ecology by  examining each host in  turn since lice are very

i

host specific and gesnerally are not able to survive on

!.'}}

nother host species. However, Hallam {1885) recorded a case
of sheep lice {Bovicola ovis) transferring to goats, with the
lice reproducing and the population stabilising after 13
weeks. CGoat lice (F. caprae) werve ncot able to survive and
breed on sheep {(Hallam, 1985). (Goats may therefore provide a

regservoir for the infestation of sheep with lice.

1.4.2 Life cvcle

8
Life cycle dynamics of insects vary depending on temperature

and relative humidity (RE), wit temperature being more
important. At low temperatures, egg development is slow. As

temperature increases, the rate of edg development increases

until a temperature isg reached where eggs are produced at a
maximum rate possible for that insect’s physioclogy. At
higher temperatures still, the rate of egg production and egg
viability decrease and death wmay occur. Therefore, it is
necessary to discuss life cyecles occurring under optimal

The cattle louse, Bovicola bovis, has been reared ipn vifro by
Matthysse (1848) and Chalmers & Charleston {(1880b). Under
optimal conditions {3B°C and 786% RH), B. bovis had an averade
cycle from egg to egg of 29 davs (Matthysse, 1848) or 27-32
days {(Chalmers & Charleston, 1§885}. From egg laving to

hatching teock 7-8 days, first nymphal instar 6-7 dayvs, second
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[ad ~ H

instar 5-8 dayvs, third instar 6-7 days, and moulting to

£

laying the first egg took 3-4 dayvs (Chalmers & Charleston,

18980b). No males were present in Matthysse’s (1848) ipn vitro
population, vet TfTemales laid viable eggs. Matthysse

concluded that the normal method of reproduction in £. bovis
was parthenocgenesis. Chalners & Charleston (1880hb)

determined the 1ife cyvcle of ILinognathus vitwli in viveo at

ot
0y

ambient temperature ranging from 3-20°C and vrela

C}“)

= tix
humidities from 77-94%. he life cycle was completsd in Z
31 davs. The time taken from egg layving to  hatching was 10-
12 davs; first, second and third nymphal instars took 6-7, 3-

“

E and 5 davs respectively, and moulting to egg laving toock 2

e

The 1life cycle of the sheep louse, £. ovis, was determined ip
vitro and in vive by Scott {(1852). At 36.5°C and 70-90% RH,
the incubation period was 8-10 days, the first instar had a
duration of &8-9 dayvs, for the second it was 5-6 days, the
third took 8 days, and the pre—oviposition period was 4 davs

The time taken from eg¢g to egg was therefore approximately 34

days f# vive and 33-37 days ipn vitro. The sexes were present

in approximately egual number {8cott, 1852, Hopkins &
Chamberlain, 1872), and the normal method of reproduction in

2

AB. ovis is sexual {Hopkins & Chamberlain, 1972). No data are
available on the life cycles and sex ratiocs of ILinogpathus

ovillus and L. pedalis, sucking lice of sheep.

The goat biting louse, Bovicola Ilimbatus, was maintained in
vitro at 35°C and 76% RHE by Hopkins & Chamberlain {(1889).
They fTound the incubation period te be 9-12 da
instar lasted for 5-9 days, and the second for 4-9 davs. The
third imstar lasted for 5-12 days Tor males and 5-9 days for
females, and the pre-oviposition period for females was 3.5-
7.5 davs. The average generation time was 32.2 days, and the

male to female ratioc was 1:1.7.
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aration

The

d 72% RH, £A. crassipes had an average dgex

g

o

n

time of 38.7 davs {Hopking & Chamberlain, 19869 .

incubation time was 9-11 davs, and the Tirst and second
i v. Males

instars lasted 1 and 5~9 dayvs respectivel
t

-1
remained in he third instar for B-39 davs and females for &6~
10 davs. The pre—oviposition perioed for fTemale B. crassipes
was 3.5-5.5 days, and the male to female sex ratio was 1:1.2.
Parthenogenesis was not observed in 5. limbatus or B,
crassipes (Hopking & Chamberlain, 1869). No life cvcle data

are available fTor B. caprae ov L. stenopsis.

On the basis of life cycle data, some meaningful comparisons
between lice onn  different host species are therefore
pogsible. The generation time is similar for #. bovis and Z.

limbatus. A. ovis has a slightly longer generaltion time, and

B, crassipes slightly longer again under optimal in vitre
conditions. Optimal conditions are different for lice from

fferent host species, presumably relating to adaptaticn to

d
different microhabitat conditions. However, optimal relative
b

midities are different fTor B. Iimbatus and B, crassipes,

P

u
which live on the same host, suggesting possible niche

1.4.3 Population dyvnamics

Of the five species of lice infesting cattle, nly one (5.

Lbovis) is an ischnoceran; the other fTour species belong to

the suborder Anoplura. Matthysse (1948) showed that cattle
lice, like almost all parasite populations, had an over-
digpersed distribution. In over-digpersed distributioens,
mogt host dndividuals have very few or no lice, and only a

11 number o¢f thosts have a large louse population.

by

L}

lm.
@
~

[0

[

i)

=nces in infestation levels between host individuals
also noted by Chalmers & Charleston (1880b) for EB. bovis
and L. vituli, and these differences appeared to be related

o

h of the host. Sheep also demonstrate

1
differences in susceptibility +to louse populations. Some
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sheep Tailed to become heavily infested although they were
closely confined with heavily infested animals (Scott, 1852)

Lambs were readily infested from their mothers, and old
sheep, or those in poor condition, also tended to become

heavily infested.

m

{

Individual host differences in infestation level may be
ti

oy

related to characteristics o the host’s skin and flesce.
Hopking & Chamberlain (1972) noted a threefold difference in
edg production for B. ovis reared in vitro depending on which
sheep skin was used to obtain scrapings for the lice. An
over—-dispersed distribution pattern of JFovicola species is
also found in goats {(pers. obs.). Heavily infested hosts can
provide a reserveoir for lice when populations decreases
naturally in spring, or if dinsufficient control measures are

taken.

The nutrition of the host has been suggested as an important
determinant of louse populatiocn levels. Cattle on a low
plane of nutrition have been reported to groom

T
less than well-Ted cattle (Utech ef af., 1989) and ret

ain =2
thicker  hair coat (¥Yeates, 1855; Utech =¢f al., 18869).
However, the tendency for old or poor-condition sheesp teo
carry larger numbers of lice can hardly be explained in these

terms.

