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Abstract

Communal Production Systems of Goats Raised by Rasae-Poor
Farmers in the Eastern Cape Province of South Afria
By

F. Rumosa Gwaze

Goats significantly contribute towards the subsiste economic and social livelihoods of
many resource-poor farmers in developing counttiesmajority of which own goats. There,
however, is dearth of information on communal goetduction potential and roles to the
rural populace. The broad objective of the studys wa evaluate production practices,
constraints, production efficiency and to determimaritional and health status of goats
raised by resource-poor communal farmers in theelEfasCape Province of South Africa.
Roles and management systems of goats, goat figehntics and, prevalence and loads of
gastrointestinal infections and the nutritionalts$aof goats in the study areas were
determined. The relationships among body weightlybmondition score, faecal egg counts
and, haematological and biochemical profiles wdse determined. Mean goat flock sizes
per household were similar between the two distrgtudied; Amatole (14.@¢ 0.31) and
Alfred Nzo (14.1+ 1.42). Seventy-nine percent of households in Afeaad 78% in Alfred
Nzo kept goats for ceremonies, such as the imtiatieremonies. Goat houses in the two
districts were poorly constructed. Thirty two percef farmers in Alfred Nzo district and
27% in Amatole district reported low buck to dod¢ias, suggesting that inbreeding might
have been reducing productivity of their flocksdKnortality had two major peaks; in May
(21%) and in September (21%). Goat production g@te(GPP), the proportion of mature

and growing goats to the total flock size, was ciffd by gender of owner of goats. Goats



owned by female had a significantly lower GPP valfi®.63 + 0.015 than goats owned by
male farmers (0.70 = 0.010). Month also signifitamtffected GPP with the highest (P <
0.05) GPP recorded in May, June and July and thweedbin March and April. Village
affected GPP with values for Nkosana and Qawukemd significantly higher than for
Mankone. Goat production potential was also higRex 0.05) in small flocks (0.04 + 0.008)
than in large flocks (0.02 + 0.008). Goat productifficiency (GPE) ranged from 0.11 +
0.193 in April to 1.55 £+ 0.193 in December. The mpevalent gastrointestinal eggs were
the strongyle egg type (68.4 + 8.49 in Qawukeni 86d + 12.01 in Nkosana) followed by
coccidia (53.3 = 8.76 in Qawukeni and 68.8 + 8.@0Mankone). The other identified
nematodes wer&rongyloides and Trichostrongylus egg types. The trematodes observed
were Fasciola andParamphistomum species. High loads of strongyle eggs were obdeirve
the hot-wet season and the post-rainy season,twindther egg types showed a peak in the
hot-wet season only. For most of the gastrointakparasite eggs, prevalence was higher (P
< 0.05) in the sour rangeland compared to the sveageland. Higher (P < 0.05) levels of
total protein (TP), globulin, aspartate aminotrans$e (AST) and creatinine kinase (CK)
levels were recorded in the wet than in the dngeraBody condition scores were positively
correlated (P < 0.05) to albumin, body weight aratked cell volume. However, body
condition scores were negatively correlated to giRgose, alanine transaminase (Aland
AST. Strongyle egg loads were positively correlatedFAMACHA scores, packed cell
volume, body weight and body condition score. Theeoved high globulin levels suggested
a chronic health challenge. Thus, it is fundametttalevise affordable interventions for the
control of gastrointestinal parasites in commuraaltg leading to improved goat productivity

and hence rural livelihood.
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CHAPTER 1: Introduction

1.1 Background

Reduction of poverty by fifty percent, particulaitysub-Saharan Africa, in the proportion of
people living in extreme poverty by 2015 is onetbé millennium development goals
(Garforth et al., 2005). About 248 million people in Sub-Sahardanica are resource-poor
and live in the communal areas (Owetral., 2005). In South Africa, overall unemployment is
approximately 30%, with even higher levels in comiaduareas (Klasen and Woolard, 2008).
It, therefore, is imperative to improve productwif livestock in communal areas to increase
the availability of animal protein leading to impeal food security and wealth creation by

boosting livestock production.

Goats Capra hircus) can be used as a pathway out of poverty as theepwned by almost
every resource-poor farmer (Peacatlal., 2005; Hassaet al., 2007). Of the 223 million
goats in Sub-Saharan Africa, over 70% are locatedral arid and semi-arid agro-ecological
zones (Lebbie and Ramsay, 1999), where 65% of ¢loplp live (FAOSTAT, 2006). There
are approximately 4.8 million goats in South Afriglawhich 50% is found in the communal
areas (Shabalala and Mosima, 2002). About 3 millibthese goats are found in the Eastern
Cape Province (Estimated Livestock Numbers in t8&R2007). The greater proportion of
goats in the Eastern Cape Province is owned bydbeurce-poor communal farmers, and
these goats are characteristic of poor managenmehtoav productivity (Masika and Mafu,
2004). Since most resource-poor farmers own gdiaitsjnvaluable genetic resource can be
used in boosting these farmers’ household econditgit, improvement of goat production
can also be of benefit to the rich, remarkable fitnare realized by the resource-poor

farmers.



Goats are important to the subsistence, econondcsanial livelihoods of many resource-
poor farmers in developing countries (Kosgey, 2004)ey produce about 17 and 12% of
tropical Africa’'s meat and milk, respectively (Lebb 2004), which are likely to be
underestimates, given that most of the utilizabbigoats goes unrecorded. Communal goats
fulfil multiple roles that include provision of mgananure, milk and cash from sales of the
goats and their by-products (Thornteiral., 2002). Goats also play a major role in traditional
ceremonies (Ayalevet al., 2003). The relative importance of goats is, havespecific to
particular cultures, regions, agro-ecological zomesl countries, for example, in some
countries, such as South Africa, people discring@nagainst goat meat (Alexandee al.,

2008).

Goats in communal areas are less susceptible tmhit® than cattle and, have lower feed and
capital requirements than larger ruminaritsguez, 2004). They are better able to utilize a
variety of feedstuffs, including fibrous crop rasé$ (Holst, 1999). In addition, goats have
shorter generation intervals, reaching pubertyvat to nine months of age (Saico and Abul,
2007) and have a higher prolificacy in comparisoithwhe larger ruminants. Goats are
renowned for controlling bush encroachment (Mahamjand Cronje, 2000). Despite these

attributes, goats are still sidelined, even at bbokl level (Devendra, 2002; Lebbie, 2004).

Regardless of the special attributes that goatsgsss there is scarcity of information on the
productivity and production systems of goats in twenmunal areas. There are various
reasons for the underestimation of the value otggdeor example, contribution of goats at
household level is not well known. The current @dilon systems rely on monetary standards

that often ignore the non-monetary contributiongots to households. There are currently



few, if any, accurate estimates of the contributadngoats to human food security and

sustainable livelihoods (Peacoetkal., 2005).

1.2 Justification

Much work has been conducted on cattle and croplystmn than on goats with the
argument that cattle and crops make a larger agtgegpntribution to the formal national
economy than goats. However, improvement of goatlytivity offers opportunities for
most resource-poor people to earn better returnerms of cash and improved nutritional
status. To design feasible and sustainable deveotah programmes, it is crucial to
understand the smallholder farm characteristics ted communal farming systems and
processes. This research is an effort to closgdpebetween the research systems agenda and
the resource farmers’ needs. By conducting on-feesearch, strategies to improve goat
productivity will be devised in collaboration wifarmers and would presumably be easily

adopted.

The contribution of goats to the livelihoods of aesce-poor farmers and the on-farm
production performance of these animals is notrci€he study will further help with the
knowledge of the actual contribution of goats tasehold economy rather than identifying
constraints to goat productiviper se. It is, therefore, crucial to conduct in-depthe@sh on
flock sizes and structures and how they vary wihsen as an attempt to quantify the
contribution of goats to the livelihoods of the dimalder farmers. Productivity of communal
goats is generally low due to constraints of wittodn major ones are; diseases and parasites,
use of inappropriate breeds, poor marketing managermand limited feed availability. It,
therefore, is imperative to investigate the natofethese constraints before instituting

programmes that are aimed at improving goat pradtictFor example, to adopt adequate



health management strategies, it is important vestigate the prevalence of gastrointestinal
parasites by type and dynamics. Information gerdray this research will be of assistance
in designing appropriate strategies and approathemproved goat production that will

ultimately, lead to the transformation of livelilagoof resource-poor farmers from poverty to

relative prosperity.

1.3 Objectives
The broad objective of the study was to evaluabelyection practices, constraints, production
efficiency and to determine nutritional and heathtus of goats raised by resource-poor
communal farmers in the Eastern Cape Province oftSafrica.
The specific objectives were to:

1. Determine goat production practices in the commansas;

2. Assess the production efficiency and contributibgaats to communal households;

3. Estimate prevalence of gastrointestinal helmintéstations in communal goats; and

4. Determine the levels of nutritionally-related blométabolites of goats.

1.4 Hypotheses
The hypotheses to be tested were that:
1. Goat production practices in communal areas offtastern Cape Province are the
same;
2. Production efficiency and contribution of goatstnmunal households are the same;
3. Intensity of gastrointestinal helminths in goatsed in the communal areas of the
Eastern Cape Province are the same; and
4. There is no relationship between season, age andsd nutritionally related blood

metabolites of goats.
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2 CHAPTER 2: Literature Review

(Part of this review has been accepted as a rgvéger byTropical Animal Health and

Production, see Appendix 8.4)

2.1 Introduction

The world goat population is estimated at 746ianl(FAOSTAT, 2003), with 96% of these
being kept in developing countrie®f the 223 million goats in Sub Saharan Africa, @&ho
64% are found in arid (38%) and semi-arid (26%)oagpgological zones (Lebbie and
Ramsay, 1999) with the majority (more than 90%)nbedowned by smallholder farmers
(Lebbie, 2004). In South Africa, however, about 56f4he goats’ population is kept under

small-scale conditions (Shabalala and Mosima, 2002)

The goat genetic resources in Southern Africa epaitable for their hardiness (Cetial.,
2008; Kouakouet al., 2008; Lachicaet al., 2008), prolific breeding (Simela and Merkel,
2008), early attainment of maturity and low reqment for inputs (Olivier, 2002).
Furthermore, goat meat contains less fat and deo#than most other types of meat (Saico
and Abul, 2007) with desirable fatty acids sinceatgohave the ability to deposit higher
amounts of polyunsaturated fatty acids (PUFA) tbtrer ruminants (Koyuncet al., 2007).
Regardless of these important aspects pertainirgjsgdhese invaluable genotypes are
sidelined. This review discusses goat producticsiesys, goat breeds and constraints faced
by goat-keepers in communal areas of Southern @fitcalso discusses methods that can be

used to assess the health and/or nutritional stdtysats.



2.2 Characteristics of smallholder goat production in $uthern Africa

Smallholder farming systems are characterised byimail resources in terms of land and
capital, low income, poor food security, diversifieagriculture and informal labour
arrangements derived frofamily members (de Sherbiniat al., 2008). The household
economy of smallholder farmers is often multi-segfowith income arising from non-
agricultural activities such as handicrafts, traglage labour, remittances or pensions (Bayer
et al., 2001). Smallholder farming systems are also attaristic of poor access to
conventional knowledge and information, and littleno mechanization (Boyazogét al.,
2005).In the low rainfall communal areas of Southern édrifor example, goats represent
the principal economic output, contributing a lapgeportion of income of the resource-poor
farmers (Ben Salem and Smith, 2008). Regardlessi@if contributions, communal goats are
neglected by researchers, veterinarians, extengiokers, sources of credit and various other
stakeholders (de Vries, 2008), leading to lack mprovement in productivity of these

invaluable genetic resources.

Smallholder goat production systems consist of isialg resource-poor farmers, each with a
small piece of land on which they practice mixedmimg (Kosgeyet al., 2006). Most
households keep only a few goats, along with olirestock species such as cattle, sheep,
pigs, horses/donkeys and chickens. The integratiggoats with other enterprises indicates a
way of diversification so as to improve food setu(Mashatisest al., 2005). In Sub-Saharan
Africa, most of the resource-poor farmers are foumcharginal drought-prone areas (Bayer
et al., 2001), where animal and crop production poténgalow. Efforts to improve
agricultural output in these areas have often li@ased towards crop and cattle production

enterprises, with little attention being paid tdheat livestock species, particularly goat



production (Iniguez, 2004; Lebbie, 2004). This fealhapproach ignores the fact that crop and

goat production interact at the farm level (Chianhal., 2007).

The neglect of the goat enterprise is due to varieasons. Most goat products flow through
the informal markets (Lebbie, 2004) where theyraretaxed, thus leading to non-recognition
of their contribution to the national economy. kiddion, goat-keepers are often resource-
poor, and are economically and politically margired (Peacoclet al., 2005). Bayekt al.
(2001) and Kosgey (2004) argue that some agri@llextension practitioners, policy makers
and scientists, in Southern Africa perceive comrhguat farming as primitive. It entails,
therefore, that much effort is required to charigeway goats are perceived. In addition, it is

also pertinent to describe the goat productioresgstand breeds used.

2.2.1 Communal goat production systems

Goat rearing is an integral part of the extensareing in most countries in Southern Africa
(Bandaet al., 1993; Loforte, 1999; Wason and Hall, 2002), wigrding and tethering as the
main feeding systems. Most goats are herded duheglay and penned at night. In cases
where there is limited grazing land, all the gdatsn the entire village may be considered as
a single interbreeding flock with no attempts ohtrolling mating (Manyemat al., 2008).
Flocks from different households of the same vélaowever, may graze separately where
there are vast tracts of grazing land. Followingpcharvesting, goats feed on crop residues
until the beginning of the rainy season, when thatg have to be herded. This livestock
species is rarely provided with supplementary flegdin Mozambique, however, Loforte
(1999), reported that farmers supplemented theitgwith a variety of fruit trees, maize and

cassava crop residues. In most communal areasplschitdren are responsible for herding
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goats, implying that grazing depends on the schiowtable (Loforte, 1999), whilst in some

cases, for example in Lesotho, men can be emplayetiepherds (Wason and Hall, 2002).

Tethering of goats is common in Southern Africanrddes such as Zambia (Lovelageal .,
1993), South Africa (Webb and Mamabolo, 2004) aradaWi (Bandeet al., 1993). Tethered
goats are secured with a rope and tied to a pegetent them from destroying crops and to
enable farmers to conduct other farm activitiesh@&eng can also be practised in areas where
goats are herded (Mbugal., 2008). In Malawi, for example, in the hot-dryasen, tethering

of goats is the main feeding system (Baetlal., 1993). In some cases, however, goats are
tethered in the morning hours and then herdeddrafternoon when school children are back
from school (Wilson and Azeb, 1989). Since tetlgriestricts a goat to a specific area, the
animal will have little choice of feed, resulting poor body condition, inferior weight gains
and higher predisposition of the goat to heavy Imburdens (Caldeira&t al., 2007)

indicating how a production system can impact adpctivity levels of the goats.

2.2.2 Communal goats and their productivity levels

Indigenous goats are invaluable reservoirs of géaresdaptive and economic traits (National
Agricultural Marketing Council, 2005; Ben Salem aBahith, 2008) that provide diversified
genetic pool. These genotypes can help in meetingd challenges resulting from possible
changes in production systems and consumer regamsm(Kosgey and Okeyo, 2007).
Preston and Murgueitio (1992) revealed that indigmsngoat breeds are better able to utilise
low quality feeds and can walk for longer distancessearch of water and feed, than
imported breeds. Indigenous goat breeds can teldoatl diseases such as pulpy kidney,
tick-borne diseases (Webb and Mamabolo, 2004) asirgntestinal parasite infestation

(Baker et al., 1998). It is ideal that such breeds be utiliggdsgeyet al., 2006) in the
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communal setting. Table 2.1 summarises charadtsistf indigenous breeds found in

Southern Africa, indicating low productivity of the genotypes.

Genetic potential for indigenous goats is, at timesnfounded by the low standard of
management under which indigenous livestock areallysikept. Nonetheless, when a
productivity index, which combines fertility, suval and yield traits, is used to compare
breeds, indigenous breeds raised under range mmsldutperform imported breeds (Mpofu,
2002). Performance by indigenous goat breeds igrgén low, partly as a result of high
disease and parasite challenge and a low planetofion (Peacock, 1996). The pre-weaning
and reproductive performance levels of indigenooatg in Southern Africa are shown in
Tables 2.2 and 2.3, respectively. High mortalityoam kids and slow growth rate among
those that survive are major constraints to goatuytion (Sebegt al., 2004). Weaning
percentage, a measure of survivability of kids frbirth to weaning, is low (Sebet al.,
2004) in the communal goats. In Zimbabwe, ShumB83)Lreported a pre-weaning mortality
rate as high as 33%, with disease accounting fé6 % the mortality. Pre-weaning kid
mortality is one of the principal causes of ecormiosses of communal goats (Hadual.,
2006) and should, therefore, be reduced to insagnif levels. Reduction of pre-weaning kid
mortality is likely to boost production of goatsathplay important roles in the lives of

smallholder farmers.

2.3 Importance of goats to smallholder communities
Communal goats fulfil multiple roles that includeetprovision of meat, milk, manure, skins,
cashmere, mohair (Haenlein and Ramirez, 2007) gtitapower (Saico and Abul, 2007) and

barter trade (Morand-Febt al., 2004).
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Table 2.1: Main characteristics of indigenous godbreeds

Breed Location Adult weight ~ Other phenotypic Sources
(kq) characteristics
Male Female
Landim  Mozambique 50 35-40 Horned; medium-sized ears; DAGRIS
goats bearded; variable coat colours; (2007)
short and fine hair.