Louse population levels on ruminants fluctuate seasonally.
Numbers are low in late spring and summer, and begin to
increase in autumn to veach their highest level in winter

atthysse, 1848; Scott, 1852; Chalmers & Charleston, 13880a,

}..«

"\

b). These fluctuaticns could be due to a wvarisety of
influences. P§§Q al factors affecting ovipositien in A.
ovis were ound to be temperature and relative humidity. A

temperature of 35-40°C was a necessary pre-requisite to egg

108

laying for £. ovis (Murray, 1857b) and embryce development

was completed only between tempsratures of 30-38°C. Hatching
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sccurred from 22-42.85°C {(Murray, 1880). In Australia, when a
sheep i3 exposed to the sun, the temperature at the tip of

the fleece may rise to 70-80°C. On sheep which had been

oy
A

[

£
co

e

shorn, the tem ature close ~he skin reached 45-52°C

within 5~10 minutes of exposure. These temperatures are high
enough for 100% mortality of £. ovis adults and nvaphs after
exposure for 1 h  {(Murray, 18968). Therefore, an effect of
solar radiation and shearing {which itself removes many lice
and louse eggs) in spring is a reduction in louse numbers in
summer. A rainstorm which thoroughly soaks a sheep’s fleece
may not only cause direct mortality of 75-100% of B. ovis
nyvmphs and adults, but alsoc 10% mortality of eggs for each

day 90% relative humidity persists near the skin (Murray,

The microclimate on cattle (Chalmers & Charleston, 1898B0b) and
goats {(Holst ef al., 1982Z) alsoc becomes less stable in summer

because the underfleece is shed, thereby reducing population

levels of lice. Climatic factors may therefore influence
iouse peopulation levels. Hosts respond behavicurally to

adverse weather conditions by secking shade or shelter, thus

reducing thege effects. T will later describe an experiment

examining the effect of ambient temperature on populations of
. caprae and B. Ilimbatus.

1.4.4 Distribution of lice on a host’s body

Not only re there individual differences in host

a
susceptibility to lice, but the louse population on an

individual is not istributed evenly over the body.
Craufurd-Benson (1841 showed that populations of
Haematopinus eurysternus {Anoplura) and B. bovis were

differentiated into hreeding colonies and nymphal clusters.

onn the Thost most heavily infested with B. bovis

=3
il
[
w
"G
m
n

were the shoulders, pline and tailhead {(Craufurd-Bens
1841, Matthys 19456, Chalmers & Charleston, 1980

Haematopinus eurysiternus was able to survive in summer in




ears of «cattle {(Craufurd-Benson, 1841: Matthysse, 1248), on
the tail, and around the horns {Craufurd-Benson, 1841). In
winter the main ares of infestation by #H. esurysternus was on

the top of the neck, but lice were also abundant on the sides

of the neck, dewlap, topline, tail, poll and perineun
{Matthyvsse, 138486). Linognathus vituli was most abundant on
the shoulders and dewlap {(Matthysse, 945; Chalmers &
Charleston, 1980b). In mixed populations, i. vituld

4
4

congregated on the lower and FB. bovis on the upper bod

€,

i

regiong; however in sgingle-~species infTestations each specie:
was present in approximately even numbers over the whole

body, and this was interpreted ag indicating some antagonism

hetween species (Lewis ef al., 1887;. It was claimed that in
heavy infestations, the lice tended to congregate in species-
gspecific colonies, but in moderate infestations, considerables

intermingling of species occurred with no apparent antagonism
{Lewis et al., 1887). However, in their study, only a few
cattle were examined over a short periocd of time, average
numbers of lice, not individual counts, are presented, and
the cattle were prevented from self-grooming. The
distribution of £B. bovis and ZI. vituli on the body of cattle
is probably determined largely by +{the combined effects of

coat density and accessibility for grooming by the host

(Chalmers & Charleston, 1980h). Greooming by the host may
play & large part in reducing louse numbers (Utech ef al.,
1969; Chalmers & Charleston, 1980b; Murrav, 1987) and can
therefore affect the distribution of lice over the host’s
body, as well as educing the total population level. No

o o

data are available for the distribution of lice on an

individual goat, cor the different densities of lice present

3

between goats.

1.4.5 Louse diets

Lice have been reported to cause damage to their host {(see
section 1.5}, and it may therefore be important to chemically

control louse populations. The identification of a feeding
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habit provides =2 useful basis for studying the effects of
novel eradication treatments, particularly those administered

o
systemically to the host {(Sinclair, 1882, 1983) and, perhaps,

explain how damage 1is caused.

Anoplura suck blood from the host, and their mouthparts and
digestive svsten are highly modified for this purpose
{Stojanovich, 1845). There are many and varied reporits on
d

el

o
6}

W
®
[ay
el
e
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the diet of chewing lice. Hopkins {(19498) s that

Mallophaga have long been known to feed on hair or

but he did not differentiate between Ischnocera and
Amblycera. Ischnocera have alsoc been reported to feed on
hair by Peterson & Bushland (1958) and Drummond (1883). It

is difficult to observe Ischnocera in the process of feeding
due to their small size and the position they adopt at the
gkin surface {(Sinclair, 18983). Therefore, methods em

to determine the food substances are in viftro feeding
¥periments, gut content analyses, or higteological

technigues.

Qormazdi & Baker (18789) reported that although B. bovis may
ingest Tine calf-hair, the main food of this louse appeared
to be the stratum corneum and skin debris of cattle.

However, thev Tfound ne damagde to the cuticle of fine hair
under microscope examination. B. bovis did not feed on dry
blood or on the dead bodies of lice {Qormazdi & Baker, 1979).

Their evidence was based on pigmentation of the abdomen of
lice which had been held in vifro in containers with
potential food substances. These substances had been ground
and stained with 1% toluidine blu Lice which were offered
ground calf skin scales had dark blue abdomens. Three lice
which had been confined with ground secondary hair, and two

1i

[
o

ontfined with oprimary hair, had lightly stained
intestinal contents. Oormazdi & Baker (1879) apparently made
no attempt to «clean hairs prior to them being ground and

stained, and it is highly likely that the hairs were coated
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with skin secretions such as apocrine or sebaceocus gland
secretions, or small fragments of epithelial debris.

There appears to be some controversy over the inclusion of
wool in the diet of 2. ovis. McKenna & Fearn {(1852) stated
that £A. ovis did not cut or ingest wool fibres, and
Waterhouse (1953) considered that it may rarely ingest but

E
{1983) stated that this lousse
N i

not digest wool. Drummond did
ingest wool. McEenna & Fearn (1952) and Drummond [1883) did
not give any evidence for their viewpoints. These are

‘popular press’ publications, and din wmy view represant

t

p

n
cpinion rather than fact. aterhouse (1953) examined the
1

digestive system and gut contents of several species of lice

Lem
and reported the main food of mammalian lice to be epithelial
debris and skin secretions. Hopkins {18970) was able to
successfully rear £. ovis for 10 months in viftro on a diet

prepared from skin scrapings obtained from 2 shorn sheepskin.

A very comprehensive study using several different techniques
assessed the dietary components of £. ovis (Sinclair, 1983).
He determined that F. ovig ingested loose epithelial debris,
skin secretions and material which they actively chewed from
the skin surface,. The fTasces of lice contained undigested

lipid complex from the epidermis, and epidermal sguames.
However, the presence of lipase in the gut of B. ovis
suggests that at least some lipid is digested. Wool fibres

were not ingested (Sinclair, 1883).

The only studies available on the diet of goat chewing lice
are the in vitro studies of Hopking & Chamberlain (1989),
Hopkins et al. {(19786), and Benitez FRodriquez e¢ al. (1881).
Hopking & Chamberlain {(19869) successfully reared a colony of
B, Iimbatus and B. crassipes on a diet of skin scrapings
obtained from a clesely-shorn goat skin. The colonies were
maintained through 11 and 10 generations respectively.
Bovicela crassipes and #&. limbatus were alsec reared

successtully on artificial diets prepared from a variety of
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ingredients using the flesh and skin extracts of different
animals as & base, in an effort to standardise rearing
procedures. Benitez Rodriguez ef al. {1981) maintained Z&.
caprae in vitro on artificial diets. The optimal culture

medium for F. caprae was a mixture of dried flesh scrapings,

brewer’s yeast, and hair.

1.5 Effects on the host of infestation with lice

There have been various, often unsubstantiated, reports of
reduced liveweight gains in louse-infested hosts, and even
deaths of hosts have been attributed to lice. If these
reports are true, then t1lhe importance of louse control to

farmers can

et

o
ot be overstated, but scientific evidence for

such effects ig very limited.

atthysse (189486) observed that JBovicola bovis caused a skin
reacticon in cattle, with resultant loosening and falling out
of the hair. Linognathus vituli apparently loocsened the hair

less than B. bovis but more than Hesemaltopipus eurysternus and

Solenopotes capillatus {Anoplura) (Matthvsse, 1848). These
observations may possibly be explained by the natural loss of

the hair ecoat in spring, or by the «cattle rubbing so

vigorously as to remove hair. Matthyvsse himself reported the

skin of lousy cattle +to be raw from constant biting and
scratching, but such severe reacltions are extremely rare (W A

¢ Charleston, Department of Veterinary Pathology & Public

Health, Massey University, pers. comm.).

There appears to be no significant ffe of  louse
infestation on liveweight gain in cattle {(Scharff, 1962;
Eettle, 1874; Cumminsg & Tweddle, 1877 Tweddle et al. 1977,
Chalmers & Charleston, 1980¢c; Cummins & Graham, 1482).
Schartf (1882) and Utech et al. {1888 stated that

t
infestations with #. eurysiterrus can cause severe anaemia and
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even death; and Scharff reported an increase in livewsight

ter treatment with derris

}ww’

"“’“z

gain in a2 heavily infested steer a:

{;)

root powder. A wveterinarian had diagnosed the steer as

suffering Trom severe anasemisa, but apparently no attemplt was

]

made to rule out causes other than lice.

Az for cattle, there appears to be no effect of lice

infestations on liveweight gain in sheep (Kettle & Pearce,

1874; Kettle & Lukies, 198Zb; Wilkins et al., 1882; Niven &
Pritchard, 1985). THowever, heavy infestatiocans o¢f lice on

sheep can cause intense irritation eliciting restlessness and

4

ratching which can damage the fTleece

vigorous rubbing o c
952 Kettle & Pearce, 1974; Sinclair,

s
(McKenna & TFearn, 1
1978) {(see section 1.6}. Decreased clean wool vyield and
increased processing losses have been described Tor Merinos
in Australis (Wilkinson of af., 1882) but thig has not been
observed in New Zealand sheep (Hettle & i{lukies, 1882b).

ITnecreased secretion of yolk and suint occur, reducing the

scoured vield of affected fleeces {Kettle & Pearce, 1974:

Kettle & Lukies, 19845, Yellowing and loss of brightness
can also result from louse infestations, and downgrade the

]
<o

wool (Kettle & Lukies, BZ2ay.

There are no data in the scientific literature on the effect

of louse infestations on goats. Thorold (1963) claimed that
lice (L. africanus and FB. caprae), their ovipositiocn, and
excreta caused mohair te become matted, stained and
iustreless, besides weakening and breaking the fibres. Goat
farming manuals frequently contain <¢laims that louse

infestations cause problems such as skin irritation, rubbing

and scratching (Eberhardt, 1875, Salmon, 1978; MacKenzie,

1980 Drummond, 1983, Rumble, 1985 Pond, 1986, and many
others). Shields & Shields 119495 Gregory (1878},
Hetherington (1978), and Coleby (18985) claimed that lice do

not form large infestations on well—-fed and healthy goats,

because, according to Gregory (1878), lice are "unable to
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live in the oil which 1is opresent at high levels” in the
fleece of healthy goats. Lice may causs the condition of

ate further (Shields

r
3) stated that heavy
o

Y | od, can lead te the
host’s death. No evidence was given by Drummond. However,
all authors report that goalts are easy to treat for lice by
applying insecticides to the hair coat. These vreporbts are

not based on scientific evidence, and no information is given
on the basis or sources of these claims. On  the basis of

data given for cattle and sheep, it would seem reasonable to

1

I

veweilght gaing in

Q

assume that lice would have no effect on
£
£

goats. Anocplura may cause a further deterioration in the
condition of unhealthy animals, but death caused by Anoplura
must be proved by post-mortem examinationsg eliminating all

other causes.