Malawi Malawi 29 21 Horned; sharp and pointed ee  DAGRIS

goats variable coat colour. (2007)
Bandaet
al. (1993)

Mashona Zimbabwe 30 25 Height at withers of ab@ut 6 Ndlovu

Matabele Zimbabwe

Nguni

Tswana
goats

50-55 39
Swaziland. 40 30
Lesotho,
South Africa
Botswana 44 40

Zimbabwe,
South Africa

cm; and Royer
horned, short ears; variable coat1988)

colour; short and fine hair DAGRIS
(2007)
Bearded; rarely horbemd, DAGRIS

lopped ears; White and cream (2007)
coat colours

Mediumr-sized ears; horne
variable coat colours.

Epstein
(1971)

Height at withers of 60—75 cm; DAGRIS
horned; broad lopped ears; (2007)
variable coat colours; lactation Gray
length averages 180 days. (1987)
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Goat skins are used to make mats, footwear, waddm/gcontainers, tents and drums
(Peacock, 2005). In Namibia, Yarenal. (1992) revealed that goats, together with cadile,
used as investments and status symbols. Goats, fmmerate income for communal
households throughd hoc sales of the animals (Sweet, 2008) and/or thelk amd meat to

meet emergency needs for cash (Kosgey, 2004).

Improvement in goat production and commercializatid goats can create employment for
people as individuals are hired to process andgselts and goat products. In addition to
provision of tangible products, goats contributedads the livelihoods of the poor through
risk mitigation and accumulation of wealth (Peago2R05). Therefore, goats are an ideal
vehicle for generating cash returns to meet foauisgy needs and improve welfare among

communal families.

Goats play a pivotal role in cultural and cerembpiarposes (Kosgey, 2004; Simela and
Merkel, 2008). They are also useful in controllimgsh encroachment in natural rangelands of
Southern Africa (Saico and Abul, 2007). Goats carekchanged or loaned to neighbours to
enhance kinship ties (de Vries and Pelant, 1987 pther communities, goats are used for
guiding sheep during herding of the latter (Peaceicl., 2005). Manure and urine from
goats are invaluable sources of organic fertilimermaintaining or improving agricultural
production and they become quite important wheoue®-poor farmers cannot afford the
expensive inorganic fertilizers for use in thealidis. It should also be appreciated that manure
is becoming important as there is a global moveatd® organic agricultural products
(Hansson and Fredriksson, 2004). The actual carioib of goats at household level is,
however, not well known because the current vadmaslystems rely on monetary standards

that often ignore the non-monetary contributiogoéts to households.
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Table 2.2: Pre-weaning performance of selected ingitnous goats in Southern Africa

under communal conditions

Breed Kid Kid Kid GR* Source
BW! mortality> Ww?
Matabele 2.5 30 15.9 98 Sibanda (1988)
Mashona - 30 115 40 Ndlovu and Royer (1988)
Malawi 2.5 - 15.6 - Ayoade and Butterworth (1982);
Nsosoet al. (2004)
Landim 2.35 16 8.5 - Kamwangh al. (1985)

1 Kid birth weight (kg)
2 Kid mortality (%)
3 Kid weaning weight (kg)

* Growth rate (birth to weaning in g/day)
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Table 2.3: Doe fertility of indigenous goats in Sdhern Africa under communal

conditions
Breed Age at first Gestatio  Kidding Weaning Source
kidding nlength interval rate (%)
(months) (d) (d)
Matabele 23 - - 119 Sibanda (1988)
Mashoni 18-19 - 37C 94 Ndlovu and
Royer (1988)
Nguni 16 - 18 145-148 258 - Webb and
Mamabolo (2004)
Malawi 15.6 - 365 - Kamwanijet al.
(1985)
Landimr - - 394 - DAGRIS (2007
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Information on the real contribution of goats tartan food security and livelihoods is scarce

(Saico and Abul, 2007), and therefore, warrantssiigation.

Conventional productivity evaluation criteria faib precisely evaluate subsistence goat
production due to non-recognition of non-marketabkenefits of this enterprise. Goat
functions (physical and socio-economic) and inpshsuld be aggregated into monetary
values and related to the resources used, irrégpeof whether these "products" are

marketed, home-consumed or maintained for late(Axgalewet al., 2001).

Conventionally, the efficiency relating to a protlan system is calculated as a ratio of units
of outputs per unit of inputs in the system (Jaraed Carles, 1996). Under communal
production systems, however, efficiencies are diffito determine due to the complex crop-
livestock intergrations and lack of records on aishputs incurred in goat production. Off-

take, a measure that considers the total numbegoats sold and/or slaughtered as a
proportion of the whole flock, has been traditidypalsed to measure efficiency of livestock
production systems (Chikagwa-Malunga and Banda,6R00his measure, however,

disregards whether the goats sold and/or slaughteere saleable, growing and mature

goats, or not.

Muchadeyi and co-workers (2005) and Chiduetaal. (2008) have developed a more
appropriate production efficiency index that estesathe productivity of livestock in

communal areas. Production potential refers tgtbgortion of mature and growing animals
to the total flock/herd size and is crucial in t@mputation of production efficiency. The
production efficiency reflects the proportion oftgatially saleable animals sold and/or

slaughtered by farmers. The index is more informeatiompared to off-take since the former
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measures both the extent to which the resourcefpomer produces saleable animals and the
proportion of saleable goats that they dispose utjitosales and/or consumption. The
efficiency takes factors of production into consat®n and, thus, can aid in identifying
constraints to livestock production. There is dittif any, information on the production
potentials and efficiencies in communal goat préiduc systems of South Africa. It,
therefore, is crucial to determine the efficienéygoat production in the communal areas. A
low efficiency of production can aid in the idemt#tion of constraints that affect goat
productivity. In addition, communal goats contribunultiple roles to the rural farmers, but
the alleged most important role by farmers is muvmn. It is thus, imperative to rank the

roles of goats in view of determining the most imaot role.

2.4 Constraints to increased goat production in the comunal areas

Goat production and productivity in communal arsafaced with numerous challenges; the
magnitude of which varies with areas, countriegja®s or geographical locations (Kosgey,
2004). The main constraints are high prevalencdisgases and parasites (Ben Salem and
Smith, 2008), inappropriate housing and lack obrds and, use of inappropriate breeds and
inbreeding, limited forage availability (Raghuvaesal., 2007) and poor marketing strategy

(Kusina and Kusina, 1999).

24.1 High prevalence of diseases and parasites

Diseases and parasites are major constraints tomaoal goat production and safe utilization
of goat products. These diseases and parasitesnaemic in many regions of Southern
Africa (Githiori et al., 2006). Loforte (1999) ranked diseases and pamsis the major
constraint to goat production in Mozambique. Th@act of diseases and parasites may be

through high morbidity, mortalities, abortions abslinical effects manifested as weight loss
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or reduced gains. The negative impact of diseamdsparasites may also be through the
financial implications involved in controlling orvercoming the effects of disease and
mortality (Mahussoret al., 2004; Sissayt al., 2006). In addition, zoonotic diseases, such as
anthrax negatively affect the health and wellbahthe household members involved in goat
rearing of infected flocks (Kusiluka and Kambara@®896). Diseases and parasites have a
heavy impact on kids because of the poor immunétus of these young animals leading to
an increased susceptibility (Seleeial., 2004). High kid mortality diminishes the benefif

the high reproductive performance of does. Pre-vingamortality of up to 30 % has been
recorded with kids in Malawi (Ficarelli, 1995). [B&ses also cause abortions and stillbirths

(Aitken, 2007).

Lack of hygiene which allows the build-up of infivet agents and use of contaminated water
are major contributory factors to high kid mortalfPeacock, 1996). Poor housing negatively
impacts on goat productivity as goats are exposedxireme weather conditions. In
Zimbabwe, Shumba (1993) observed that goat houkd$% of the respondents had no
protection against extreme heat, cold and rairarElt (1995), in Malawi, revealed that goat
producers lose 30% of their young stock duringréiiey season, the main reasons being poor
housing and prevalence of diseases. van NieksikPimentel (2004) attributed the incidence

of diseases and high mortality to poor hygiene edarious housing conditions.

Incidences of diarrhoea are high at the beginniniip® rainy season, especially in kids. The
problem of parasitism is compounded by the fadt tivader the communal system, livestock
are usually reared extensively (Bayatral., 2001). This increases infestation and makes
control measures difficult to implement. Helminttese associated with sub-clinical

production losses and have profound depressivedtspgon long-term animal productivity.
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Helminth infestations contribute immensely to anee(Wattaet al., 2001; van Wyket al.,

2006). Parasites also reduce voluntary feed intefejency of feed utilisation and increase
the endogenous loss of protein in the gastroimastract (Alexandre and Mandonnet, 2005).
Prevalence of goat diseases and parasites in coairargas is largely unknown. It is crucial
to investigate the prevalence and type of diffeteziminths affecting goats prior to devising

control strategies against gastrointestinal paasit the communal areas.

There is little government support for control pamgmes and research on diseases and
parasites in goats in many African countries. Matey and goat improvement programmes
are minimal (Alexandreand Mandonnet, 2005). The situation is compoundgdthe
unavailability and high cost of veterinary servidgle Vries, 2008). In Malawi, 89% of
farmers raising goats, for example, had never hesited by a veterinarian or a veterinary
assistant (Mwanza and Mapemba, 2000). To adoptuatiediealth management strategies,
however, it is fundamental to identify causes ofloigtity and mortality and to investigate the
prevalence of diseases by type and by dynamic®{i@aet al., 2002), so as to curb mortality

of kids that may reach more than 50% (Kusiluka dathbarage, 1996; Aumostal., 1997).

2.4.2 Lack of records

Farmers rarely keep records on goat production.ifaproved goat production, however,
farmers should keep records of the performancéaif goats. Such records should capture
information such as age of the goat, animal weigini$ diseases that each goat might have
suffered from. In addition, female goats shoulddiave records that indicate age at first
kidding, kidding interval(s) and whether it prodacewvins, triplets or singles. By using
records, farmers can also rank goats in each dassgful tool in culling. Records should

also capture goat numbers and breed(s). Other targarecords that can be kept by farmers
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include costs incurred, for instance in buying dragd vaccines and cash obtained from sale
of goats and/or their products. In addition to latkrecords, there is poor management of

goats and/or their products.

2.4.3 Poor marketing management

There are little national investments on marketimqmuts and services, research and advocacy
(Lebbie, 2004) on marketing of goats and their potsl in most developing countries.
Formal goat marketing, in most communal areash@acterised by absent or ill-functioning
markets (Kusina and Kusina, 1999; Seleka, 2001} ®tall., 2007). Smallholder households
are often located in marginal areas with poor stfiecture and poor access to the market;
thereby limiting goat farmers’ capacity to trangpgoats to the few available slaughter
facilities (Bayeret al., 2001). Communal farmers, therefore, resort @ ittiormal way of
marketing their goats where pricing is based oradnitrary scale, with reference to visual
assessment of the animal. Intermediaries in moshtdes (Kusina and Kusina, 1999;
Lovelaceet al., 2000; Simela and Merkel, 2008), purchase livenats from farmers for
resale in other areas, such as towns and schoblthese transactions are not captured in
official statistics leading to underestimation ebguction and consumption of chevon in Sub-

Saharan Africa (Sebet al., 2004; Simela and Merkel, 2008).

Wealth for goat-keepers can be boosted signifigabyl adding value to goat products,
identification of niche markets and by alerting thepulation about the health benefits
associated with consumption of goat meat (Pea®bck., 2005) through promotion and

advertisement. Because of the small flock sizemo$t communal farmers, hiring vehicles
for transporting their goats to the auction floms1ot economically viable. Hence, the ideal
solution would be that farmers form co-operatived pool their resources together (Kusina

and Kusina, 1999).
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2.4.4 |nappropriate breeds and high levels of inbreeding

A crucial component of any production system is tlisation of appropriate and adapted
goat breeds. Exploitation of suitable, well adagiszbds is important, if feed resources are to
be optimally utilised. To fulfill the function ofasings, for example, it is important that the
type of goats being kept does not require much gemant input and veterinary care and can
be kept at a low cost (Bayet al., 2001). This invites communal goat farmers tosider
traits other than fast growth but hardiness. Initeald goats of a particular colour may be
preferred for cultural or ceremonial purposes. €h@® rational, non-commercial objectives
that are of great importance to the resource-paonérs where breeds are chosen to suit

production objectives.

Regardless of the different objectives farmers mriglar goats for, in communities of most
countries in Southern Africa, there are no stredubreeding seasons and, therefore, does
and bucks run together all year round (Teftra., 2004). Inbreeding is a challenge for many
communal goat flocks. It results in poor growthega{Saico and Abul, 2007) and abortions
among other negative effects. Inbreeding, a mauaifies of mating closely related
individuals, is exacerbated by the small flock sjzsonfinement of goats during the cropping
season and the long periods that bucks stay ifidbks before they are culled (Masika and
Mafu, 2004). Exchange of bucks between farmers frdifferent villages can reduce
inbreeding. It, however, is imperative to investegthe inbreeding levels in communal goats.
Apart from inbreeding, limited availability of fedths a negative impact on the productivity

of goats.
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2.4.5 Limited forage availability

Poor management of rangelands (Papachristbual., 2005), inappropriate grazing
management (Quinet al., 2007), rangeland fires and seasonal droughis tia availability

of fodder (Ben Salem and Smith, 2008) in the commhaneas. The quality and availability of
natural pastures is highly variable in the tropiath crude protein dropping below 8% in dry
mature tropical grasses, especially during the sktgson (Bakshi and Wadhwa, 2007;
Raghuvanset al., 2007; Ben Salem and Smith, 2008). In the wet seaswnage is of high
guality but because of the high temperatures, rapigiological maturation follows, leading
to early lignifications and reduced digestibiliti/the grasses. In the sour rangeland, which is
mainly a grassveld, grass is of good quality intibewet season and becomes unpalatable in
the cold-dry season (Botsime, 2006). However, ia $hveet rangeland, which is maily
characterised by natural browse with a crude pnatentent of approximately 20%, there is

not much variation in protein content of feed vagason (Peacoekal., 2005).

For sustained goat production as well as survivd@he animals during the dry seasteeds
ought to be preserved during the period that theyahundant (Ben Salem and Smith, 2008).
Classes of goats with higher nutrient requiremeretsd to be supplemented when there is
feed scarcity. This may take simple forms likeimitilg deferred pastures, lopping branches
and providing leguminous tree pods to goats. Ithin&so involve utilization of conserved
materials like silage, hay, foggage, crop residaed food processing by-products (Garcia-
Torreset al., 2003).Natural browse, such akcacia karroo available in some communal
areas can also form part of supplementary ingreésliéor goats. Any form of dietary
supplementation intensifies management but inceegs®ductivity of the goats. The

economic benefits of any supplementation programmag have to be considered. The effects
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of supplementation on goats need to be assesse@drabenethods of determining the

nutritional and health status of goats exist.

2.5 Measures of assessing nutritional and health status goats

Early proper diagnosis of diseases and poor rutrits a pre-requisite to reduce losses in
communal areas (Tibbet al., 2004). Methods that can be employed in determihieglth
and nutritional status of goats include body weigimd condition changes, worm burdens,
packed cell volume, the FAMACHA technique and ude natritionally-related blood

metabolites.

25.1 Body weights and condition

Use of body weights and condition scores in themenation of health and/or nutritional
status of livestock has been reviewed by severtioasi (Oulun, 2005; Sakkinen, 2005;
Ndlovu et al., 2007). Cisset al. (2002) reported that body condition score isdatve of
body fats more than body weight (Morand-Fehr, 200&8nnathoko, 2002). In addition, since
most resource-poor farmers do not have scalesdaghing their goats, research should focus
on the applicability of condition scoring as a lleand/or nutritional status indicator in the
communal goats. Of importance are the relationstiipt exist between body condition and
weights on one hand and other parameters suchgaw@gn counts on the other hand, with
the main aim of determining the best method toingbe assessment of health and nutrition

status of goats.

2.5.2 [Eggworm counts
An estimation of the numbers and species of eggsaé or oocysts produced by endo-

parasites infecting the liver, digestive and respiry tract of goats is a practical aid to the
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diagnosis of gastrointestinal parasitism (AitkerQ02). Results obtained can provide
epidemiological evidence for the time of build-uphigh levels and survival of nematode
parasites in goat flocks. Information generatedIdodoe useful in designing strategic

anthelmintic treatment against prevailing helmini@ghigiaet al., 2001).

Faecal egg counting the most common ante-mortem means of diagnosisgmatodosis
(Kusiluka and Kambarage, 1996). Eggs are, howdess, valuable in drawing conclusions
about clinical conditions of an individual goat.igmight be ascribed to many factors that
affect the level of egg production, for examples ttonsistence of the faeces may affect the
number of eggs per gram of faeces markedly as twe mwatery the faeces are, the more
diluted the eggs are. Biotic potential of the nesdat species, season of the year, and
resistance of the host and developmental stagheoparasite also influence the number of
eggs per gram. The prevalences of goats infestddstriongyles, in the communal areas is
variable. In a Nigerian goat flock, Nwosti al. (2007) observed 35.4% of the goats to be
positive for strongyles. However, in other studi€hiejinaet al., 2002; Mbuhet al., 2008),
strongyle prevalence ranged from 77 to 100%. Thimtian in the strongyle prevalences can
possibly be due to factors such as climate andyatozh system (Nwoset al., 2007). It,
therefore, is imperative to determine the pardsiégel and the prevalence of goats in each

communal area.

The identification of parasite species presentgoat flock is an important component of the
investigation of clinical diseases caused by gagwstinal parasites (Papadopoukisal.,

2007). Considering that eggs per gram have a dsignealue, a more specific diagnosis in
helminths can be obtained by culturing the eggyi¢td third stage larvae which can be

identified to generic level. Examples are eggs figpacies such @daemonchus contortus,
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and Trichostrongylus which are known as strongyles (Sissyal., 2006). Their infective
larvae differ morphologically (Kusiluka and Kambgea 1996) and their examination permits
a specific diagnosis of nematode infections. Egimnaof infective larvae population
provides a clue of the intensity of infestatiorwtbich grazing goats are exposed. The larval
population in herbage is dependent on stockingitiemainfall and herbage cover (Kusiluka
and Kambarage, 1996). It should be noted, howehat,the land tenure systems prevailing
in most communal areas and the high cost of acguigind maintaining tracer goats deter
utilization of this method by resource-poor farmérrkis implies that other parameters such

as packed cell volume can be considered in thessismmnt of the status of goats.