.6 Economic effects of louse infestation

froenk

There is little information availsble on the economic effects
of louse infestation, It has been st ~ated that the

the aesthetic acceptance

5"3-»
L‘b‘
)
o
]

sccurrence of parasites infl:
ability of a product (Morris & Meek, 1880) and
f

income to the farmer.

Steelman (1878) estimated losses to the United States economy

to be US$97,800,000 per vear solely Trom lice, alt

form the damage took was not stated. A figure gquoted on its
<3 =4 2

is not particularl

o
foud o
Q
e
-

own, with no further informa

.

}?
It is difficult to imagine lice causing this much loss of
f

1

lude the cost of control

(=N

43

3

income, although thig figure may
measures and coasts related +to damaged fences. Von Hotz =7
al. {1983) reported that I. vifuli {éncplura} caused a focsl
exocytosis and that leather produced from cattle infTested

with this louse revealed somewhatlt dilated pores. However,




dilat
cattl
and 1

ed pores were also apparent in leat

r from uninfested

( v

e. Aovicoels hovis left no  obvious changes in the skin

eather. It is therefore unlikely that L. sfenopsis or

-
b8}

Bovicola spp would affect the appearvance of goat leather.

Treatment of

¢
W
o

ice is compulsory for sheep farmers in New

Zealand {Xettle & Pearce, 18745, and this represents an
@

annual

assess veliably (Kettle, 1a

cost of about NZ$7.5 million for labour and materials

1885). Noe such legislation pertaining to goats has

E)
introduced. The economic significance of the effects of

on wool guality is not nown, and is impossible to

Q‘JD
1

31 this would also apply to

Aims

rerall purpese of this study was to determine some basic

ical fTactors affecting the distribution of Aovicola

caprae, B. limbatvus and Lincgnathus stepnopsis. Understanding

the ecology of an animal may enable more effective measures

to he

1.

[N

undertaken to control or evadicate it.

non-random distribution of lice has been noted on
cattle {Craufurd-~Benson, 1941 Matthyvsse, 1846
Chalmers & Charleston, 18B0b) and sheep (Kettle &

Pearce, 1974). A major aim o this s=study was to

on a goat, and

Bowend
foud
¢}
6]

examine th distributicon of

[0
(wéa-
=

ilar areas.

N
=
(mk
fond
(@]
jout

determin: eir preferences fTor p:
If preferences for particular areas are apparent, there

must be some factor or factors causing the distribution

kS
L

[l
[0

r

ot

. A =mecond aim was to determine fibre

sat’s body, and relate these

ke
o

[
e

1ar istics over th

o
o,

ac
the observed distributicn of lice.

o
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Lice lay their eggs o¢n fibres, and the occurrence of
suitable fTibres in the fleece may help to account for

any non—random distribution of the lice. A third =aim

was to examine the size of  hairs used for oviposition

and the proportion of eggs in each area, and relate
these to the number of ale lice in each area.
Mammalian lice exhibit seasonal FTluctuatiocns in

abundance, with the highest population levels occcurring

@
in winter (Matthyvsse, 19486, Scott, 1852, Chalmers &
Charleston, 1980a.,b). The fourth aim of this study was
to investigate the effect of temperature on the build-

. 1 1 I S
up of louse populations.

Differences in louse population levels between goats
were observed during the course of this study. A

further aim was TfTormulated, to determine physical

=

arameters of goat skin and hair which may account for
wr 4

differences in louse populations on individual hosts.

A satisfactory method to accurately assess levels of
louse infestation on live hosts is needed. The final
aim of this study was to evaluate current counting
techniqgues for estimating louse numbers on live hosts
{Kettle & Pearce, 1974; Chalmers & Charleston, 1980b)

by comparison with post-mortem counts.
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2.1 Live and post-mortem sampling vprocedures

METHODS

1
on hayv, and drenched the

drench VALBAZEN, they provided an opportunity to assess louse
i

numbers by  iwo different techniques and to examine
characteristics of the fleece which might affect the
distribution of lice. On 12 June, an e of louse
abundance on each goat was made by dividing the goat’s body

i Kettle & Pearce, 1874

- ~oximately 5 1 PP e 1 e 5 was made 4n = e e

approximaiely o Ci Long 1n ihne 1iLieece wWdags madage in eacn region
s

each side of the goat {26 regions) and the numbers of lice

The 20 goats were killed and skinned on 15 June 1887. After

being placed hair-side-~down on a table, the skins were marked
by felt—-tip wpen around a template {(5x5 cm) in each of the 28
body regions. These sguares were cut

i
scissors and slong with all cut hair collected from within
3 &
b

that area {(Fig. 2}, placed in labelled containers and stored
at Z-5°C. Skins were discarded aflter sampling. Procesgsing
of the skins in this manner was consuming and up to
three skins at any one time were laid on the floor
separately, {folded in half twice, flesh-side-ocult) ca. 2 cn

* IVOMEC ® Merck Sharp & Dohme Litd.
1th Pr
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o
[
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¥ YALBAZEN ® Smith¥line Animal Hea.
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s
o the skin and retained, and the skin examined for

lice under a dissection microscope. Any liece remaining on
the skin were removed with fine forceps and returned to the
container. The skin was then discarded and the sample stored
at room tempervature.

2.2 Louse identification and counts

Bafore each sample was digested to retrieve the lice, hair
wag removed Tor the measurement of fibre diameter {(see

FEach sample of hair and lice was digested in 10% KOH for ca.
18 h {Palma, 1878) at room temperaturs; the resultant sludge

(1707 micron and 240 micron mesh size respeciively). The
material retained by the fine sieve was vinsed into a petri

{ were examined under a dissection microscope at =xl5
magnification) were transferred in distilled water to their
original container. After a wminimum of 1 h, the water was
replaced with 70% ethancl, and the lice stored until they
were identifised and counted using a dissecticn microscope
{(x15~30 magnification). Each louse was removed from ths
sample by pipetite as it was counted.

Linognathus stenopsis (Fig. 3} was easily separated from
Bovicola spp (TPilg. 43 on the basis of size and gross
morphology. Juvenile, male and female L. stenopsis were

identified {(Ferris, 1932) and counted separately.

Sepavation into species is virtually impossible for Jjuvenile
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Aovicola were smaller than adults and had unscleroctised
abdomens {(Fig. 573. Females were larger than males and had
rounded abdomens (Fig. 4), whereas males had pointed
abdomens. The males of B. caprae {(Emerson & Price, 1875;

Wallaceville, pers. comm. ) were identified by the shaps of
their penile stylets (Figs 6 & 7 respectively). Juveniles
and females were counted sepavately as fBovicels spp, and
males were identified to sgpecies and counted. Bovicala
limbatus males were present in very small numbers so the tweo

Numbers of lice in the 520 samples were compared using
analyveis of variance (ANOVA)Y {*Genstat’ - Rothamsted
Experimental Station, 18980) between goats and regions to
determine the relative abundance and distribution of lice;
each genus was Lreated separately. Replicate sanmples fromnm

each goat also enabled analvysis of the interaction of louse
numbers between goat and regiocn using ANOVA. A logarithmic

The number of JFovicola app in each regicn was CcoOmpared
a

between sides by X . There was a sgignific

louse numbers between sides on each goat (see section 3.1).
For each side, the number of Zovicolaz spp in each region was

i
percentages were transformed using the arcsine transformation
fu)

{Sokal & Rohlf, 1881 and then compared between sides by &%

for each goat. A corvelation coefficient {1} was obtained
for the transformed percentages of JFHovicola spp in esch
region between the left and right sides of each goat. There
was no significant difference between the percentage of lice
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sercentages of Bovieola spp in  each region analysed using
ANGVA to determine an overall pattern of louse distribution.

analvsed (after logarith

differences between goats or regions, and for an interaction
effect. The number of 7. stenopsis on most goats was too
small to permit I comparisons Tor each region between left

and right sidesg; a comparison of the total counts of £I.
stenopsis on esach side of sach goat was therefore performed.

region were converted to a percentage of the total number of
L. stenopsis contained in all the samples obtained at posi-
mortem for each individusl goat. The percentages were then
ranked for each goat, and compared by Frisedman’s two-way

in louse numbers between
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A correlation between the numbers of Fovicela spp and 1.
sfenopsis in each region was determined for sach geat. The

corvelation beltwesen the number of Pevicola spp and L.
stenopsis over all goats was also determined for each

individual region. The dens

e
o

i
termined for esach goat by divid

:

s

tovicola spp or L. =

£
(&3]

{regions) and 25 (

Ly
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e
4

The number of vicola spp counted in twenty-six 5 cm h
partings on each goat was corrvelated with the counts of these
lice in 5x5 com sguares at post-mortemn, and a regression
analysis was carried out. A square roolt transformation was

performed on the data from the post-mortem counts (Sckal &
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2.3 Fibre diameter measurement to obtain an estimate of

fibre density

Fibres were measursd and then classified into primary and
secondary fTibre types. A2 secondary to primary ratic {8P
ratio) was used as an sstimate of fibre density. A random
sample of  hairs was taken froem most containers and a 1-2 mm
snippet of hair cut from the growing end of the fibres {(i.e.,

the end which had been cut from the skin). This subsample

was prepaved Tor measurement of fibre diameter on a VYisopan

-

{Reichert) projection microscope following the standard set

H
s

b iasirs were spread in paraffin oil under a coverslip on a
microscope slide and diameters measured at %500
magnification. Measurements were in units of 4 micrens {(0-4,

Most, bult not all, primary fibres have a visible medulls

primary and secondary fibres was arbitrarily chosen as the
point at which the frequency began to increase agsin after
3

the first peak (i.e. at  >36-40 wmicron in Fig. 103}, The

separation point therefore varied between samples. In some
gsamples there was no continuity between the diameters of
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The SP ratios {see section 3.2) were analvsed using ANGVA to
test for differences hetween goats and belween regions. Tt
was not poessible to test for an interaction effect because

1

o
replicate data were not always available. Data from the left
w

and right sides were gpooled where availa

between the mean S5F ratio and the 8P ratioc for the nmidside
patch for each goat were determine

d
sapp or L. sftenopsis was also corrvelated with the SP ratie
1

apT for
the midside patch. Hegressgion analysis was performed for the
significantly correlated wvariables. A A analysis also
compared the mean and total 8P ratics between goats and
between regions.

2.4 Diameter of hairs with eggs attached

The diameter of  hairs with eggs attached was examined to

o wobtain a single fTigure for comparisons of

diameter. The eggs of Bevicala capraes and B. limbatus could
not be distinguished from each other. The eggs of Bovicola

spp and ILinognathus stenopsis were separated on the basis of
t

c
and smoobthness of the cement attachment (Figs 11 & 12). N
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and . stenopsis, between the percentages of eggs and
femal £ ach respective gen: and between the percentage
females of each respective genus, and between the percentage
of eggs and mean SP ratios in each region were calculated.

2.5 Distribution and abundance of lice under controlled
+

temperatures

As a winter build-up in louse pepulations has been noted {szee

section 1.4.3), an experiment was conducted to examine the
effect of ambient temperature on louse numbers,

2.5.1 Experimental procedurs

5ix  G-4 Saaneny Andora six-month-old wether doats were
obtained; only six animals were examined due to a shortage of
space in the controlled temperature rooms. They had been
drenched with IVOMEC on 25 January 1887. On 26 January, they
were transported to the Animal Phyvsiology Unit at Massey
Universgity and separated into two groups. Goats > similar
size and hailr characteristics were paired, and one of each
pair randomly allocated to a different group. Rach group of
three goats was kepl 1in a room which had been light-proofed

cyele  from twe 1.8 m cool white fluorescent tubes. The
thermostats were adjusted so that the cool-room goats {CRG)
were exposed to temperatures of 15 + 29C and the warm-room
goats (WHG) were exposed to 25 + 29C; ambient temperatures

I
were recorded on maximum-minimum thermometers near the goats.