2.5.3 Packed cell volume

Packed cell volume (PCV), the proportion of erytytesexpressed as a percentage of the
volume of whole blood per given sample (Kusilukad afambarage, 1996), is the most
precise means of determining red blood cell voluaéd can be used to deduce total blood
volume and haemoglobin levels. Analysis of normaleratocrit values of goats is
fundamental in diagnosing the various pathologizal metabolic disorders (Grunwaétial.,
2005). Packed cell volume is indicative of anaenmaemorrhage, bone marrow failure,
leukaemia, malnutrition or specific nutritional @éncy, multiple myeloma and rheumatoid
arthritis (Kaneko, 1997). Packed cell volume valbagher than the reference values could
indicate dehydration due to diarrhoea, erythroei$ polycythermiavera. Packed cell volume
is influenced by sex of the goat and altitude (®ibd al., 2004), management, age
(Grunwaldtet al., 2005), sex, breed, health status, ambient temperaand physiological
status (excitement, muscular exercise, preghansyus parturition, water balance and
transportation) (Kanekal997). Diurnal and seasonal variations also maduRCV values

(Osaetret al., 2000).
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Reduced oxygen tension, in mountaineous regiorgjsléo an increased production and
release of erythropoietin, thereby, stimulating tlergpoiesis as a coping or adaptive
mechanism to low oxygen level in such an environng&ibbo et al., 2004). Therefore, the
higher PCV values exhibited in indigenous breeds istudy by Tibbcet al. (2004) under
high altitudes (1650 and 2800 m above sea leval)dcprovide evidence of adaptation of
these breeds to low atmospheric oxygen. This nmegirify that climbing of mountains by
such adapted goats, in search of feed, might riettathe physiology of the goats. On the
other extreme, it is also important to note thaheandigenous goats exhibited a minimum
PCV value of 16.5 % without any clinical manifegatof anaemia, the value lower than the
lower limit reported for the species. Higher PCVues observed in does than bucks might be
attributed to various physiological factors assmdawith females (Tibbet al., 2004). For
example, during estrous does are in a restlessxaitkd condition, where splenic contraction

may increase the erythrocyte values.

Daramolaet al. (2005) and, Taiwo and Ogunsanmi (2003) reportédrdnt PCV values for
clinically healthy West African Dwarf goats signifig that many other factors, apart from
breed, greatly influence packed cell volume. Evlough considerable information is
available on the normal blood parameters of domestimals, the values are for exotic goat
breeds kept under different environment and managémonditions (Tibbaet al., 2004).
Reference levels for PCV in indigenous goats of t&odfrica raised under communal
production conditions are unavailable. For propanagement, feeding, breeding, prevention
and treatment of diseases; it is desirable to kitlmweference values under local conditions.
In situations where it is difficult to collect blddor PCV determination, detection of anaemia

can be employed to assess the health status &f. goat
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2.5.4 Detection of anaemia

Haemonchosis can develop so rapidly that a reduatidoody condition or body weight will
likely not be apparent during an acute infectioatt¥let al. (2002) indicated that BCS on its
own is not a good indicator of infection with. contortus. In another study, Vattat al.
(2001) reported that there was no relationship betwBCS and FEC whilst Roberts and
Swan (1982) found no correlation between body weggiad worm counts whe. contortus
was the predominant nematode. This indicates tttatranethods of assessment of goat
health and productivity should be implemented,iinagions whereH. contortus is the main

gastrointestinal parasite, to increase the effyesf identification of goats in poor health.

It is, therefore, imperative to devise easy metHodshe determination of anaemia in goats.
One such option is the FAMACHA system (Kaplemnal., 2004) which was developed in
South Africa for classifying sheep into categotiesed on different levels of anaemia (Bath
et al., 2001). The FAMACHA technique has since been usedoat flocks in countries such
as South Africa (van Wykt al., 2006) and southern USA (Kaplanal., 2004; Burkest al.,
2007). These trials have confirmed the practicalftyhis technique on-farm application. The
effectiveness of the technique has also been eealua identification of parasite resilient
and/or resistant breeding bucks, and thus ideatiio of stud rams with greater
resilience/resistance (Burke and Miller, 2008) &stgointestinal parasites. The use of this
system may be recommended as part of an integapi@aach to worm control in goats kept
by resource-poor farmers. It, however, is fundametat test this technique widely in goats
owned by communal farmers. Although the FAMACHA tsys is useful in predicting the
health status of goats, it can not be used in tisoliasince it only detects presence Hbf
contortus in a goat flock. It, therefore, implies that itostid be coupled with methods such as

use of blood metabolites, in predicting the conditdf the goat.
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2.5.5 Use of blood chemical constituentsin assessment of health and nutritional status of

goats
The chemical constituents of blood have been shovassist in the assessment of the health
and nutritional status of goats in Southern Afriddletabolic profiling has been applied in
Saanen goats (Bagliacenal., 1988), African Dwarf goats (Lohle, 1994) and Momican
goats (Haruret al., 1996). Reference values for blood parameters @sgare shown in Table
2.4. There is no information on the levels of blgmtameters in communal goats of the
Eastern Cape Province of South Africa. Blood mditdsothat can be used in the assessment
of goat status can be categorized into three dasssbohydrate and, lipid metabolism-

linked, protein-metabolism linked and mineral-metém linked metabolites.

25.5.1 Blood chemical constituents related to carbohydrate and lipid metabolism

Blood glucose,-hydroxy butyrate and non-esterified fatty acide dne most common
metabolites used to assess the energy statusméBniDue to homeostatic regulation, blood
glucose has a moderate variability and, therefoss,an intermediate diagnostic value in the
assessment of nutritional status of goats. Lowdeed intake results in decreased blood
levels of propionate and other glucose precurserved from the diet decrease resulting in a
reduction of the rate of glucose synthesis (Reyeldl., 2003). The energy metabolism of
goats is largely dependent on the utilizationvofatile fatty acids as an energy source
(Kaneko, 1997; Agenast al., 2006). There is need, however, to establish referézvels for
indigenous goat breeds which can be used as sthrdhres when assessing the status of

these breeds, instead of making reference to thevaneant for exotic breeds.

The growth rate of animals influences glucose megoent (Zubcic, 2001; Reynolds al.,

2003) whereas in mature animals only maintenanegggns required.
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Table 2.4: Reference values of selected blood chetny measurements in clinically

health goats

Blood parameter

Reference values

Glucose (mmol/l)

Cholesterol (mmol/

Creatinine (umol/

Total protein (g/l)

Albumin (g/1)

Globulin (g/1)

A/G (albumin:globulir ratio)
Urea (mmol/I

Aspartate aminotransferase (U/l)
Alkaline phosphatase (U/l)
Alanine transaminase (U/l)
Creatinine kinas (U/l)

Gamma glutamyl transferas(U/l)
Calcium (mmol/l)

Magnesium (mmol/l)

2.78 -4.16

88.4 0-159.0(

64.00 — 70.00

27.00 - 39.00

27.00 - 41.00

6.30-12.6(

3.57-7.1¢

167.00 - 513.00

93.00 — 387.00

6.00 — 19.00

0.80-8.9C

20.00- 56.0¢

2.23-2.93

0.31-1.48

Source: Kaneko (1997)
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However, the physiological status of an animal &las an effect on the glucose requirement

(Ottoet al., 2000) depending on energy requirements for producti

Glucose concentrations were reported to be loweladtating than in non-lactating does
during the first two months of lactation (PambuJaa al., 2000). Grunwaldét al. (2005)
reported an effect of season on serum glucoseslevelwn by a significant increase in blood
glucose levels in the post-rainy season as compardde hot-wet season. Although feed
guality also affects blood glucose levels, an iaseesin body temperature and respiration rate
of animals normally experienced in the hot-wet eaaseason leads to a reduction in blood
glucose in cattle (Grunwaldt al., 2005). It is not known if goats are also affelcte the
same manner. Turnetal. (2005) reported glucose values of 66.3 mg/dl, ®g@dl and 63.6
mg/dl for Nubian goats, Boer goat crosses and Spagwats, respectively. Observations by
this author indicate that breed of goat affectsodl@lucose levels. Such information,
however, is not available for indigenous goats @it8 Africa. It, therefore, is imperative to
generate such values for the goat breeds fountiendifferent agroecological zones and

production systems characteristic of different camai areas.

Lipids that are important in the assessment ofitirial status of goats are non-esterified
fatty acids,- hydroxybutyrate, cholesterol, and lipoproteinkefie is low variability in the
blood levels of non-esterified fatty acids as coradato cholesterol which has a moderate
variability (Sakkinen, 2005). Elevated NEFA leveisdicate dietary energy deficit.
Concentration of NEFA then directly reflects thecamt of adipose (fat) tissue breakdown
taking place (Caldeirat al., 2007). Circulating NEFAs are absorbed and méitzdmb for
energy by the liver and other tissuBgta-hydroxybutyrate (BHB) is a ketone body with a

high prognostic value due to its low variabilityserum or plasma. Blood ketone bodies are
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elevated in association with poor carbohydrateustat circumstances related to a negative
energy balance (Agenasal., 2006). Beta—hydroxybutyrate elevated concentratiodicate
short-term negative energy balance and adiposasetissatabolism. However, BHB
concentrations may not be predictive enough andacese from dietary sources (Agenss
al., 2006). It, therefore, is fundamental to deterntime reference values of NEFA and BHB

in communal goats raised in South Africa.

Cholesterol, a major constituent of animal cell rbeanes, is of endogenous origin. It arises
from acetate from the adipose tissue and the smtaktines (D’Mello, 2000)High plasma
cholesterol concentrations in the absence of exdiegary energy intake are considered to
reflect the capacity of the animal to mobilize bddireserves. Physiological status of a goat
affects cholesterol levels. Iriadam (2007) reporedincrease in blood cholesterol in goats
from 104 mg/dl in early pregnancy to 110.67 and .8Z4mg/dl during mid and late
pregnancy, respectively. The increase in cholelsterels with advancing pregnancy is
ascribed to stress which predisposes the aningilitmneogenesis with an associated rise in
transaminases. The elevated levels of transamirrasedt in a higher level of cholesterol
(Iriadam, 2007). Elevated levels of cholesteraglycerides, and phospholipids, however,
could be indicative of copper deficiency. The eisémature of copper is due to its cofactor
role at the active site of a number of enzymes (Cbial., 2005). A study with Malabari,
Alpine, Saanen and their crosses revealed that lyestd affects serum cholesterol levels.
Malabari goats had the highest mean (123.21mg/1pWhilst the Alpine X Malabari breed
had the lowest (101.39 mg/100 ml) level (Nandakuarad Anilkumar, 1997). Cholesterol
levels of communal goats of South Africa are laygehknown and, therefore, warrant
investigation. In addition, levels of blood metat®d that are linked to protein metabolism

warrant investigation.
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2.5.5.2 Blood chemical constituents linked to protein metabolism

The total protein (TP) concentration representspadteins dissolved in blood plasma or
serum (Sakkinen, 2005). Albumin, synthesized by liber from amino acid derivatives is
responsible for the colloid-osmotic pressure thdtikits leakage of blood plasma from
capillaries into tissues (Kaneko, 1997). Proteifictency impairs both humoral and cell
mediated immunity, thus predisposing an animaliseakes (Titgemeyet al., 2001). Blood
TP and albumin concentrations indicate the nutrétlocondition in domestic ruminants
(Kaneko, 1997) due to their stability in blood. Ldewels of aloumin and TP in plasma are
interpreted as protein deficiency and undernutritiSeasonal variations in TP and albumin
have, therefore, been ascribed to changes in thktygand quantity of diet (DelGiudicet

al., 1992). Total protein reference values are unavalady most communal goat breeds and,

thus, merit determination.

Plasma albumin is considered a general indicatanutfitional status, related to both feed
intake and body weight (Sakkinen, 2005). Albumivels are affected by physiological status
of the goat. Celet al. (2008) indicated that albumin levels were higtheee weeks before
kidding compared to four weeks after kidding in godue to the long half-life of albumin
(Kaneko, 1997), inadequate dietary protein intadad$ to a slow, gradual decrease in the
blood albumin concentration when insufficient amawids are supplied to the liver cells for
albumin synthesis. Therefore, the plasma albumanl@ng-term measure of protein status in

ruminants (Agenast al., 2006).

The effect of undernutrition on serum globulindighly modulated by the duration of feed
scarcity. Plasma globulin concentration may inceeas chronic infections caused by, for

example, gastrointestinal parasites. Consequegthgtrointestinal parasites can cause a
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significant reduction in plasma albumin concentrattlue to a loss of albumin from the host
animal (Kaneko, 1997), reducing the albumin:globulA:G) ratio. A low A:G ratio may
signify an increase in the blood globulin concetidra caused by chronic parasitism or
compensation for the albumin loss present in pnotealnutrition (Payne, 1987), with higher
ratios indicating a response to hyperalbuminaeraissed by dehydration. This indicates that
caution is required in interpreting such circums&s) implying that other parameters, such as

urea, should concurrently be considered.

Urea is a nitrogenous compound synthesized initlee &nd excreted through urine so as to
prevent the excess nitrogen released in proteialmésm from becoming toxic and harmful
to the animal (Kidaet al., 2007).Urea production is indicative of short-term changes
protein metabolism and complements the informagimvided by the analysis of blood TP
and albumin concentrations (Payne, 1987). A deeréaghe blood urea concentration of
ruminant animals has been related to low dieta@kim of protein due to the recycling of urea
from blood back to the rumen under low protein ketaircumstances (Kaur and Arora,
1995). Blood urea nitrogen is used as a retrosgediagnostic tool to analyse biological to
protein or energy supplementation, change in pasiuforage on offer, or change in pasture
management (Hammond, 2006) for dairy cows, bedlfecaheep and dairy goats. It, also, is

important to establish values for goats raisedhéndommunal areas.

Creatinine is a compound produced in muscle tisseabolism, released into circulation and
filtered freely through the kidneys into urine (@Gwaldt et al., 2005). It is an indirect

indicator of renal function and has an impact omoemtration of blood urea nitrogen.
Creatinine has a lower diagnostic value comparedlbumin and TP due to its high

variability in blood (Agenast al., 2006). Variation in serum creatinine concentratiway be
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due to an animals’ diet, breed, muscle mass and(G&w et al., 2000). Reduced blood
creatinine concentrations indicate prolonged adisgue protein catabolism which might be
due to either fasting or food restriction coupleithweduced filtration in the kidneys (Agenas
et al., 2006). However, not only is creatinine the deteani of renal function and normal
body function, but mineral metabolism also ultiyaiaefluences the function of the kidneys,
thus they also warrant investigation to attain eglete overview of the nutritional status of

the animal and the function of its kidneys.

2.5.5.3 Blood chemical constituents linked to mineral metabolism

Aspartate aminotransferases (AST) and alkaline gitetase (ALP) are mostly produced by
the liver. In addition, ALP is also produced by thene and placenta whilst AST is also
present in many tissues, particularly striated aaddiac muscle, making it a valuable
indicator of soft tissue damage (O#tbal., 2000). Red blood cells contain AST which can
leak into plasma before there is any visual evidavfdhaemolysis (Abutarbush and Radostits,
2003), thereby exaggerating the condition of thatgDue to its high blood variability, AST
has a low prognostic value for nutritional statBkod levels of AST are, however, elevated

under disease and morbid conditions involving ilsi{Ikhimioya and Imasuen, 2007).

There exists an inverse relationship between ASilevels of selenium and Vitamins C and
E. Vitamin E and selenium deficiency in the dietusa nutritional muscular dystrophy and
diagnosis is usually based on high levels of CK ASJ (Kannanet al., 2000; Abutarbush
and Radostits, 2003). This implies that the sernmyme activity is low or absent in healthy
goats. Hussaiet al. (2003) revealed that blood levels of AST and Ah&eased during the
hot-wet season indicating that environmental chamge affect metabolic activities of bucks,

resulting in a change in various body functionsirtkioya and Imasuen (2007) observed that
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ALP level in the blood is a good indicator of bdieemation since osteoblasts secrete large
quantities of this enzyme. Age was also observduate a significant effect on ALP in Red
Sokoto goats (Tambuwat al., 2002) with higher values in adult animals compagegoung
animals. Although some reference values of livezyare levels in clinically healthy goats
exist, such values may be inapplicable to goatslifierent breeds raised in a different

production system.

Minerals play a fundamental role in forage digesticeproductive performance, and the
development of bones, muscle, and teeth (Mcdowgfl)3). Sub-clinical trace mineral
deficiencies occur more frequently than recognizgadnost livestock producers (Underwood
and Suttle, 1999). Most nutrients are homeostdyicagulated; therefore their value in
profile testing for monitoring and assessment ofrional status is limited, with the
exception of calcium, phosphorus and magnesiumni@aidtet al., 2005). Mahusoost al.
(2004) revealed a marked breed difference in minmetabolism in goats. Blood mineral
levels vary with seasons (Yokus and Cakir, 200@as®nal changes in blood mineral
concentrations are ascribed to seasonal chandeedrguantity and/or quality (DelGiudiee

al., 1992).

Calcium, the most abundant mineral in the bodycfioms as a structural component of bones
and teeth, and plays a significant role in cardiegulation and membrane permeability
among other functions (Invartsen and Andersen, Ra®ysiological status has been shown
to influence calcium levels in goats with reducedels in pregnant goats, a situation that can
be ascribed to increased demand for calcium foenalization of the foetal skeleton (Azab
and Abdel-Maksoud, 1999). Phosphorus plays a dawisin efficient use of feed and in the

digestion of cellulose and synthesis of microbiadt@in. It, also, is important for bone and
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teeth development. Serum phosphorus concentraitiokisls are almost double the levels in
mature goats (Mcdowell, 2003). Mineral absorptiocréases in the gastrointestinal tract

while mobilization is increased in the bones (Itsan and Andersen, 2000).