¢

9 February, the cool-room temperature was lowered to 10 +

g




mean temperatures experienced in the Manawatu {Gerlach,
1874 .
The goatg were housed in adjoining 1.25 x 0.898 = 0.%95 m wire

ig. 12%) and held by =

“
dog—collar with one chain attached to each front corner to

prevent escape. Unfortunately, it was not possible to
prevent self-grooming with these chainsg which had to be long
enough to enable the goats to feed. The cages were geparated
with 3 mm thick clear vperspex to prevent physical contact

washed down and fresh water given to each goat at every

a veterinary surgeon on three occasions during the 5.5 months
of the experiment. Internal temperatures and respiratory
rates were recorded at these times. A course of 5 co of

2.5.2 Examination and infestation with lice

On 18 February, all six goalts were examined as described in

section 2.1, and no lice were Tound. When they were re-

[
i}
jau]
s ]
e}
3
<
v
5]
@
a2
i“"" 4
@
whe
v}
e
joud
!..,)
=
o
p»«l
s
o
fa
fomnd
et
ot
o
s
3
~—
feed
e
D




e

i
o

fizy

o
5
o

W
i

]

43
geeoed

et
o

o




35




<
&

examined on 10 March, two CRG and one WRG were found to have

i

Bovicola spp. These could not be identified to species as

only female lice wers found. However, no lice were found on
the remaining three goats. All six goats were re—examined on
12~13 March to attempt to quantify louse numbers prior to the
artificial i1nfestation.

Lice were collected on 12 March from domesticated “feral’
goats at the D.S5.I.R. {Grasslands Division) ‘Ballanirae’
farm, Woodville, by cutting off hairs with JBovicols spp
attached and placing them in a plastic bag. Live lice were

&
calico saddle which was tTied

b

the neck and behind the fore
ive dayvs later and ewamined for lice adhering
f

If any were found, they were Ifrans:

goat’s neck. Because two gZgoats resisted their initial
infestaticns, each was re—inoculated with 240 lice on 7
April, and again on 23 May. Excess lice and hairs from the

st and second col
378) and the males identified, to determine the proportionsal
representation of each Bovicola species. The louse

populations present on each doat were determined weekly by

counting them in twenty-six 5 cm {fleece partings (Hettle &
Pearce, 1974} for 18 weeks until 9 Julwy. For unavoidable

the louse counts were made by several pecple from 1
May to 12 June 1987, but from 186 Ma A

T
ounting was done by the author.

-
0y

18 June to 8 July

¥

Skin temperatures were measured 1in several body redions on
the torso of each goat over 4 davs using & hand-held digital
thermometer or a mercury thermometer held for 20 & against

the skin and covered with hair. Not a1l regions were




measured on all goats each time due to thermometer problems,

4 subiective assessment of skin scurf abundance was made for
each goat on 26 June.
On 10 July, the goats were killed with sodium pentobarbitone,

skinned, and the populations of 1lice on each sampled as

follows. Twentvy-six hair and skin samples were collected
from each goat as described previously {section 2.1). On
this occcasion, esach skin was sampled before the next one was

air diameter were made as described in

. 3. Similar analyses were performed.

2.5.3 SF ratiocs of goats in the controlled temperature

Tooms

The secondary to primary hair vratios (8P ratios) were
determined for the six saanenzangora goats by the same

goats which maintained lice throughout the trial

3.8.1) were correlated with 8P ratios.

2.5.4 Estimation of sreasse and  suint  content of the
fleece

The left-over skin was thawed, and patches of hair shaved
from the midline and sides and mixed together. Duplicate
samples of Z-4 g were weighed to 0.0001 ¢ accuracy and placed




in a thimble in a refluxing tube.
sample was sextracted for © h  in
apparatus (Daly & Carter, 1954)
{at BB°C overnight) and weighed
oven—dried at 85°C cvernight, co
weighed to 0.0001 g accuracy. Th
the =ample was recorded as a
hair. Onece the Tat had been extr
from the thimble, placed in

distilled water. This sample was
glass rod, and the solution p
80°¢C for 3 h) and weighed Whe
Washing was repeated until the so
washings)y. The filter paper was

and weighed, and the suint and
paper recorded as a percentage of
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can also be caused by large differences between replicates
{Sokal & Hohlf, 1881). 4As  has
Bovicola Spp in the replica

significantly different, but the transformed percentages did

not differ significantly. The numbers of lice on the left
and right sides were pooled to obtain one count per region,

further analvsis was performed on the pooled data, not the

es, unless otherwise stated.

compared {(afiter arcsine +transformation) by two-way ANOVA
without replication. As all goats had a common base [100%)
it was possible to test for differsnces in the proportions of
lice between regions, and these were found to he
significantly different (F = 40.52, p < 0.001}). The mean
percentages of lice in each regdion are shown in Fig., 1&. The

The mean density of Bovicola spp per cnm? is given for each
goat in Tabkle 5. The female to male ratio {(data combined for
all 20 geoats) was 1.812:1. The Jjuvenile to adult ratio was
1.682:1.

3.1.2 Linognathus stenopsis

The log-transformed louse counts for L. s

~ o~

regions on esach of the Z0 goats were analysed using two-way

ANOVA with replicates for differences between goats, between

s
regions on an individual goat, and Tor the distribution of

r
e on a goat’s body. The ©populations of ILinognaltius

Yot
fod o
9]

stenopsis differed significantly between goats (Table 2).
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The value “18° was chosen as an arbitrary cut-off point to
represent a ‘fTunctional’ lack of I. The mean
density of 1. stenopsisz per com? ig given for each goat in
Table 5. The female Lo male ratio was 1.311:1, and the

3.2 Interaction between Bovicola spp and ILincognathus

stenopsis

The counts of Foevicola spp and L. sternopsis in each region on

individual goats were compared, bult on only two goats was
there a significant correlation {(Table 2). A  comparison of

lovicola spp and L. stenopsisz numbers in each region across

all 20 gZoats was also made but in only two instances was
there a significant correlation {(Table 3. There wasg a

significant correlation between the total counts of fovicols

spp and L. stenopsis on easch goat (s = 0.4060, ¢ = 1.85, p <
$.05) but 1t was not significant when the Tive goats with <10

8, p > 0.05}. The number
of Aovicola spp was ow (<1000 lice in the 28 regions) on
three goats (goats 7, 11 and 97, and the number of Z.

was low. There were more Fovicela spp

st
iy

all goats except goat 11 which had lo

numbers of both. The 20 gdoats were again separated into two
groups on the basis of total numbers of . stenopsis. The
total number of lice for each region was ranked for the 15
goats which had >10 7. stenopsis and the 5 goats with <10 Z.
stenopsis (doats 88, 8%, 108, 107, 110). There was no

g
significant difference in the distribution of I. stemopsis on

that the ©presence of L. stenopsis did not affect the
distribution of JBovicola spp. Bue to the low numbers of 1.

was not possible to do the reverse
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L . "
in this study. ¥

combined

o
i}
e
jev}
}4»..1
[l

e
y, or SPie (r = 0.822) although

the SPug (7T )
SPn and SPuge differed significantly on sach goat (5 = 1Z8.7,

i

data and enable other workers to make comparisons with it, T

will use the midside patch, and conseguently SPs, as a
meagure of the fibre characteristics of the 20 goats.
There was no correlation between SPr  and the number of

&
pp in the midside patch on each goat (r = $.213),
ov the number of L. stenopsis in the midside

with »>10 L. sfepmopsiz in their 26 regions {(r = -0.103)]

Bovicels spp, the correlati
the midside patch and the mean Tibre diamelter of either
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patch {on those goats which had »10 I. stenopsis in their

©y
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and the mean fibre diameters of primary (r = 0.1

or secondary Tibres (r» = 0.080).