Magnesium, a major cofactor in many enzymatic ieast is involved in protein synthesis,
maintenance of the integrity of membranes, nert@mssie conductions, hormone secretion,
and in intermediary metabolism (Lairesal., 2004). Prolonged lack of magnesium induces
withdrawal of the nutrient from the bone to maintaerum magnesium concentration by
exchanging part of its content with extracellulaid (Laireset al., 2004). Serum magnesium
levels reflect current daily intake of the mineraiher than reserves (Whitaketral., 1998).
Grass tetany occurs when the level of magnesiuiand falls below a critical threshold
(Herdtet al., 2000). Determination of mineral levels in bloodocoimmunal goats is essential
and will lead to supplementation in cases were raiseare deficient and in withdrawal of

mineral sources if toxicity of minerals is detected

2.6 Summary of literature review

Southern Africa is endowed with various indigenaymat breeds. Goat production is
hampered by many constraints that include highadiseand parasite prevalence, poor
marketing management, use of inappropriate breeudks limited forage availability. It,
therefore, is fundamental to investigate constsaaffecting goats in a particular locality in
order to devise developmental programmes to additessobstacles to improved goat
productivity. Much of the work on goats has beemied out under controlled conditions at
research stations and the results are usually licappe to communal production systems in
communal areas. Information on productivity of goaan be captured through close

monitoring of changes in flock sizes and produttivor at least one year. There is need to
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investigate constraints to goat production and go@duction practices, evaluate the
nutritional status in communal goats and to esthldorrelations between blood metabolites,

faecal egg counts, body weights, body conditiongacked cell volume.
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3 CHAPTER 3: Communal goat production practices and ples to rural

households in the Eastern Cape Province of South Ad¢a

(This manuscript has been acceptedimpical Animal Health and Production)

Abstract

The objective of the study was to determine thes@nd management systems of goats in
Amatole and Alfred Nzo districts of the Eastern €a&rovince of South Africa. Data were
collected using participatory rural appraisal teghes, direct observations and structured
guestionnaires from 212 households as follows; ®@nfAlfred Nzo (a sour rangeland)
district and 144 from Amatole (a sweet rangelandjridt. More women (43% in Amatole,
39% in Alfred Nzo) than men owned goats, with ttieeo few in joint ownership. Mean goat
flock sizes per household were not significantlifedent between the two districts; Amatole
(14.0+ 0.31) and Alfred Nzo (14.% 1.42). There were positive correlations (r= 0.80 f
Amatole, r= 0.34 for Alfred Nzo; P < 0.05) betwegmat flock sizes and cattle herd sizes kept
per household. Seventy-nine percent of househaldgnatole and 78% in Alfred Nzo kept
goats for ceremonies, such as the initiation ceré@so Goat houses in the two districts were
poorly constructed. Farmers’ perceptions showed mhast goat mortalities were mainly
caused by gastrointestinal parasites and tick-bdiseases, especially heartwater. Thirty two
percent of farmers in Alfred Nzo district and 27&6Amatole district owned a few bucks,
suggesting that inbreeding might have affected yctidity of their flocks. There were no
formal markets for goats in the two districts. Bi#nces in the importance of goats in
different rangeland types should be borne in mindenv designing goat improvement

programmes.

Key words: bucks, ceremonies, coat colour, household consompti
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3.1 Introduction

With about 25% of people in Sub-Saharan Africa gewndernourished (Food and
Agriculture Organisation, 2005); more efforts slibule channelled towards increasing
animal protein supply for the improvement of nudnial status and rural livelihoods (Tacher
et al., 2000). Goats play an important role in both carial and subsistent farming systems
in South Africa (Lehloenyat al., 2005). South Africa has approximately 4.8 miiligoats,

with 50% of these goats being raised by communaides (Shabalala and Mosima, 2002).

The roles of goats to the communal farmers ardyfaiell established (Gutierrez-A, 1986;
Thorntonet al., 2002; Peacockt al., 2005; Haenlein and Ramirez, 2007; Saico and Abul
2007). The relative roles of the different funcsoand products from goats vary, however,
with regions, countries, agro-ecological zonesdpotion systems, cultural values and socio-
economic status of households (Kosgewl., 2008). These differences should be understood
prior to initiation of sustainable development peogmes for the resource-limited farmers.
For example, in areas where chevon is highly valapgropriate meat-producing breeds that
are adaptable in that particular area should betiftkd. Where a particular colour of goats is
preferred either for ceremonial functions or fos perceived relationship with growth
performance, breeding strategies should promoterb@uction of such colours (Dossiaal.,
2007). The objective of this study, therefore, wasletermine goat production practices and

the different roles played by goats in communahsia South Africa.

3.2 Materials and Methods
3.2.1 Description of study sites
The study was conducted in Peddie of Amatole disamd Matatiele of Alfred Nzo district of

the Eastern Cape Province of South Africa. Twassitere randomly selected from the major
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veld types of South Africa. Peddie is found in a@etwangeland whilst Matatiele is located in

a sour rangeland.

Peddie, located 2 and 38S, lies in the Amatole district. It has an averagaual rainfall
that ranges from 450 to 900 mm per annum, occumiagly in the hot-wet season (October
to January) but more evenly distributed throughtbet year. Temperatures vary between -2
and 42C, with an average of 8. The area is characterised by deep loamy soiisede
from shale, mudstone and sandstone of the Bea@mtip of the Karoo Sequence. The
vegetation is characterised by small (less than &lth Acacia karroo trees and invasive

thicket species such as Karroo Bluebustogpyros lycioides) (Bredenkampet al., 1996).

Matatiele, located 2& and 30S, is situated in Alfred Nzo district which is ihet North

Eastern part of the Eastern Cape Province. Theeatyre ranges from 7 to ADin the cold-

dry season when it may be snowy and between 18°® i2 the hot-wet season. The rainfall
season is between October and January with ther ladting the wettest month. Rainfall
ranges between 750 and 1050 mm per annum in thedtateason. This climate is conducive
to crop production. Alfred Nzo is mostly temperated transitional forest with scrub and
some pure grassveld vegetation (Agriculture GeeRefced Information System, 2007).
Farmers from the chosen sites are known to raiaesgogether with other livestock species

such as cattle, sheep, chickens and pigs.

3.2.2 Sampling of households
A structured questionnaire was administered to @& owners; 69 in Matatiele and 144 in
Peddie from February to April, 2007. For each distrl0% of the wards were randomly

selected from which 30% of the villages were furtrendomly selected. From the selected
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villages, all the farmers who were willing to paipate and had goats were considered. The
villages were selected from a household goat ovimenegister from the Department of
Agriculture, South Africa. The questionnaire wa®-pested for accuracy and clarity of

questions.

3.2.3 Data collection

The structured questionnaire used in this studytured information such as household
characteristics, livestock species and numbers, kets of goats, housing, feeding and
health management and the goat breeds used (Seendipp8.1). Farmers were also
requested to rank the different livestock speaesirces of income and roles of goats with
respect to their perceived importance. Secondaty @arole of agriculture, livestock species
kept and cultural beliefs and some aspects of goaduction were collected from key
informants; the chiefs, headmen, veterinary persband agricultural extension officers who
were based in the areas. Some of the informatidiaipeng goat production in the study areas
was generated from a workshop that was held in Eastlon from 08 to 09 February, 2007
and participatory rural appraisal (PRA) meetingksl e the two districts. Direct observations
of the goat breeds used, housing structures, graaiwas and the body condition of the goats

were made at most of the homesteads.

3.24 Satistical analyses

Frequencies for farmer profile, management prastiaad participation of the different
gender groups in smallholder goat production weeteminined using PROC FREQ
procedures of the Statistical Analysis Sytems (2083chi-square test (PROC FREQ) of
SAS (2003) was computed to determine associatitwedss sex of head of household and

goat flock sizes. Household demography, and flaoéssbetween the districts were compared
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using generalised linear model (GLM) proceduresSafS (2003). Relationships between
flock sizes and other livestock species were detesdhusing the Pearson’s correlation (SAS,
2003). Ranks of functions of goats within eachraistvere compared using Kendall's (W)

analysis using Statistical Package for the Soct&rges (SPSS 15.0 for Windows, 1999).
Factor analysis (SPSS 15.0 for Windows, 1999), ugesl to classify the uses of goats, with
the principal component analysis as the extracti@wihod. Traits considered when buying

and culling goats were compared using the Friediestrof SPSS.

3.3 Results

3.3.1 Household demography and goat flock characteristics

As shown in Table 3.1, household sizes in Amatadéridt were smaller (P < 0.05) than in
Alfred Nzo district. There was a significant diféexce in number of female heads of
households between the two districts. Most (P $)0d) the farmers, in both districts, were
above 50 years of age. There were significantlydacattle herds in Amatole than in Alfred

Nzo district.

Sheep and goat flock sizes were similar (P > Oi9H)e two districts (Table 3.1). In addition
to goat production, farmers produced maize and tades in both districts. As shown in
Table 3.2, there were positive correlations (r=Q1« 0.05) between cattle herd and goat
flock sizes and, between cattle herd and sheeik fiozes in both districts. There were
positive correlations between cattle herd sizes emdken flock sizes in both districts.
However, there was no correlation (P>0.05) betwsleeep and goat flock sizes in both

districts. Goat and chicken flock sizes were pwsiyi correlated in the two districts.
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Table 3.1: Household characteristics and livestockerd sizes of farmers

Characteristic

Sample size
Household size
% Age distribution
30 to 50
Goat ownership by sex

Females

Males
Mixed (both males and females)
% of farmersthat did no practise
planned breeding
% farmers owning bucks

% femal e heads

% farmers that did not vaccinate their
goats

Herd sizes

Goat
Cattle
Sheep

District
Amatole Alfred Nzo
144 69
53 59
2% 17
43 39
41 33
16 28
51 49
15° 29
42 32
68 77
14.0 14.1
104 6.3
3.3 4.6

3 y/alues within a row with different superscripts aignificantly different at P < 0.05

NS — not significant (P > 0.05)
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Mean goat flock sizes were not different (P > O.f@5)Amatole and Alfred Nzo as indicated
in Table 3.1. Sex of head of household did not @05) have an effect on goat flock sizes
irrespective of district. Seventy-four percent afriers in Alfred Nzo kept the crossbreds
between the Angora and Nguni goats whilst 70% effdrmers in Amatole kept the Nguni
goat breed. Farmers in the two districts did nahexge their bucks. As shown in Table 3.1,
most farmers used the community buck on their daés a few owning bucks. It emerged
from the PRAs that a few farmers in Alfred Nzo alsgeded the milk-producing Saanen

goats. The majority of farmers in Amatole reportieak they were in need of Boer bucks.

3.3.2 Rolesof goatsin household livelihoods

Farmers from each of the two districts ranked livels as their second most important source
of income (33% from Alfred Nzo, 41% from Amatol€)ld age pensions (US$100 per month
and child grants US$21 per month (US$1: R9.36) wieeemost important sources of income

in the two districts.

Farmers in both districts placed the same emplmasitangible benefits from their goats as
shown in Table 3.3. They also placed the same esigplmmn the nature of products i.e.
whether the product obtained was edible (for examfur home consumption) or not (for

example, dowry).

As shown in Table 3.4, farmers in both villageskesth(P < 0.05) ceremonies, sales, meat and
manure in that order. However, the least importes@ of goats in Alfred Nzo was use of
goats as investment whilst farmers in Amatole atgrgid use of goats as part of dowry to be

the least important function.
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Table 3.2: Pearson’s correlation coefficients of nmbers of different livestock species

kept by goat owners

Livestock species

Cattle

Sheep

Goatt

Chicken:

Pigs

Sheep

Goats

Chicken:

Pigs

Goats

Chickens

Pigs

District
Amatole Alfred Nzo
0.29* 0.36*
0.30* 0.34*
0.18* 0.41*
0.05 0.44
0.61* -0.00
0.37* 0.07
0.8¢ 0.1z
0.38** 0.41**
0.45 0.36**

values with an asterisk show statistically corielas at P < 0.05 for * anél < 0.01 for **
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Farmers in Amatole district valued goat milk moRe € 0.05) than farmers in Alfred Nzo
district whilst farmers in Alfred Nzo placed mommportance on goat meat than those in
Amatole (Table 3.4). Manure was considered moreoitapt in Alfred Nzo than in Amatole
district. There was no difference in the importaptaced on goat skins by farmers from both
districts. Sales of live goats were equally (P 85pimportant in the two districts as indicated
in Table 3.4. The use of goats for ceremonies wpgley (P > 0.05) important in both

districts.

3.3.3 Gender participation in smallholder goat production

The PRAs revealed that a few women (adult fematesmatole (35 %) and Alfred Nzo (28
%) owned goats. It was also established that wamenthe two districts were not concerned
about their husbands owning goats, arguing thatsgage largely ceremonial animals. The

ceremonies have no direct benefits to the women.

The questionaire, however, revealed that therenwadifference between goat ownership by
female farmers in the two districts (43% in Amataled 41% in Alfred Nzo) as shown in
Table 3.1. Joint goat ownership was 16 and 28%Aforatole and Alfred Nzo district
respectively. Involvement of women in the managemégoats was less (P < 0.05) than that
of men. Female youths had significantly less pigditon in the management of goats than
male youths in both districts. Male youths in AtfrBlzo were more involved in the herding

of cattle than male youths in Amatole districtadicated in Table 3.5.

More females in the Amatole than in Alfred Nzo didtherded goats (Table 3.5). However,
males were mostly involved in herding of the goAtsombination of men and women were

involved in the selling and treatment of sick goatghe two districts.
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Table 3.3: Factor analysis of scores for reasons kéeping goats by farmers

Reason for keeping District
goats

Amatole Alfred Nzo
Tangible benefit 5.97+£ 0.235 4.49+ 0.233
Nature of product 0.06% 0.339 0.24+ 0.186
Incorre generatio 6.00+ 0.184° 7.35+ 0.265
Consumption of meat -2.69+ 0.190 -3.47+0.287

a\eans in the same row with different superscripéssignificantly different at P < 0.05

The lower the value the more important the trait is
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Table 3.4: Reasons for keeping goats as ranked bgramunal famers of the Eastern

Cape Province

District

Function Alfred Nzo Amatole
Sample size 69 212
Meat 3.36’ (3° 3.85 (3)
Milk 6.00 (6 5.01 (5
Manure 4.24 (9 4.99 (4
Skin 6.17 (7) 5.82 (6)
Sales 3.14 (2) 2.22(2)
Investment 6.20 (8) 5.86 (7)
Dowry 4.92 (5 6.31 (8
Ceremonie 1.96 (1 1.93(1
Kendall’'s Coefficient (W) 0.58* 0.65*

®The lower the rank, the greater the importancéefttait

®The mean rank

‘W ranges from 0 (no agreement) to 1 (complete agregraad the higher its value the
higher is the level of agreement between individaaghers

* Significant atP < 0.05

Values in parenthes indicate the rank of the famcti
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Where it was practiced, controlled breeding waestiped by men.

3.34 Management of communal goats

Goats in Amatole (81% of the respondents) and Alfkzo (83%) were allowed to graze
freely in unfenced grazing areas. Ninety-two petrceh the households interviewed in
Amatole housed their goats in kraals overnight,Isthinore farmers in Alfred Nzo (55%)
kept their goats in stalls overnight. Participatamyral appraisal meetings and direct
observations revealed that of the households thatiged goat housingAcacia karroo
branches were the most common material used fazdhstruction of goat houses in Amatole
whilst corrugated iron sheets were used in Alfresb NOver 90% of the farmers in the two

districts had earth as the floor for goat housée Majority of the goat houses had no roofs.

Ninety seven percent of the farmers in Alfred Nnd 83% in Amatole castrated their goats.
The main reasons for castration of goats by farnfiensy both districts were to control
breeding and improve meat quality. Most (84% in Aoty 83% in Alfred Nzo) goat farmers
mentioned that diseases were the major cause tiisde& their goats. The most important
health problems, from PRAs, were gastrointestiragites,gallsickness and maggots in
Amatole and, gastrointestinal parasites, abscemsg@gallsickness in Alfred Nzo district in
that order. Farmers from the two districts alsoortgrl goat health problems such as
diarrhoea and mange. Most farmers reported thgtdtienot vaccinate their goats against the
important diseases (Table 3.1) due to lack of fuiithe PRAs established that farmers from
the two districts used ethnoveterinary medicinetraat their goats when they fell ill. Male
adult farmers in Amatole (81%) and Alfred Nzo (76%g¢re responsible for looking for
ethnoveterinary medicines. Women, from the twordis, however, also knew how to

prepare ethnoveterinary concortions and how to aidieir them to sick goats.
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Table 3.5: Participation (% of farmers) of different gender groups in goat production

Characteristic

Herding

Men

Womer
Male youths
Female youths
Slling

Men

Womer

Male youths

Female youths

Amatole

39
22°

36°

49
36

12

Alfred Nzo

42

51°

49

37

13

a\eans in the same row with different superscripéssignificantly different at P < 0.05
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All the farmers considered particular traits wheuilieg their goats. In Amatole the most
important reason for culling was the size of thatgavhile reproductive performance was
ranked as the most important trait in Alfred Nzstdct. Age and size of both sexes were
considered important when culling goats in bothtrdits (Table 3.6). Reproductive
perfomance was lowly ranked for male goats in labstricts. Farmers from the two districts
did not put much emphasis on temperament and bodgition score (BCS) in culling their
goats, as shown in Table 3.6. Coat colour of tregggwas ranked lowly in both districts. The
main coat colour varied and could be entirely bjdwown or white in Amatole and mainly
white in Alfred Nzo district. In both districts faers reported of few breeding bucks leading
to the problem of inbreeding. Researchers notegbofly constructed goat housing, and the

major constraint mentioned by famers was diseasgéparasite infestation.

3.4 Discussion

The finding that males headed most households cseith earlier reports (Habtemariaan
al., 2003; Chawatamat al., 2005; Chiduweet al., 2008) that reported that men are, by
custom, traditional heads of households in manyroarmal areas in most Sub-Saharan
countries. Most men make decisions pertaining ticaljure regardless of whether they are
resident on the farm or not. The observations tast men were resident on the farms and
depended on agriculture for their living are coresiswith an observation by Mashateteal.
(2005) in their study in north-eastern Zimbabwe.isThight explain mens’ interest in
management of goats which would have been donedoyem had these men been away from
their farms. The observation that more women owgedts concurs with findings from a
study by Saico and Abul (2007) in a communal arfe&waziland. Although more women

owned most of the goats, the management of thes geag mostly done by men.
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Table 3.6: Traits considered by farmers in cullinggoats

Trait District
Amatole Alfred Nzo

Male Female Male Female
Size 3.56(2)' 2.38(1) 2.38 (1) 3.62 (3)
Conformation 5.54 (7) 4.51 (3) 4.50 (3) 5.93 (6)
Coat colour  5.38(6) 5.73(6) 5.73(6) 5.88(5)
Temperamer 5.8£(8) 6.06(7) 6.06(7) 6.24(7)
Health 4.98 (3) 4.86 (4) 4.86 (4) 4.67 (4)
Performance 5.35 (4) 4.96 (5) 4.88 (5) 2.43 (1)
BCS 5.40 (5) 6.41 (8) 6.40 (8) 6.32 (8)
Age 3.09 (1) 3.44 (2) 3.44 (2) 3.36 (2)

The lower the mean rank, the greater is its impogeat P < 0.05
3Body condition score
The figures outside the parenthes are the rantteedfait indicated per given district

“The figures inside the parenthes are the mean wfrtke trait indicated
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Efforts should, therefore, be made to ensure thamen get full knowledge on goat
production so that they are better able to managgsgin the absence of men. The high
proportion of farmers, who were at least 50 yedds oould be perceived in two ways.
Firstly, the aging population has extensive expegeand traditional knowledge about
agriculture. Such aged farmers, however, mightreah a position to adopt new technologies
(Agwu et al., 2008) that are meant to improve agriculturaldpiciion. Younger farmers are
more likely to be receptive to new technologiegdiashan old farmers and the younger the

farmers, the more active and innovative they well b

On the other hand, Starkey (1996) argued that tiager generation views farming systems
in smallholder areas as backward and old-fashi@ret prefer to be formally employed in
urban areas. This indicates that there will be @tbat will be difficult to fill once the aging
farmers are retired, possibly leading to the ceapf communal agriculture. It, therefore,
entails that stakeholders such as extension aofficeon-governmental organisations and
policy makers should educate the youths on the itapoe of agriculture so that they can

take over from the elderly when the latter aredlubto do any farming.

The larger goat flock sizes in the two districtenpared to a flock size of 9.7 reported by Van
Niekerk (2004), 7.5 goats per flock in Nigeria repd by Francis (1988) and 5 goats in
Cameroon (Ndamukone al., 1989) could probably be due to availability eazing land,
that is not used for cropping in the two distriofsthe current study, where goats can graze
and browse. This could also explain why most of fdmeners allowed their goats to graze
freely. Farmers in this study also attributed engér goat flock sizes to unreliable rainfall in
the area. Since feasibility of crop production hrede areas is limited, farmers found it

worthwhile to capitalize on livestock productiortenprises, especially goats.
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Findings from this study reveal that, as expectadners have different sources of income.
Apart from getting income from the sale of goatd ather livestock, farmers also obtained
income from crop production, grants and pensiortsiansome cases, salaries. A study by
Perret (2000) indicated that farmers in the Eas@ape Province are only able to grow 30%
of crops that they would require annually. This liep that they would require other sources
to augment food and other requirements. Apart feaites of livestock, which is usually rare,
these extra requirements are met by salarieshéemployed and pensions and grants for the

unemployed.

The observation that farmers do not farm with gamtly, but with cattle, sheep, chickens,
pigs and ducks, owning a few of each species igay@f most African rural communities
(Mashatiseet al., 2005). This is of great importance since dif@aiion averts risks and
promotes sustainable development in rural areasoing to Francis and Sibanda (2001),
smallholder farmers diversify their enterprises ftdfil the multiple obligations from
agriculture. The integration of goats with othetegprises indicates a way of diversification

in order to improve food security.

The positive correlation between cattle and goat rezes in all the districts could be
attributed to the fact that the two livestock specare usually herded together in most
smallholder areas and, therefore, do not competaliour. Since cattle are grazers and goats
are browsers, the two enterprises complement eteln and can, thus, co-exist on the same
grazing area. The same conclusions were also dri@ein Zimbabwe by Sikosana and
Gambiza (1994). The positive correlation betweatiecherd sizes and chicken flock sizes,
irrespective of district indicates that as farmacguired more cattle, they became less poor

and it, therefore, was easy for them to acquiresncbickens.
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The finding that the farmers in the two districtsoptized the reasons for keeping goats
differently could be attributed to cultural diffeX@es among the districts and hence diversity
in the value they attach to goats. It was obsetkad goats, in the two districts, are mainly
reared for ceremonies. This finding is in harmonghwobservations by several authors
(Akingbadeet al., 2001; Timmermans, 2004; Kunene and Fossey, 200@gsd authors
revealed that goats, in the Eastern Cape Provareemportant in bestowing good fortune at
households, to ward off evil, and to enable ritepassage and are rarely slaughtered outside
of a ceremonial context. In both districts, goats mainly slaughtered at funerals and for

boys when they go for the initiation ceremonies.

Goats fit well with crop production since manurenfr goats can be applied to gardens and
small cropping fields and the goats can then feedrop residues. The observation that goat
manure was more important in Alfred Nzo than in Aofadistrict could be attributed to the
higher number of goats in Alfred Nzo than cattlenpared to flock sizes in Amatole district.
This meant that farmers in Amatole district woukkeumanure from their cattle to fertilise
their gardens. In addition, more cropping is dandlifred Nzo district than in Amatole such

that farmers in Alfred Nzo would use any availadderce of nutrients for their crops.

Manure from goats is an invaluable source of omgdeitilizer for improving agricultural
production. While this contribution is limited, i of great importance to most resource-poor
farmers who cannot afford expensive inorganic lieetis for use in their crop fields. Manure
collection becomes important when farmers empldgnisive system of goat production
(Lebbie, 2004) and farmers should be encouragedsw® it. Collection of manure for

gardening, although demanding in terms of laboas, teen proven to be a successful way of
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controlling diseases and integrating goat rearirtg the whole farm (de Vries, 2008). It,

therefore, is imperative to urge farmers to maleafggoat manure.

The finding that milk, in both districts, was lowhanked agrees with Masika and Mafu
(2004) who reported that farmers in the Easterne(qovince do not consider provision of
milk as a major reason for keeping goats. Te@tral. (2004) also reported low goat milk
consumption in other smallholder areas of SouthcAfrwhere only 3% of the respondents
milked their goats. Many cultures in Africa stibsociate goats with poverty and cattle with
wealth. Many men will not admit that their goat® anilked, believing it to be a sign of
poverty and something of which to be ashamed ofefaest al., 2004). It, however, is
important to note that goat milk has therapeutapprties and is more easily digestible than
cow milk (Haenlein and Ramirez, 2007). The otheramtiages of milk production over meat
production are that milk is produced on a dailyibasd the efficiency of utilization of
nutrients to produce milk is high. On this basmmnenunal farmers should be encouraged to
milk their goats (Gatenbuy, 1982) in order to pdavichildren and the aged with this

important source of protein.

The observation that farmers from the two areasdidvalue goat skins could be ascribed to
lack of ready markets and, therefore, would bettefbtafter slaughters. The other reason for
the skins not being marketed and processed iskiaghtering is done in an informal manner
for ceremonies, religion and home consumption psgpoand not in abattoirs. Goats are
slaughtered in low numbers which might not supgontiable business. This implies that
farmers can, if many slaughters from different lehedds take place at the same time,
combine the goat skins and market them. Farmettseircastern Cape Province might not be

aware that they can obtain US$0.08/kg for a dryedakkin. Skins can be used in the
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production of carpets, seat covers, ropes and (@z@enbuy, 1982). If the skin is cured it can
be sold for US$8.30. If the skins are further pssesl into leather handbags and other items
decorated with rural or tribal motives, the finidh@roduct has a potential value of
US$166.70 especially in tourism industry (Tefetral., 2004). There is, therefore, a potential
to commercialise goats which can improve the Iha&bds of the smallholder farmers through

sales of the skins and provision of employment.

Observations from this study indicate that farmersthe two districts did not separate
breeding females from bucks implying that they mmitmade use of breeding seasons nor
implemented selective mating. Uncontrolled breedirakes it difficult to keep reproductive
records in communal areas. Controlled breedingbeaachieved by separating the breeding
males from the females all the other time of tharyexcept during the breeding season.
Controlled breeding, if carefully planned, will @ems uniform crops of kids that are born
when there is plenty of feed. Uncontrolled breediag promote inbreeding. The levels of
inbreeding in the goat populations studied are @ibbbhigh because of the limited gene flow
between villages. Dosst al. (2007) had similar findings in a study on goat8enin where
farmers did not exchange goats. Furthermore, thezevery few breeding bucks and this
increases the chance of bucks mating their remti@mmunal goat farmers should be
educated on the negative impacts associated witleéling. They should also participate in

designing practices that reduce the level of intireg such as exchange of bucks.

For the ceremonies, larger goats were requirecsiag) the smaller ones would indicate lack
of respect for their ancestors. Farmers, from e districts, reported that they were afraid
that their goats would die due to old age if the&y mbt cull them earlierOld age could be

taken as an indicator for longevitBody size and age are important in selecting arsimal
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Small framed does are also culled since they arst fikely to produce small kids (Dossta
al., 2007).It is important for farmers to cull goats whose guativity is no longer efficient
and remain with a flock composed of goats that @i@uctive as breeding or growing
animals.It, also, is important to understand the traitst thile of economic importance to

potential beneficiaries before designing any gogirovement programme.

The reason why coat colour of goats was importaninclear. However, it is likely that the
farmers in the two districts prefer white goatsderemonies and, therefore, cull their goats in
favour of the white individuals. White goats araugjhtered for boys when they undergo the
initiation ceremonies (Manton, 2005) or for otheremonial purposes. This implies that
colour is an important trait when considering bragdprogrammes for such farmers
indicating that the Angora goat or white indigengasts may be breeds of choid in-
depth understanding of factors influencing the sleai of resource-poor farmers to keep
goats is fundamental prior to formulation of teclmgees and policies that empower

communal farmers.

Farmers complained about the high prevalence dfa@atestinal parasites which are usually
devastating at a sub-clinical stage. Gastrointaktiparasites are considered the most
important causes of morbidity and mortality in go@ahusoonet al., 2004). Farmers from
both districts considered the health of the aniawadl reported that they slaughtered the
diseased animals or those that had broken leg#iasdhey would remain with the healthy
ones. Impaired productivity in goats, especially tton-descript and imported breeds, can be
attributed to infection by gastrointestinal pamesitThe diseases mentioned by farmers from
the two districts are in line with findings by Mkaiand Mafu (2004). Farmers should be

made aware that they need to vaccinate their goatsder to reduce disease incidences.
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Identification of prevalence and the species ofriaths affecting goats in the specific areas
should be sought before a dosing schedule is ptafBissay, 2007). Management, such as
housing, should also be improved to reduce pathotenAnother alternative is to advocate

for the local genotypes and educate the farmetsthiese breeds are better able to deal with

diseases and parasites that prevail in these #meagh resistance and resilience.

The poorly constructed housing can cause advefeetfin goats resulting in pneumonia,
footrot and increased parasitic infestation (Devarahd McLeroy, 1982). Goat houses from
the two districts did not have roofs and this re=iilin accumulation of water and muddy
floors. Ficarelli (1995) reported that in Malawiagdarmers lose 30% of their young stock
during the rainy season because of poor housingrofer housing is meant to protect goats
from predation and harsh weather conditions, amdfim® the goats during the cropping
season. A good housing structure should provideésgeéh the best micro-climate that can
impede the spreading of diseases and parasitesi(@el., 2004). This calls for the need to
improve the floors of the goat houses and to pewadoof in order to reduce kid mortality
during the rainy season. An improvement in goassiucan help reduce financial input used

to purchase drugs as the health of the animalsdiamave improved.

3.5 Conclusions

Communal farmers kept goats for several reasortswibee ranked differently in the two
studied districts. Farmers in the Eastern CapeiRtewkept goats mainly for ceremonies and
sales. Goats grazed freely since there is an egpgnazing land. All these factors should be
taken into consideration when designing breedimg@mmes. It is fundamental to evaluate
the contribution of goats to their owners, althoubhir production systems are complex.

Complexity of goat production systems calls for tetermination of the efficiency of goat
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production systems for devising intervention stgas to improve goat productivity and

hence rural livelihood.
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4 CHAPTER 4: Goat flock dynamics in the resource-pooicommunal

areas of the Eastern Cape Province of South Africa

(Submitted taJournal of Arid Environments)

Abstract

A longitudinal survey was conducted to characteflisek dynamics for goats in communal
areas of the Eastern Cape Province of South Afrisamonthly questionnaire was
administered to randomly selected farmers betweay B007 and April, 2008. Nineteen, 21
and 13 farmers were monitored in Matatiele, Qawulkarmd Mankone, respectively. The
parameters assessed were the entries and exitsl fooan each flock. The mean buck to doe
ratios, at the beginning of the experiment were&11t19 and 1:11 for Qawukeni, Nkosana
and Mankone, respectively. Most kids were born irgést (4.92 + 0.362 for large flocks and
2.03 = 0.329) for small flocks. Total entries wéigher (P < 0.05) in August, September and
October than in the other months. Kid mortality ihad major peaks; in May (21 %) and in
September (21 %). Adult mortality was not differérdam zero (P > 0.05) throughout the
study period. Main causes of death of kids wereridafpon of milk, cold, gallsickness,
gastrointestinal parasites, and accidents in theethillages. In addition, predation of goat
kids was reported in Qawukeni and Mankone. Most (PO5) goats, regardless of flock size,
were sold in December, a month in the hot-wet sgg4006 + 0.127 for large flocks and 0.23
+ 0.135 for small flocks), and followed closely dyne, a month in the cold-dry season, (0.43
+ 0.144 for large flocks and 0.18 + 0.124 for snilaitks) in comparison with other months.
The average GPE values were 0.50 + 0.116, 0.5M360and 0.50 + 0.091 for Mankone,
Nkosana and Qawukeni, respectively. Goat Produdfficiency values ranged from 0.11 +
0.193 in April to 1.55 £ 0.193 in December. Genlgrabff-take and GPE were low in the

three communities due to high mortality and muitdtionality of goats. Kid mortalities were
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high especially in May and June but the causeh@fhigh kid mortalities were not clear.

Therefore, further research is needed to identidydauses of mortality in goat flocks.

Keywords: Entries; exits; goat production potential; goabduction efficiency; kid

mortality.

4.1 Introduction

The importance and extent of contribution of comaiwgoats, at household and community
level, are poorly understood (Peacatlal., 2005). It is often inappropriately assumed that
the contributions of goats to household economiessinilar across communities, rangeland

types, production systems and flock sizes (Verlseek, 2007).

Cognisant of the complexity of communal goat prdaucsystems, Muchadewgt al. (2005)

and Chiduwaet al. (2008) have developed indices such as produgtotential and

production efficiency. Production potential reféosthe proportion of mature and growing
goats to the total flock/herd size and is cruamthie computation of production efficiency.
Production efficiency is a variable that refledis proportion of potentially saleable animals
sold and/or slaughtered by farmers. Productionmiiatieand efficiency have been applied in
the description of communal chickens (Muchadetyal., 2005) and pigs (Chiduwet al.,

2008). Variation in efficiency over time and/or asecan be indicative of constraints to
communal goat production, and can be used to camgddferent production systems.
Determination of efficiency of goat production ®ysis is crucial in devising intervention

strategies to improve goat productivity.

In Chapter 3, farmers’ perceptions on goat prodactvere retrieved. The contribution of the

goats to household food security and income wasjelier, not adequately captured. It,
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therefore, is fundamental to monitor goat flock akyrics and identify the major constraints to
goat production, with the active participation afrhers. The objective of the study was to
estimate goat flock demographics in two rural comities of the Eastern Cape Province of

South Africa.

4.2 Materials and methods
4.2.1 Study sites
The study was conducted in Matatiele, in Alfred Nistrict and Peddie of Amatole district.

Details on the description of the sites are deedrib Section 3.2.1.

4.2.2 Household selection

Selection of farmers was on the basis of owninggast three mature goats, willingness to
participate in the study and presence of a literseber in the household who would be able
to keep accurate records. Literacy was definetaslility to record goat entries and exits in
the booklets provided. Selection of the farmers dase with the assistance of the extension
officers. Nineteen, 21 and 13 households were wmlefrom Nkosana, Qawukeni and

Mankone, respectively.

4.2.3 Monitoring flock sizes

Assessment of goat flock inventory and productivitgre accomplished through conducting
monthly visits for a year, from May 2007 to Aprd@8. Flocks in each village were classified
into small and large flocks. Flocks with more tHzhadult goats were considered large. The
willing farmers were also categorized into thosssléhan or over 40 years of age. The goats
were classified into five categories; adult femdfesnale goats older than one year), bucks

(entire males older than one year), castratesré&tadtmale goats older than one year), female
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kids (female goats less than one year) and mate (kidle goats less than one year). Sixteen,
eight and seven farmers in Qawukeni, Nkosana andkbfee, respectively, owned at least
one buck. The distribution of goat classes, in eaicthe villages, is indicated in Table 4.1.
Table 4.2 shows the mean sizes of the various daases and the total number of goats at

the beginning of the study in the three villages.