2.4 Diameter and distribution of hairs with eggs attached

T
gs were attributable to either JBovicola spp or L.
ggs  genevally occurred on single hairs,

they were sometimes found attached to bundles of hairs, which
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were arvanged in a uniform manner. Where eggs were attached

n
to twe hairs the louse’s gonopods would have had to stretch

arcound both. The hairs in bundles of three or four were
alwavs bound tightly together in a close-packed arrangement,
such that =a friangle or sguare shape, respectively, was
Tormed. In bundles of two to four hairs, the diamsters of
the two largest hairs with eggs attached were summed to

sbtain an estimate of the diameter of

i
gonopods would have surrounded in order to attach the e=gg.

- ¥
For eggs attached to more than four  hairs, several
. oy E . - - 143 - A 3 5 N s g - %
arrvangements occurred depending on the relative size of each

hair. Tt was therefore not possible to accurately estimate
the diameter experienced by the lice of bundles of over four

hairs.

o
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o
fonta
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s¢ was attache

e
i
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Cad
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summed diameters of the two hairs was 49.0 (8.

305). Data for the sum of the diameters of the two largest
hairs when eggs were attached to three or four hairs
reagpectively gave mean diameters of 43.2 {(s.D. = 10.4, n =
117) and 42.2 {(8.D. = 11.4, n = 24). There was no

gsignificant difference in the diameter of hairs used for
of single hairs was compared

p r
with the combined diameters of two hairs with an egg attached
K ad
EX

£
when compared with three hairses (¢ = 4.10Z, p < 0.003) or four
.{5.

hairs { = 2.237, p < 0.025). However, there was no
cant difference when the diameter of single hairs was
compared with combined data for eggs attached to two, thre
£

or four hairs (& = 0.6833, p > 0.058). The mean dismeter o
1

multiple hair groups was 47.1 microns (8.D. =
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4.2 Eggs of Iincognathus stenopsis

VLT'

-
.

More eggs were cemented §

o
multiple hairs (Fig. 18). The mean diameter of s

.

i
with eggs was 59.0 microns (8.0, = 13.8, » = 364) (Fig. 18
s

4
s
o
"y
m
[
Joni e
Y]
=)
@
-
0
Q
)]

the sum of the diameters of the two largest hairs when eggs

were attached to three or four hairs gave mean diameters of
89.6 (s.p. = 14.4, » = 41) and 57.3 (8.n. = 13.2, =» = 12},
respectively. There was a significant difference when the
diameter of single hairs used for oviposition was compared

twoe hairs (7 = B6.585, p < 0.008), or

when the data for eggs cemented to two, three or four hairs
was combined was B89.0 micronsg {(8.D. = 18.9, z = 170). There
wasg a significant difference in the mean fibre diameter
between eggs cemented to single hairs and to multiple hairs

(¢ = 7.11, p ¢ 0.005).

3.4.3 Comparison of fibre diameters used for oviposition
by Bovicols spp and linognathus stenopsis
Linognathus stenops Iaid their eggs on fibres of a
gignificantly greater diameter than Bevicola spp, when
attached to single hairs (¢ = 14,23, p < 0.001, » = 1173} or
£

two, three and four hairs (¢ = 18.11, p < 0.001, »n = B818)

3.4.4 Regional differences in oviposition by Fovicola
spp and ILinognathus stenopsis corrected for louse

numbers




Table 9: Total numbers of eggs and females identified to genus in each region as a percentage of the
total number of identified eggs and total number of females in the 5x5 cm samples respectively.

Regions as defined in Table 3.

Genus Region

W L S1 52 R1 R2 Fl F2 Ql Q2 A C T Total

Bovicola spp

No. of eggs 88 103 105 87 130 104 151 127 1561 51 61 21 5 1185
% of total eggs 7.43 8.69 8.86 7.34 10.97 8.78 12.74 10.72 12.74 4.30 5.15 1.77 0.51 100%
No. of females le62 1770 1801 1798 2274 1821 2269 1603 1547 1278 B84 643 376 19,726

% of total females 8.43 8.97 9.13 9.11 11.53 9.23 11.50 8.13 7.84 6.48 4.48 3.26 1.91 100%

Linognathus stenopsis

No. of eggs 0 0 33 65 25 72 10 71 23 75 69 37 33 513
% of total eggs 0 0 6.43 12.67 4.87 14.04 1.95 13.84 4.48 14.62 13.45 7.21 6.43 100%
No. of females 27 9 59 123 65 33 34 52 51 90 29 74 78 724
% of total females 3.73 1.24 8.15 16.99 8.98 4.56 4.70 7.18 7.04 12.43 4.01 10.72 10.77 100%

09



the 5 regions are included. There were significant
differences between genera in the relative distributiocn of

regions of upper ribs {81, Tlank
and lower flank (F2) {gee Fig. 1), while regions each with

more than 10% of the Z. sfenopsis eggs were the lower flank

N
S
ol
i
[a¥

and shounlder (8§

the percentage of the total identifiable eggs laid in each
region by Fovicoela spp (E) for all goats (Table 9). The
relationghip is best described by a linear regression (E =
-10.2% + 5.31 8Pur) and thus there was a tendency for morse
eggs to be laid by FBovicola spp in rvegions with a higher 8P
ratic than in regions with a lower ratio. There was poor

The percentage of Hovicola spp females {[(B) and the percentage
of eggs laid in each region {(E) were significantly correlated
(= 0,707, £ = 3.32, p 0.0058%, and the linear regression

spp, there was also a significant corvelation (r = 0.840, ¢ =
2.76, p < 0.01) between the percentage of females [(B) and
SFPxr for each region: the linear regression equation
relating the itwo is 8Pur = 2.85 + (.10 B. However, there was
no significant correlation between the percentage of female

L. stenopsisz and the perce
1




3.5 Validation of the live sampling technigque

was performed using a square root transformatieon on the raw
data because counts freqguently follow a Poisson distribution,
and & sguare root transformation is used to normalise these
data {(Sokal & Rohlf, 1881). Other transformations (log o

transformation produced & regression line with the most
£ £

least squares vregression eguation vrelating T and D was L =
1.703 + 0.878 JD. There was a significant correlation
between live and post-mortem counts {r = 0.580, ¢ = 16,20,
p < 0.005).