At the beginning of the trial each farmer was issudth a notebook and trained on how to
record all the entries and exits that occurredheirtgoat flocks (See Appendix 8.2). The
entries recorded were births and purchases. Gdas, smortalities, missing goats and
slaughters comprised the exits. Exchanges, giftsgamats entrusted were recorded as either

entries or exits depending on whether the goatslwed were exiting or joining the flock.

4.2.4 Goat off-take, goat production potential and goat production efficiency

Off-take was defined as the total number of gohtt tvere sold and/or slaughtered plus
animals gifted-out permanently as a proportion lné flock size (Wilson, 1986). Goat

production potential (GPP) and goat productioncefficy (GPE) for each flock were

calculated every month, as described by AmanorgL88d Chiduwaet al. (2008).

The GPP was computed as the proportion of matutegeswing goats to the total flock size.

It was calculated as:

Gpp =

H Where
GPP = goat production potential;
N = number of mature goats and growing goats; and
H = herd size.
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Table 4.1: Distribution of participating farmers per village in the Eastern Cape

Province at the beginning of the trial

Village
Mankone Nkosana Qawukeni
Characterigtic LF SF LF SF LF SF
Gender of
farmer
Male 5 3 5 8 7 9
Female 2 3 3 3 2 3
Age of farmer
< 4C 2 3 4 6 2
> 4( 5 3 4 5 1C

LF- Large flocks

SF- Small flocks
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Table 4.2: Average flock structure in Mankone, Nkoana and Qawukeni villages at the

beginning of the trial

Village
Mankone

Large flocl
Small flock
Nkosana
Large flock
Small flock
Qawukeni
Large flocl

Small flock

Flock structure

Kids

6.6+ 1.0z

1.5+1.01

3.40+£0.85

2.75+0.95

1.3+ 0.77

0.77 £0.89

Female adul

8.7 £3.1°

6.5+3.3°"

ts

16.5+ 1.80

54+1.87

18.9 + 2.4i°

5.9+2.15

Bucks

0.5+0.18

0.4+0.22

1.7 £0.2:°

0.7+0.19

Castrates

2.4 £0.8t°

0.7 +0.9:°

4.0+0.85

1.1+1.00

3.3+0.9°

0.8+0.77

Flock size

18.6 + 3.4(°

8.813.67°

25.5+2.09

7.9+2.48

25.9+3.1.°

75+272

ay/alues within a column, for a particular villageifiwdifferent superscripts are significantly

different (P < 0.05)
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The GPE was defined as the proportion of maturésgsld and/or consumed as a proportion

of GPP, and calculated as:

M
GPE =| —— 100 - wh
( GPP ) - nere
GPE = goat production efficiency;
M = number of mature goats consumed or sold; and
GPP = goat production potential.

425 Satistical analyses

The effects of month, village, gender and age aidhef household and flock size on entries,
exits, GPP, GPE and off-take were determined usiagsLM procedure of SAS (2003). The
linear statistical model used was:

Yijkm = 1+ Mi+Vj+ S+ A +Fqn+ (M xV)jj +(M X F)im + Ejim

Where

Yixm = response variable (GPE, GPP, off-take, kid nfigyfaadult mortality, sales,
slaughters, goats entrusted out, births, purchased)anges, goats entrusted in, gifts and
number of goats missing),

M = constant mean common to all observations;

M; = effect of monthi(= May, June........ April);

V; = effect of village [= Qawukeni, Nkosana, Mankone);

S = effect of gender of farmek & male, female);

A, = effect of age groug € < 40, > 40);

Fn= effect of flock sizerfi= small flocks, large flocks);

(M x V);; = month x village interaction;

(M x F)m= month x flock size interaction and
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Eijwmn = random residual error, assumed to be normallyibliged

The effect of presence or absence of a buck irfltie& on births and the effects of month,
village, flock size, gender and age of head on qnign of kids to does were also determined

using the GLM procedure of SAS (2003).

4.3 Results

4.3.1 Flock sizesand structure

Figure 4.1 shows how the number of goats per haldetaried with month in both the small
and large flocks of goats. Flock sizes peaked batwugust and November and remained
constant throughout the study period. Buck to ddes for the three villages were 1:15, 1:19

and 1:11 for Qawukeni, Nkosana and Mankone, resgdgt

4.3.2 Factorsaffecting entries

The numbers of goats that joined flocks throughruesting, exchanges and gifts were not
affected by village (Table 4.3), flock size, genderd age of farmer. Month, however,

significantly affected total entries for both floskzes, as shown in Figure 4.2. For each flock
size, the pattern of births followed closely thetgran of total entries. The total entries were

higher (P > 0.05) in August, September and Octtian in the other months.

Kidding was significantly affected by month, floskze and the interaction between the two
whilst village, as indicated in Table 4.3, age afnfier and gender of head of household had
no effect (P > 0.05) on births. As depicted in F&gd.2, births were significantly higher in
August (4.92 £ 0.362), September (4.75 + 0.313)@otbber (2.48 + 0.318) than in the other

months. On average, does kidded once a year.
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Figure 4.1: Monthly flock dynamics from May 2007 toApril 2008 in the small and large

flock groups across the three villages
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The presence or absence of a buck in a flock hadfaat (P < 0.05) on the number of kids in
the flock. Flocks without bucks had 4.3 £ 0.34 kasnpared to 6.1 + 0.33 kids in flocks

whose owners had at least one buck.

Flock size, gender and age of head of householdhbadfect (P > 0.05) on the proportion of
kids to does in the flock. The proportion of kidsdoes was significantly affected by month,
as indicated in Table 4.3. Significantly highermodions of kids to the number of does were
recorded in August (57.0 = 0.05), September (41000b) and October (31.0 + 0.05) than in
the other months. The proportion of kids to does wa#so affected by village, with a

significantly higher proportion of kids to does fywats raised in Mankone (22.0 + 0.03) than

in Nkosana (9.8 = 0.03) and Qawukeni (14.9 = 0.03).

Owners of large flocks bought 0.02 + 0.007 bucks mpenth per farmer, whilst owners of
small flocks did not purchase bucks at all. Montiilage, gender and age of head of
household did not affect (P > 0.05) number of bymkshased. Purchase of the other classes

of goats was not significantly affected by anyhd## fixed factors.

4.3.3 Factorsinfluencing outflow of goats

The number of goats that exited flocks through mggsexchanges, gifts and goats entrusted
were not affected (P > 0.05) by village (Table 4Bbnth, flock size, age and gender of the
farmer. Slaughters were significantly affected bijage. Month affected (P < 0.05) kid
mortality. The monthly changes in goat mortalitg aepicted in Figure 4.3. Kid mortality
had two major peaks; in May (21%) and Septembe¥§2The proportions of kids to does
were lowest (P < 0.05) in January to May and higlies< 0.05) in August to October as

indicated in Table 4.4.
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Table 4.3: Effect of village on GPP, GPE, off-takegntries and exits in goat flocks

Characteristic

Entries

Births

Purchase

Goats received as gifts

Goats received as exchange 0.00 £ 0.006

Goats entrusted in

Exits

Sale:
Slaughters
Missing

Deaths

Goats given as gs
Goats given out as exchal

Goats entrusted out

GPP
GPE

Offtake

Village
Mankone Nkosana Qawukeni
0.95+0.17 0.86 +0.14 0.95 + 0.14
0.04 £ 0.03 0.11 £ 0.03 0.04 £ 0.02
0.01 + 0.092 0.00 +0.076 .00 @ 0.073
0.01£0.00 0.00 + 0.005
0.00 + 0.003 0.00 + 0.027 0.00083
0.12 £ 0.05 0.21 £ 0.04 0.25 + 0.04
0.10 £ 0.030 0.18 + 0.027 0.08 £ 0.03D
0.20 £ 0.128 0.41 +0.106 0.24 +0.101
0.46 + 0.090 0.40 £ 0.077 0.50 + 0.070
0.01 £0.01 0.03 £ 0.01. 0.00 +0.01
0.00 +0.02 0.08 £ 0.01 0.00 £ 0.01
0.00 + 0.003 0.00 + 0.003 £.0002
0.57 £0.018 0.75+0.013 0.69 + 0.015
0.51 £0.116 0.51 + 0.096 0.50 + 0.091
0.01 £ 0.01 0.04 0.0 0.02 £ 0.0

ay/alues within a row with different superscripts diferent (P < 0.05)
! Goat production potential

2 Goat production efficiency
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Figure 4.2: Mean monthly births and entries for lage and small flocks in the three

villages
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Adult mortality was not different from zero (P >08) throughout the study period. Kid
mortality was higher than adult mortality exceptAngust, November and from January to

April when they were the same (Figure 4.3).

Village and gender of owner of goats did not havestiect (P > 0.05) on both kid and adult
mortality. The age of farmer affected kid mortaktyth a higher (P < 0.05) kid mortality in
flocks owned by the elderly (13.2 + 0.02) than liwge owned by the young (0.1 + 0.026)
farmers. Main causes of death of kids, as repdstethe farmers, were deprivation of milk,
gallsickness, gastrointestinal parasites, and aotsdin the three villages. In addition,
predation was also reported in Qawukeni and Mankaorek cold was reported in Nkosana.
Kid mortality was higher (P < 0.05) in small flocas0.13 £ 0.028ompared to 0.07 = 0.020

in large flocks.

Sales of goats, other than castrates, were naitaffdy any of the fixed effects tested. There
was a significant interaction between month andklsize on sale of castrates. The monthly
changes in the mean sales (per household) of tesfiar the two flock sizes are indicated in
Figure 4.4. The highest (P < 0.05) number of ctedravere sold in December (0.05 + 0.084
and 0.67 + 0.079 for small and large flocks, retipely), followed by June (0.16 + 0.076 and

0.67 £ 0.079 for small and large flocks, respedyive

Total sales of goats during the study period fodldvihe trend for sale of castrates. There,

also was a significant interaction between monthféotk size on total number of goats sold.
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Figure 4.3: Monthly kid and adult mortality for the three villages
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Table 4.4: Least square means (z standard errors)f @roportion of kids to does in goat

flocks in the Eastern Cape villages

Month Proportion of kids to does (%)
January
February 3
Marct 3
April 3.7
May 7°
June 12
July 6
Augus 57°
Septembe 47°
October 31
November 11
December )
Standard Error 0.0t

acyalues with different superscripts are significartifferent (P < 0.05)
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As indicated in Figure 4.5, most goats, regardédtock size, were sold in December (1.06
+ 0.127 and 0.23 + 0.135 for large and small floakspectively), and followed closely by
June (0.43 £ 0.144 and 0.18 + 0.124 for large andllsflocks, respectively) in comparison
with other months. Goats were sold for R500 to R1RQ0S$53.4 to US$128, IUS$ = R9.36)
per goat depending on the age, gender and/or kthe goat. Most farmers were unwilling to

sell female goats unless they were unproductiwepr old.

4.3.4 Factors affecting off-take, goat production potential and efficiency

Gender of owner of goats had an effect (P < 0.06(5€P. Female owners of goats had a
significantly lower GPP value of 0.63 + 0.015 tHan male owners (0.70 = 0.010). Month
also significantly affected GPP as indicated inuFég4.6, with the highest (P < 0.05) GPP
recorded in May, June and July and the lowest inckland April. Village affected GPP with
values for Nkosana and Qawukeni being significaritigher than for Mankone. Goat
production potential was higher (P < 0.05) in srilaltks (0.04 + 0.008) than in large flocks

(0.02 % 0.008).

Off-take was not affected by any of the factorsteds Goat Production Efficiency was
affected (P < 0.05) by month and flock size. TheEGRIlues ranged from 0.11 = 0.193 in
April to 1.55 + 0.193 in December as indicated igufe 4.7. The GPE was higher (P < 0.05)
in large flocks (0.68 £ 0.086) than in small flogks32 = 0.085). The GPE was not affected
by village and gender of owner of goats. Goat petida efficiency and off-take values for

each village are shown in Table 4.3.
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4.4 Discussion

Information on the contribution of goats to houddheconomies in Southern Africa is

largely scarce. The monitoring of goat flock dynesnaids in the estimation of contribution

of goats to the livelihood of resource-poor farmensl on-farm production performance of
the animals. Most of the available literature isnfrone-off surveys, based on recall by the
farmers. It, therefore, is crucial to determine Htoek sizes and structures vary with season,
in an attempt to quantify the contribution of goadsthe livelihoods of the resource-poor

farmers.

The finding that female goats constituted abou®/6f the flock concurs with an observation
from a study in Swaziland where a similar flock gsition of 70 % females was reported
(Lebbie and Manzini, 1989). The greater proportainfemales in goat flocks is also in
agreement with earlier reports (Ndamukostgal., 1989; Reynolds and Adediran, 1994;
Loforte, 1999). Wilson and Durkin (1988) establidhhat, under communal production
systems, female goats were mostly retained fordimgepurposes whilst castrates were sold

most.

The greater number of breeding female goats ensamdaster growth of the flock due to
increased number of births (Ahmadu and Lovelac®2P20However, the increase in births
can be accomplished when the goat farmers ensair¢hid female goats have access to bucks
when the need to be bred arises, among other eamsttto production. The buck to doe
ratios observed agree with Lebbie and Manzini ()}988Bo reported a ratio of 1:12 for
Swaziland. Ahmadu and Lovelace (2002), however,onted a ratio of 1:30. The
recommended buck to doe ratio for goats under tioadl production system is 1:25

(Ahmaduand Lovelace, 2002).
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Although the buck to doe ratios in the current gtadght be desirable, the number of bucks
could be insufficient under the communal productsystem where individual communal

farmers keep small flocks and, therefore, mostefftocks do not have a buck of their own
(Saddulet al., 2003). Does from flocks without bucks have asdesbucks from other flocks

in the communal grazing areas. However, it is woiting that during the cropping season,
goats from different flocks do not mix (Maiga, 19%thmadu and Lovelace, 2002) since they
are herded in different areas, away from crop $ielthe lack of mixing of flocks suggests

that flocks without bucks have limited or no accsbucks during the cropping season.

The uneven distribution of bucks might explain tieservation that most does kidded from
August to October indicating a late post-rainy sea® cold-dry season breeding. It implies
that most does in the current study conceived fkdanch to May, soon after harvest when
bucks and does were no longer confined and wolsatefore, intermingle resulting in higher
chances of a doe being mated when it required k. bydowever, is important to note that
fertility of goats reaches its peak in autumn (Allmmand Lovelace, 2002). For those flocks
that had bucks, kidding took place throughout tharyas indicated by the higher number of
births in such flocks compared to those that didhawe. It, therefore, is imperative that each
farmer has at least a buck in his/her flock or lsustkould be managed in such a way that they
are available to all does when required, for examply lending each other if a farmer
without a buck discovers any doe(s) on heat irhbisflock. This might increase the observed
kiddings of once per year to three kiddings in tyears. Besides availability of bucks, it is
fundamental to investigate the effect of otherdestsuch as gastrointestinal parasites and

nutrition on fertility of bucks and does over aipdrof time.
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The observation that the elderly farmers did not lbucks can be ascribed to the fact that age
of a farmer is inversely related to the probabildgly a positive response. It should be
appreciated that older people are less vigorousaamaomfortable with what they have yet
the younger farmers are still active and are pegpdo keep increasing their flock sizes.
However, the value of owning bucks should be exgldito all farmers so that they do not

entirely rely on bucks from other flocks for bremglitheir does.

The observation that sales occurred mainly durgrg@monial periods (June and December)
indicates that communal farmers in the Eastern Gapeince place much value on the goat
as a customary animal. The main ceremony perfortheithg the indicated period is the rite
of passage for boys. Even higher exits were wigttgs December because, besides being a
traditional ceremony period, it is also a festieason and the demand for goat meat during
this period is high. These findings concur withefsations by Masika and Mafu (2004), who
established that goats are mainly kept for cereasoand for slaughter during the festive
season and are therefore sold in June and Decei@beeral studies in the Eastern Cape
Province (Mahanjana and Cronje, 2000; Timmermad84Rand Kwazulu-Natal (Akingbade

et al., 2001; Kunene and Fossey, 2006) have confirmeddgbats are rarely slaughtered

outside a ceremonial context.

Apart from the high sales in June and Decembemdeas sold goats in January to raise funds
for school fees for their children. Otherwise otlsates of goats were restricted to those
occasions when there was an urgent need for dashiniportant to note that apart from the

socio-economic importance of goats, communal geapkrs tend to be both producers and

consumers of goats and their products indicatiegntlultiple livelihood functions (Dorward
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et al., 2001) of this valuable species. Knowledge of reasshy resource-poor farmers keep

goats enhances policy formulations that may be ts@ttrease the productivity of goats.

The observation that sales were mainly restrictechstrated males is in line with findings by
Webb and Mamabolo (2004) who reported that moreesnate sold off or slaughtered from
goat flocks for home consumption. Findings by Whlsand Durkin (1988), however,
indicated that females were usually slaughtereet &itiding five to six times, or when they
produced offspring with defects. As indicated bg farmers, castration of goats was mainly
to ensure that castrated goats reached a salegbfaster. It, therefore, is crucial to cull non-
performing female goats and to sell castratesr afgching mature weight, so that all goats
in the flock are productive either as growing arlsra fertile bucks and does. It, however, is
fundamental to increase the flock to a managealze that will not compromise on

management to enhance the survival of kids born.

The communal system of goat management is chaistateof low survivability and high
mortalities of kids (Sebei, 2004). The high kid madities, which included even fairly grown
up kids, observed in May and June could be dubdacbld weather experienced during the
cold-dry season months. These findings concur wiikervations by Erasmus (2000) and

Sebeiet al. (2004) who reported high kid mortalities in th@dcseason.