The correlation between the total number of lice in 13
regions counted by flesce partings and the total number of
lice from the 26 regions at post-mortem was
also g0.884, ¢ = 8.02, p < 0.005). As the

g were less accurate and more open to sampling

o
i1
N

[

3.8 Distribution and abundance of lice under controlled

temperatures

Louse population change

e
Joomd
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n

‘cats {CRG 2 and CRG 3) and one warm-room goat
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{WRG 1) were found to have & small number of Boviceolsa spp
prior to the artificial infestation. Only females were
found, so  identification to species was not possible. No
lice were discovered on the remaining three doats. Table 10
shows the number o lice counted on the goats prior io
inoculating each with 200 {female and 40 male lice on 14 March
1987. The succesgsive counts of lice after inocculation are
recorded in Table 11. Two goats {CRG 1 and WRG 2) were ve-
inoculated with lice on two occcasions as noted in Table 11.
The excess males from each collection of lice were identified
to give an indication of the vproportion of each species in
the infestation population. Onn 13 March 1987, there were 68
B. caprae and 12 F. Iimbatus wmales rvemaining, and 49 B.capras
and B B. Ziwmbatus Trow the idncculation on 7 April. Cn 298
May, the inoculation contained 23 B.caprae nmales and no .
limbatus.
Table 10: Humber of lice in 13 flesce partings {on one sids
only) on the gix szanenzangorsa tal goats
prior to artificial infestation with lice on 14
March 1987. CRG = cool-room goat, WRE = warm-rooun
goat.
Date CRG 1 CRG Z CHG 3 WRG 1 WRG 2 WRG 3
10/3 0 2 26 3 } 0
12/3 0 13 18 2 0
13/3 0 2 12 1 0 g
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ed lice throughout most of the

v
1.88, p < 0.05). Again theve were large differences in the
h

region are shown in Table 13, Two-way ANOVA with replics
—t 4

The mean density of Bovicola spp per cm?® is given for each
goat in  Table &, The proportion of Juvenile to adult
Bovicola spp Tor the four goats was 1.316:1, and the female
to male ratioc was 2.730:1.
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.2 SFP ratios on experimental goats under controlled

Two—-way ANOVA was performed on the SP ratios

rimental gfoats undey controlled temperatures

v the counts (D) obtained from the samples

collected at slaughter on the following day for each
corresponding  region (Fig. 225, Hegression analvses were
performed on the raw and transformed {log-normal, log-log,
and square rool) data. The sguare root transformation
provided the regregsion eguation with the most balanced
residuals {1 = -=0.44 + 1.98 D) and the best correlation
coefficient {r = 0.747) which was highly significant {{f =
11.2347, p» < Q.0057.

2.7 Physical characteristics of the louse habitat

3.7.1 bservations on the appsarance of the coat

There was congiderable variation in the amount of skin scurf
pregent on the six experimental goats. There was abundant
lcose scurf throughout the fleece on CRG 1 CRG 2 had large
flakes of loose greasy scurf predeminantly arcund the back of
the neck {(vegions W1, S1 and 82). The hair on CRGE 3 was
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matted, especially on the hindguarters and around the
toggles, and scurf was abundant throughout the fleece.

The fleece on WRG 1 was matted, and there were small pisces
of dry scurf throughout the fleece. WRG 2 had a small matted
area around regiocns Fl and LI. There was an abundance of dry
scurf over the whole of the body There was a small amount
of dry scurf all over the body of WRGE 2. There was no
apparent relatiocnship between the degree of scurfiness and
the presence or absence of lics.

Shedding of cashmere was apparent on WRBG 1, WRG Z and CRG 3,
and to a lesser extent on WRGE 2 and CRG 2. There was very
little shedding on CRG 1 and shedding was not consisiently
related to temperature in this study.

2.7.2 Goat health

All six goats had internal temperatures and vespiratory raltes
within the normal range {Table 153, There was o no
relationship between goat weight and total louse numbers in
the twenty-six 5x5 cm regiong (Friedman’s Z2-way ANCOVA by
rank, & = Z.93, p G.08).

3.7.3 Skin temperatures

There wevre lower shkin temperatures on the two goats which
lost their louse infestations {(CRG 1 and WEG 2) and the goat
with wvery few lice {CRG 2) than on the other three goats
{Table 186). Table 17 shows the statistical =significances in
skin temperatures bhetween goatbts. There was a significant
correlation between the mean skin temperaturs {(T:) and the
number of JBovicola spp (B on  each experimental goat [ =
0.830, Fo= 2.876, p < 0.025). Lice were present in
greater numbers on the goats with a higher skin temperature

(Tx = 33.39 + 0.02 /).
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Table 15: Internal temperatures, respiratory rates and
liveweights of the six saanenzangora experimentsal
goatg. CRG = cool-room goat, WRE = warm-room goalb.

Date Goat
CRG 1 CRG 2 CRrRG 3 WHG 1 WRG 2 WRG 3

Temperature (°C) %

29/4 29,1 aR.7 38.8 - - -

3/6 35,1 38.0 38.7 39.1 29.0 38.9

1/7 38.2 38.2 38.2 38.3 38.7 38.5

Regspiratory vate {(per minute) ¥%

3/6 28 38 28 2 24 28

Initial weight (kg)

2472 21.15 23.80 15.70 11.860 19.16 18.680

Final weight (kg)

9/7 23.384 25,90 21.50 16.83 18.93 19.84

Weight gain (kg)

2.79 2.10 5. 80 5.23 -{.83 3.24
¥  Critical internal temperature for goats is > 389.39(¢. @

¥% Critical respiratory rate iz > 42/minute continuously. ©

& M. Mervall, pers. comm.
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