The high kid mortalities in August and September laecause this is when most kids were
born. Most of the resource-poor farmers do not igi@appropriate housing facilities for their
goats, as many of the houses do not have roofshenfioors are not slatted. It, therefore, is
crucial to protect kids from vagaries of weathespexially cold and rain by provision of

appropriate housing. A raised slatted floor wikhshically lead to a reduction in worm burden
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by allowing contaminated faeces to fall under to®r, while well positioned and properly
ventilated houses can reduce incidences of pnewamn(@rakeret al., 2002). Housing in
Mankone and Qawukeni villages was mainly made ofriy bushes whilst better housing,
made from corrugated iron sheets and roofed wasredéd in Nkosana village. Farmers in
Nkosana were trying to cushion their animals fratdsince the area sometimes experiences

snow and the temperatures are generally lowerttratrof Mankone and Qawukeni.

Farmers also indicated that kids died due to ldcknidk from undernourished dams, and
small body weight for the kids leading to reducdthrices of survival. The higher kid
mortality observed in the small flocks comparedatge flocks could indicate the possibility
of inbreeding (Peacock, 1996), especially whenptfegluction system dictates that breeding
goats do not mix freely during a particular peraidhe year. The implication is that if there
is a single buck in a particular small flock, it@nd up mating its relatives thereby reducing
the survivability of kids (Peacock, 1996). In adut owners of large flocks paid much
attention to the health of their goats as they ess#d some of their goats in order to purchase

drugs for use on the remaining animals.

It is fundamental to establish the causes of hightatity in different communal areas so that
interventions can be recommended to increase surefikids in the specific areas. Seasonal
variations are a key factor in goat production whtfreir extensive management is directly
linked to environmental conditions. Seasonal changathough predictable in their
occurrence, are less predictable in intensity atipaar factors, for example, amount of
rainfall and their impact (Lesnoff, 1999) on protivuty of goats. Supplementation of
pregnant does in the last trimester, so that kade la better weight, will also go a long way

in increasing the chances of survival for kids.
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The low values obtained for off-take were not sisipg since this measure indicates the
number of goats that exited the flocks throughssaled/or slaughters as a proportion of the
whole flocks, which is inclusive of kids. The obsstion that large flocks had a higher GPE
can be attributed to the fact that large flocks &idot more goats to dispose than small flocks.
Large flocks might have been trying to reduce thenber of goats to manageable sizes.
Generally, GPE was low indicating that farmers raoe always prepared to sell or consume
their goats. The low GPE values obtained in thisdwtdo not signify that goats are
unimportant to the resource-poor farmers but thay tare multifunctional. Goats, in South
Africa, are usually retained for their socio-ecomoimportance rather than their terminal
benefit of cash and meat. Goats are sold mainlywthe need for cash arises, for instance in
case of emergency (insurance function) or to cevgrected expenses (buffering function)
(Dossaet al., 2007). The production potential takes into accaodts that were sold and/or
slaughtered but disregards other contributions agtsupply of milk, manure, skins and
status symbol. It, therefore, is imperative to dewvother computations where these neglected

contributions are factored in.

The finding that GPP was higher for Nkosana and @awi villages compared to Mankone
village yet GPE was not different among the thrilages indicates that a higher proportion
of mature and growing goats in a flock does notagkvimply that farmers will sell or

consume more of their goats. These findings inditlaat farmers from Mankone were more
willing to sell their goats compared to farmersnirthe other two villages. Since most of the
farmers from Nkosana and Qawukeni were employelbuéders, their dependence on cash
from sales of goats was less than that of farnrera Mankone. This was further underlined
by the higher consumption of goat meat by farmemnfNkosana. It implies that, in general,

as sources of income become fewer, resource-pwesttick producers attempt to offset
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diseconomies of scale by relying more on their afsn{Haryet al., 2003). It is important
that farmers diversify enterprises so that they raoe disadvantaged when disaster strikes

their only enterprise.

The decision to sell is dependent on the reasong falmers keep goats. Our findings
indicate that farmers in Nkosana and Qawukeni migite been raising their goats as an
insurance against emergencies and would, thustheitlgoats when the need arose or when
the demand was high. It, however, is imperativamprove the productivity of goats as

increases in flock size might allow them to sellrenand lead to the betterment of their lives.

4.5 Conclusions

Although large flocks had a higher GPE value, gelheoff-take and GPE was low in the
three communities due to high mortality and muitdtionality of goats. However, GPP was
higher for Nkosana and Qawukeni villages compaoeldankone village. The sales occurred
mainly during ceremonial periods. Improvement osldandry practices, including provision
of appropriate housing, is likely to increase gpaiduction efficiency. This indicates that
production efficiency is an ideal measure of asegssfficiency of production in resource-
poor livestock production systems as it allows eatibn of factors affecting production.
Confinement of bucks during the cropping seasotrices conception of most does to the
period when the flocks mingle, i.e. after harv@stis results in most of the does kidding in
the hot-dry season. This indicates that if mearasvailing the bucks throughout the year are
devised, kidding might take place throughout tharyend hence improve flock productivity.
In this study, the quantities of goats exiting oteging goat flocks were determined. Kid

mortalities were high especially in May and Juné the cause of high kid mortality is not
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known. Therefore, further research is needed tatiiyethe causes of mortality in goat

flocks.
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5 CHAPTER 5: Prevalence and loads of gastrointestingbarasites of

goats in the communal areas of the Eastern Cape Rnmce of South Africa

Abstract

A longitudinal survey was conducted to determinee tprevalence and loads of
gastrointestinal infections in goats raised by camah farmers in the sweet and sour
rangelands of the Eastern Cape Province of SouticagAbetween June 2007 and April 2008.
A total of 171 goats were body conditioned, weighed had faecal samples collected from
their recta in a cold-dry season, the hot-dry,wet-and the post-rainy seasons. The samples
were examined by the modified McMaster technique fematode egg types and
sedimentation for trematode egg types. Body camditicores followed the same pattern as
body weights and were lowest (P < 0.05) in the -cliidseason for both rangeland types. The
most frequently detected gastrointestinal eggs wesestrongyle egg type (68.4 £ 8.49 in the
sweet and 96.1 + 12.01 in the sour rangeland) bi@gnost prevalent followed by coccidia
(53.3 £ 8.76 in the sweet rangeland and 68.8 + §1G0e sour rangeland). The trematodes
observed werd-asciola and Paramphistomum species. High loads of strongyle eggs were
observed in the hot-wet season and the post-ra@agons, whilst the other egg types showed
a peak in the hot-wet season. The prevalence fat wfothe gastrointestinal parasite eggs
was higher (P < 0.05) in the sour rangeland contptoréhe sweet rangeland. The mean egg
counts for all the nematodes were negatively (P0O§)correlated to age and body condition
score of the goats. The results indicate that gides and coccidia are the major contributors
to goat helminthiosis in the study areas. The stuay indicated that helminths negatively

affect the productivity of goats.

Keywords: coccidia, nematodes, season, strongyles
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5.1 Introduction

Gastrointestinal parasite infestations constit@eoss health challenges and limitations to
the productivity of goats, especially in the commurareas of developing countries,
compared to any other type of parasites (Kusilukd Hambarage, 1996; Githiogt al.,
2006). This is mainly because developing countaiesassociated with warm temperatures,
poor management practices and inadequate healttotoreasures (Akhtaat al., 2000). The
impact of helminths is manifested through morbiditortality (Mahusooret al., 2004) and,
cost of treatment and control measures (Nweisal., 2007) against the helminths. In fact,
most of the economic losses caused by gastroinggtarasites are mainly due to production
losses (Waller, 2004) instead of mortality, sincelniinths are related to sub-clinical
production losses which induce intense negativeactgpupon long-term goat productivity.
Helminthiosis rarely gets medical attention dudtsochronic and insidious nature (Sanyal,
1998; Dimandeet al., 2000) and clinical signs may develop just priottie death of the goat

(Valentineet al., 2007).

Communal goats have the ability to tolerate helhsinand this can be assessed through
changes in body weights and body condition oveeti{@hiejinaet al., 2002). There is,

however, scanty information on the epidemiology gafstrointestinal parasites and their
effects on goats raised by resource-poor farmetisarEastern Cape Province. Extrapolation
of control strategies designed for one geo-climatigion and production system may not
necessarily be appropriate for other agro-ecoldgioaes and production systems due to

differences in climatic and management factors.
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The previous chapter was based on the numbersat$ gjoat were entering and exiting goat
flocks and mortality was the main cause of exitewdver, the causes of mortality are not
known but presumed to be due to gastrointestinedgite infestation. It is fundamental to
identify helminths affecting goats so as to beitlemtify appropriate tactical strategies for
helminth control in goats. The current chapter dbss identification and determination of

egg loads of nematode and fluke parasites in corafrareas of the Eastern Cape Province.

5.2 Materials and Methods

5.2.1 Study sites

Nkosana village of Matatiele and Qawukeni village Reddie were used for this study.
Mankone village was dropped from this study sinoly eawo farmers were willing to avail
their goats for this experiment. The descriptiornthe two study sites are given in Section

3.2.1.

5.2.2 Selection of households

Nkosana and Qawukeni villages were selected frm@ dommunities in Matatiele and 10
communities in Peddie, respectively. Selectionhefse communities was based on the fact
that most of the farmers from these communitie®nteg, in a participatory rural appraisal
meeting, helminthiosis as the major goat healtiblera. Selection of farmers was also on the
basis of ownership of at least four clinically liegldoes, one male kid and 1 female kid and
willingness to participate. Using these criteri&, dnd 13 households were selected from
Nkosana and Qawukeni villages, respectively. Goatse classified into two categories;

adult and young goats. Adult goats were definegloads above the age of one year.
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5.2.3 Experimental animals

Animals used in this study were communal goats fwiting households. Each household
provided four does, one female kid and one malenkild some providing less as they did not
have indigenous goats. At the beginning of theysttltere were 81 adult goats and 29 kids in
Qawukeni and, 84 experimental adult goats and 86 ki Nkosana. The selected goats were

aged by dentition and ear tagged for identification

The experimental animals were weighed and faecapkss collected per recta in June (cold-
dry season) and September (hot-dry season) in 20@,7January (hot-wet season) and April
(post-rainy season) in 2008. In addition, does veergdition scored on a scale of 1-5, with a
score of 1 indicating a thin and emaciated goatsivhicondition of 5 indicated an obese goat
(Friedricks, 1993). A body condition score was gised after visual appraisal and palpation

on the lumbar and sternum areas as indicated ite Fab.

5.2.4 Collection of faecal samples

Faecal egg counts were determined by the modifieMagter technique (see Appendix 8.3)
with saturated solution of sodium chloride as tbating medium. Four grams of faeces were
mixed in 56 ml of saturated solution of sodium cide. The number of nematode eggs per
gram of faeces was obtained by multiplying the Itoiamber of eggs counted in the two
squares of the McMaster slide by the dilution facb50 (Whitlock, 1948). The McMaster
technique detects 50 or more eggs per gram of $a&aamples were screened for flukes by
means of the sedimentation method described bysBp{lL982). Details on the McMaster
technique used are given in Appendix 8.3. Nematmgtg types were determined using the
sedimentation technique and identified using keggetbped by Soulsby (1982), Uhlinger

(1991) and Foreyt (2001).
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Table 5.1: Body condition score descriptions as uden the assessment of the

experimental goats

Score Body condition

1 Very poor

Deep cavity under tail and around tail head
No fatty tissue felt at loin
Pins, hooks and short ribs can be felt
Edges feel sharp
2 Poor

Cavity around the tail head is evident
No fatty tissue is felt between skin and pelvis
End of short ribs are sharp
Bones can be felt
3 Good

Slight cavity lined with fatty tissue apparentait head
Area between pins not very well pronounced
End of short ribs can be felt with moderate pressur
Hooks and pins can be felt but are covered withesfiesh
Hook, pin and back bones appear sm
4 Fatty

Depression between pin and tail not pronounced
Pelvis felt with firm pressure
Short ribs can not be felt even with firm pressure
No depression is visible between the backbone ip bone:
5 Grosdly fat (obese)

Tail head buried in fatty tissue
Area between pins and tailbone is rounded
No part of the pelvis can be felt, even with firnegsure

Sources: Friedricks (1993) for the description @diypcondition scores
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The prevalence of each species of gastrointegiaralsite was calculated as:

P =

3|Q_

Where: P is the prevalence, d is the number of alsinmfested with the gastrointestinal
parasite at a given time; and n is the number a@hals in the population at risk at that

particular time.

525 Statistical analyses

Data were analysed using GLM procedures of SAS 3RG0 determine the effect of
rangeland type, season, age of goat and theirartiens on faecal egg counts (FEC), body
condition score and body weight. The FEC were litigauically transformed using lag
(FEC + 1), whilst body condition scores were squar transformed to normalize the data.
The effect of sex was tested on data for kids sitiee adult goats were all females.
Comparison of means was done using the PDIFF puwee(SAS, 2003). PROC CORR
(SAS, 2003) was used to determine the correlatimnsng body weight, BCS and faecal egg
counts of helminths. Prevalence of parasite spaeissanalysed by chi-square (SAS, 2003).
An odds ratio analysis was conducted on the precalef coccidia and strongyle egg output
using PROC LOGISTIC (SAS, 2003) from which relatiisk of coccidia and strongyle

infection based on faecal egg positivity was aggkascording to Schwaleeal. (1977).

5.3 Results

5.3.1 Factorsaffecting body weight and body condition scores

An interaction of season by age of goats signitigaaffected body weights of the goats as
illustrated in Figure 5.1. Body weights were high@ < 0.05) in the post-rainy season for

both age classes as depicted in Figure 5.1.
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The mean egg counts for the nematodes were nelyati¥e< 0.05) correlated with age class

of the goat and body condition score as indicateBaible 5.2.

5.3.2 Prevalence of gagtrointestinal parasites

The gastrointestinal egg types identified raisedhie two rangeland types were strongyle,
coccidia, Srongyloides, Trichostrongylus, Paramphistomum andFasciola egg types in their
order of abundance (Table 5.3). Goats in Nkosakanmare (P < 0.05) strongyles egg loads
than goats in Qawukeni village. There were highaunts of Srongyloides (P < 0.05) in
goats from Qawukeni than in goats from Nkosanaagél as shown in Table 5.3. There,
however, were no significant differences in premak of the other different egg types
between goats from the two villages. As indicatedTable 5.4, the odds of a goat being
infested by coccidia or strongyles were higher 8% confidence interval) for goats in
Nkosana (sour rangeland) than for goats in Qawufganéet rangeland) and for kids than for
adult goats. Table 5.4 also shows that goats weaehiégher risk of infestation by coccidia
and strongyles in the hot-wet and post-rainy seasioan in the cold-dry season. However,
the goats were at a higher risk of infestation bgcadia in the hot-dry season than in the hot-

wet season.

There was a significant interaction of rangelangetand season on body weights and body
condition scores of the study animals as showniguré 5.2. Body weights of goats in
Qawukeni had higher (P < 0.05) weights than thasBlkosana in the post-rainy, cold-dry
and hot-dry seasons. However, goats in Qawukenihigtter body weights and better body
condition scores compared to those in Nkosana duhie hot-wet season. Body condition
scores and body weights followed the same trendward lowest (P < 0.05) in the cold-dry

season for both villages (Figure 5.2).
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Table 5.2: Correlations among age class of goat, dy condition score and mean egg

counts of the gastrointestinal parasites

Age BCS Trichostrongylus Strongyloides Strongyles Coccidia

Age - -0.098” -0.151" -0.420°  -0.201"
BCS' - -0.08¢ 0.08¢ -0.48¢ -0.2017
Trichostrongylus 0.11¢ 0.217" 0.231"
Strongyloides 0.127 0.322
Strongyles 0.325"

” Indicates significance at P < 0.05.Indicates significance at P < 0.01.

!Body condition score
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Table 5.3: Prevalence of gastrointestinal parasitesf goats raised in Nkosana and

Qawukeni communal areas

Nkosana Qawukeni
Parasite species
Coccidia 68.8 £12.39 53.3+8.76
Trichostrongylus 15.3 +4.9¢ 10.9 £ 3.5
Srongyloides 13.4 £ 10.86 20.6 £7.70
Strongyles 97.0+12.61 68.4 + 8.50
Paramphistomum 6.08 £ 6.091 5.02 £5.30
Fasciola 3.08 + 3.06 2.18 £4.2.

aPy/alues in the same row with different superscrigts different (P < 0.05)
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Table 5.4: Relative risk (odds ratio) for coccidialand strongyle quantitative egg output

in relation to rangeland type, season and age of gts

Relative risk of infestatio by helminths

Variables Coccidia Strongyles

Rangeland type

Sourveld versus sweetveld 0.4 (0.25- 0.53)* 0.5(0.34-0.81
Seaso

Post-rainy versus cold-dry 0.1 (0.03-0.18) 0.0 (0.01 - 0.08)

Hot-dry versus cold-dry 1.1(0.72-1.77) 0.1 (0.07 - 0.22)

Hot-wet versus cold-dry 0.3 (0.91 - 0.55) 0.1 (0.04 -0.14)
Age

Adult versus kid 1.3 (0.81- 2.00 1.9 (1.26- 2.93

*The figures in parentheses indicate 95 % confiddagel of the odds ratio point estimate
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5.3.3 Factorsaffecting coccidia and gastrointestinal nematode egg counts

There was a significant interaction of village aage on egg counts of coccidia,
Srongyloides, strongyles and total nematodes as indicated ineTaldl. Higher values (P <

0.05) of coccidial egg counts and strongyle eggntowere recorded in kids raised in
Nkosana with lower (P < 0.05) values observed mltegbats raised in Qawukeni as shown
in Table 5.5. However, kids raised in Nkosana lwadel Strongyloides egg counts compared

to kids raised in Qawukeni. There was no significdifference between total nematode

counts between kids from the two villages as ingidan Table 5.5.

Season had an effect (P < 0.05) on countStraingyloides (Table 5.5), strongyle and total

nematode as shown in Figure 5.3. Higtsdngyloides egg types were recorded in the cold-
dry season (0.80 + 0.055) whilst strongyle andltoéamatode egg counts were lowest (P <
0.05) in the cold-dry season with the highest (@.85) values being attained in the hot-wet
seasonAge of goat also affected strongyle egg counts tatal nematode egg counts, as
illustrated in Figure 5.3. Total faecal egg coufuis nematodes were higher (P < 0.05) for

kids compared to adult goats, regardless of thgeland type.

There was a significant interaction of season by afjgoat on coccidial egg counts as
indicated in Figure 5.4. The coccidial egg countsavhighest (P < 0.05) in the post-rainy
season for both classes of goats, attaining thedo@ < 0.05) value in the cold-dry season
for adult goats and in the hot-dry season for yogogts as depicted in Figure 5.4. An
interaction between age of goat and season significaffectedrlrichostrongylus egg counts

as depicted in Figure 5.5.
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Table 5.5: Effect of village (rangeland type) and ge on logo (FEC + 1) transformed

nematode faecal egg counts

Community

Qawukeni Nkosana

Kids Adults Kids Adults
Coccidia 1.50+0.138 1.14+0.097 2.10+0.110  1.51+0.079
Trichostrongylus  0.36 +0.088F  0.18 £0.057  0.42+0.065  0.27 +0.048
Strongyloides 0.78 £ 0.10° 0.42 +0.07°¢ 0.55 + 0.08” 0.25 +0.05°
Strongyles 1.74+0.147 153+0.103 2.02+0.118  1.61+0.084
Total nematodes  2.20 £0.131 1.70+0.079  2.26+0.141  1.77 £0.1006

abyalues in the same row with different superscrigres different (P < 0.05)
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The highest (P < 0.05) number Tfichostrongylus eggs was recorded in the hot-wet season
for both young and adult goats. Infestation of gday this helminth species followed the
same trend in both age classes except that thesewiaop in counts for young goats in the
hot-dry season whilst adult goats maintained tlead. The lowest (P < 0.05) egg counts
were recorded in the post-rainy season for yoursgsgand in the hot-dry season for adult

goats.

5.3.4 Factors affecting gastrointestinal trematode egg counts

Rangeland type and season significantly affectepgoegints ofFasciola. EQg counts of this
helminth were highest in the hot-dry season (1@L24) and lowest in the cold-dry season
(0.4 £ 0.71) in the sour rangeland. The same tressl also observed in the sweet rangeland
with values of logarithm transformed faecal eggrdsuanging from 0.1 = 0.73 in the cold
dry season to 0.4 = 1.23 in the hot-wet season.eNuinthe tested fixed effects or their

interactions had an effect on the loadPaf amphistomum.

5.4 Discussion

Information on the species of gastrointestinal piéga affecting goats and factors that
influence their epidemiology in communal areas @utBern Africa is largely scarce.

Determination of parasite species, prevalence aadsl| of gastrointestinal infections in goats
raised by communal farmers is crucial in desigriogtrol strategies to reduce infestation
with nematodes and trematodes. A reduction in gaxéstinal parasites is likely to lead to

higher goat productivity.
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The finding that goats in Qawukeni had higher bagyghts and better body condition scores

in the post-rainy season, the cold-dry season hadhot-dry season than those raised in
Nkosana could be attributed to the better planautfition during these seasons and lower
nematode egg counts, compared to what was avaitabilee goats in the sour rangelands

during the same period. That body condition scaresbody weights were higher in the sour

than in the sweet rangeland during the hot-wet@easuld be attributed to abundance of

lush pastures consisting of young shoots and leguooenpared to the quantity of grass

available in the sweet rangeland during the hot-aesison period. Increased plane of
nutrition increases the immunity of goats agairestgpintestinal parasites and reduces the
fecundity of worms (Bissedt al., 1996). The poor body conditions and weightshim ¢old-

dry season, regardless of the low helminth infegtior both rangeland types indicate that

vegetation is of poor quality in the cold-dry seagRaats, 1999) and, therefore, goats require
supplementation. Hostet al. (2005) confirmed that a high plane of nutriticencresult in

improved resilience in goats.

The observation that goats raised in the sweetetand were in better body condition and
had higher body weights in the hot-wet season iindime other seasons could be attributed to
the browse that was available in the sweet randethming those periods compared to the
poor quality of grass found in the sour rangelamdndg) that period. The negative correlations
that existed between the different gastrointestamg type loads and body weight and body
condition score indicate the negative effects o tastrointestinal parasites on the

productivity of goats. These findings are in hargnaith Chauharet al. (2003).

The finding that higher body weights were attainedhe post-rainy season for both the

young and adult goats might be ascribed to ther@mg counts of strongyles coupled with
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better nutrition due to lush pastures that predadaring that period compared to the high
levels of strongyles in the hot-wet season. Thabably indicate that better nutrition offsets
the negative effects induced by gastrointestinahgites (Githigiaet al., 2001) during the
post-rainy season. The lower body weights obsenvele hot-wet season, regardless of the
lush pastures could indicate that the higher faegglcounts negatively affected utilization of
feed by the goats resulting in reduced body weighte lower body weights attained in the
cold-dry season and the hot-dry season compartz tpost-rainy season might be attributed
to poor feed quality and quantity, regardless & tbw faecal egg counts during these
seasons. Parasitism causes inappetence (Coop arakadys, 2001), alters feed utilization
and metabolism (Mahusoaat al., 2004) and induces loss of protein from the blobdhe
animal into the gastrointestinal tract. Such advefects could have been taking place in the
study animals thereby resulting in the observedictadn in body weight and a loss in body
condition. The finding that body condition scoresthe hot-wet season were higher than

scores in the cold-dry season agrees with obsensby Maingiet al. (2006).

The prevalences of strongyles obtained in the ourstudy are higher than what was
observed by Nwoset al. (2007) in a Nigerian goat flock where the premate of strongyles

was 35.4%. In other studies (Chiejina, 1986; Nwetsal., 1996a, b; Mbutet al., 2008),

strongyle prevalence ranged from 77 to 100%. Thiatran in the strongyle prevalences can
possibly be due to differences in climate and \atit type. In addition, production systems
and age classes of goats used in the experimentssi\et al., 2007) can have an effect on
strongyle prevalences. The variation of nematodglence in the current study may be
attributed to different rangelands with their asatd climatic patterns. The nematode

species observed in this study coincide with sgeciserved by Nwosgi al. (2007).
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The finding that both prevalence and loads of atiacivere higher in young goats compared
to adult goats agrees with reports by several ast{teraig, 1986; Smith and Sherman, 1994,
Jalilaet al., 1998; Abo Shehada, 2003; Regaatsal., 2006; Mbuhet al., 2008). Coccidiosis
is mainly a disease of young goats that are stitleévelop immunity against coccidia (Matjila
and Penzhorn, 2003). Apart from increased susakiptibo coccidia, the poor immunity
status of the young goats increases their load evhatodes such as strongyles and
Srongyloides. The rise in coccidial egg counts in the hot-dggson in young goats may be
attributed to the fact that most kids were bornhia hot-dry season; August (4.92 + 0.362)
and September (4.75 + 0.313) (Chapter 4) than @ dther months and their lack of

immunity resulted in them being susceptible to adiac

The observation that higher faecal egg counts &strgintestinal nematodes and coccidia
occurred on the sour rangeland compared to thetswaegeland could be ascribed to higher
rainfall in the former rangeland type which is favable for the proliferation of
gastrointestinal parasites. Since vegetation irstireet rangeland is more nutritious than that
in the sour rangeland for the greater part of tharygoats in the sweet rangeland may have
been able to better control establishment of nemagites and rendered the existing parasites
less fecund (Coop and Kyriazakis, 2001). On theesmotiand, lower values reported for
nematodes in the sweet rangeland could be duecasatoA. karroo which was available in
Qawukeni. The indigenous tree legurde,karroo contains condensed tannins which are
reported to reduce nematode eggs and coccidiarsbooynts. Huet al. (2005) observed a
reduction in coccidial oocyst production after fisgdgoats withA. karroo. In another study,
Kahiya et al. (2003) showed thak. karroo had an inhibitory activity on the development of
O. circumcincta and H. contortus. This might indicate tha®. karroo, which contains

condensed tannins, produced an anti-coccidial effethe current study resulting in lower
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faecal egg counts in goats raised in the sweeetand. It might, therefore, be imperative to
supplement goats with legumes containing anti-ficasctors in areas where such plants

are not readily available.

The observation that most nematode egg counts gieest during the hot-wet season
indicates that rainfall, humidity and temperatutaypsignificant roles in the life cycles of
helminths. These findings agree with earlier rep{Regassat al., 2006; Mbuhet al., 2008)
who also recorded higher incidences of parasitifection during the rainy season.
Environmental conditions are usually favourable fie development, survival and
translocation of pre-parasitic stages of gastrstital nematodes and trematodes during the
rainy season. Therefore, there is a steady builof @glult worms in grazing goats resulting in
peak worm loads being recorded at about the pedkeofainy season (Mbuét al., 2008)
with the crowding in pens increasing the risk déstation of other healthy goats. Thereafter,
worm populations decline with the lowest numbensdpencountered in the cold-dry season

where conditions are not favourable (Nwesal., 2007).

The unexpected high prevalenceSfongyloides species in the cold-dry season could be due
to the poor management system of the animals. @on&ion of feed and water can take
place when goats are supplemented (Nweswal., 2007). According to these authors,
localised contamination of watering and feedingaarenay predispose the animals to
infestation byStrongyloides species. Such species actively penetrate theo$kire host prior

to an infestation. In the study areas, especialgddna, the goats were supplemented in the
cold-dry season when it was snowing whilst, in bollages, goats were supplied with water

in the cold-dry season and might, therefore, haenbnfested during that period.
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The lower values obtained for trematodes might tiebated to the preferred browsing
behaviour of goats (Sissay, 2007). The browsingtielir of goats dictates that goats obtain
most of their feed from browse yet trematodes aend in the grazing material. Few
trematodes were identified in this study since theyless pathogenic than the nematodes and
most of them require a wide range of hosts. In tamidi the conditions in the studied areas
were probably not conducive for the perpertuatibthe intermediate hosts of the trematodes
for the life cycles to be completed. However, hipgevalence ofasciola could be because
the amount of rainfall received was sufficient fine rapid perpertuation of the snails

(intermediate hosts) leading to high infestatiod probably re-infestation.

5.5 Conclusions

The major parasites infesting goats in the studgasrwere strongyles, coccidia,
Strongyloides, Trichostrongylus, Fasciola and Paramphistomum. The study has shown that
helminths reduced body weights and loss of bodyditimm. The chief constraint to
indigenous goat production in both the sweet angt sangelands was the interaction of
gastrointestinal parasite infestation and low tiotmal levels which calls for intervention
through appropriate strategies for the controlerhatodes, trematodes and coccidia in goats.
Gastrointestinal parasites and nutritional stafugoats are linked and are major determinants
of goat productivity. Monitoring of these paramsté& crucial for the improvement of goat
performance. Therefore, the relationship betweendkhemical constituents and faecal egg
counts of indigenous goats of the Eastern Cape iftrevof South Africa warrants

investigation.
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6 CHAPTER 6: Relationship of biochemical properties ad faecal egg

counts for indigenous goats of the Eastern Cape Prmce, South Africa

Abstract

The objective of the current study was to deterntieeeffect of season, sex and age on body
weight, body condition score, faecal egg counts Aadmatological and biochemical profiles
in Nguni goats raised on a sweet rangeland arazetidsix Nguni goats raised on-station
were weighed, body conditioned, assigned FAMACHArss, had faecal and blood samples
collected from them in the wet and dry seasonsc&asamples were analysed using the
modified McMaster technique for nematodes and #dinsentation method for trematodes.
Blood was analysed for PCV, glucose, cholesteaifl tprotein, albumin, urea, creatinine,
alkaline phosphatase (ALP), aspartate aminotraamsdéer(AST), creatinine kinase (CK),
calcium, inorganic phosphorus and magnesium. Seaf$ected total protein, globulin, AST
and CK levels with higher (P < 0.05) values recdrdethe wet than the dry season. Body
condition scores were positively correlated (P 859to albumin, body weight and PCV and
negatively correlated to TP, glucose, ALT and ASirongyle egg loads were positively
correlated to FAMACHA scores, PCV, body weights &ody condition scores. High levels
of TP in this study, especially in the wet seastith,not signify better nutrition but a chronic
health challenge, evidenced by elevated levelslabulin. Since the high globulin levels
were not accompanied by clinical cases, the referéevels used might be inappropriate for
these goats. Findings from this study indicate tthetse goats were infested witth
contortus. The FAMACHA score can be used to assess anaems@ddyH. contortus.

Keywords: Alkaline phosphatase, Creatinine, FAMACHA scorestal protein
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6.1 Introduction

Health and nutritional status of goat are majoedainants of goat productivity. Monitoring
of these parameters is fundamental in addressimgnalies that might adversely affect
performance of goats. The advantages of using @sany live-weight, body conditioning
(Ndlovu et al., 2007) and worm identification (Kusiluka and Keaardge, 1996) in the
determination of the health and nutritional statdidivestock have been reviewed. These
methods, however, fail to indicate the status ef gbat at that point in time (Schroder and
Staufenbiel, 2006). Further knowledge of the mdiabpathways behind the body-based
methods could be useful in predicting and avoidimgtabolic shortages before a serious or
even irreparable animal status is presented (idd., 2007). It, therefore, is important to
employ metabolic profiling, a method that yielde #ctual status of the animal (Caldedta

al., 2007).

Analysis of haematological properties of goats sseatial in diagnosing the various
nutritional, pathological and metabolic disordetsilgt biochemical parameters are useful in
determining the nutritional status (Daramaaal., 2005) of goats. Haematological and
biochemical changes are routinely used to deterthiaestatus of the body and to determine
stresses due to environmental, nutritional andathgogical factors. Haematological and
biochemical values of goats are influenced by ag®, breed, nutritional status and present
the status of individual and other physiologicattfes (Daramolaet al., 2005). The
information obtained from the blood parameters a@d$fie determination of the nature of the
disease, the extent of tissue and organ damagesshense of the defense mechanism of the
goat, and aid in diagnosing the type of possibleama. The haematological examination is
among the methods which may contribute to the deteof some changes in health status,

which may not be apparent during physical examamabiut which affect the fitness of the
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goat. Relationship of blood metabolites and nem&ateglg counts can assist the farmer on
how best to supplement the goats for the reductidmelminths and hence improvement of

goat productivity.

In Chapter 5, body-based methods and faecal eggicowere used to determine the health
status of goats. It, however, is important to campht these methods with metabolic

profiling which will also result in development odference values of the blood metabolites
for the communal goats. In this chapter, the intentvas to determine reference values in
indigenous goats that can then be used in the riigtation of health status of these

genotypes, instead of referring to values that wereerated from exotic breeds that might be
inappropriate for communal goats. The objectivéhefstudy was, therefore, to determine the
effect of season, sex and age on body weight, lbodglition score, faecal egg counts and,

haematological and biochemical profiles in indigesmdlguni goats.

6.2 Materials and Methods

6.2.1 Description of the study site

The study was conducted at Honeydale Farm, Uniyeo$iFort Hare. The farm is situated in
the False Thornveld of the Eastern Cape Provinbe. dverage annual rainfall is 480 mm
with most of it falling in the hot-wet season. Timean annual temperature on the farm is
18.7C. The vegetation is composed of several treespshand grass speciégacia karroo,
Themeda triandra, Panicum maximum, Digitaria eriantha, Eragrostis speciesand Cynodon
dactylon are the main browse species found in the areasthéypes in this area are loam,

sand and clay soils. The topography of the argangrally flat with a few steep slopes.
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6.2.2 Experimental goats and their management

Fifty-six female and forty male Nguni goats weradamly selected for the study. The goats
were clinically health throughout the study periddimals were subjected to routine sanitary
control programme i.e. vaccination against heagwahd dosing once every fortnight in the
rainy season and once a month in the dry seasan.amimals were allowed to graze and
browse on natural pastures from 0900h and were queat 1700hrs. No supplementary
feeding was provided. The goats were classified ytung € one year) and mature (>one

year) goats.

6.2.3 Body weights, body condition scores and FAMACHA scores

The goats were weighed using a digital scale amdlidfoned in January (wet season) and
August (dry season) in 2007. Body condition scevese determined as in Chapter 5; section
5.2.3. The FAMACHA scores were determined by opgrire lower eyelid of the goat and
comparing the colour of the conjunctivae with fid#ferent scores on a chart. The colours
associated with the different FAMACHA scores aresalibed in Table 6.1. Two
veterinarians were responsible for body conditigrand FAMACHA scoring throughout the

study period.

6.2.4 Faecal sample collection and laboratory analyses
Faecal samples were collected in the dry (Aug@/2and hot (January, 2008) season, and

examined in the laboratory as per the procedulieatid in Chapter 5; section 5.2.4.

6.2.5 Blood collection and laboratory analyses
Blood samples were collected in January and Audust in the wet and dry season,

respectively).
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Table 6.1: FAMACHA score descriptions as used in # assessment of the experimental

goats

Score FAMACHA

1 Optimal
Red colour
Non-anaemic

2 Acceptable
Red-pink colour
Non-anaemic

3 Borderline
Pink
Mildly anaemic

4 Dangerous
Pink-white
Anaemic

5 Fatal

Porcelain white
Severely anaemic

Sources Kaplast al. (2004)
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For each goat, blood samples were taken via thelgugrein into a plain test tube (for
biochemical assays) and one containing ethylermaideatetra acetic acid (EDTA) to obtain
uncoagulated blood for PCV determination. Withirothwours after collection, blood from
EDTA-containing tubes was mixed gently for 2 mirsubefore drawing it up a 75 x 1.5 mm
capillary tube for three-quarters of its length.eGand of the capillary tube was sealed before
the capillary tubes were then placed in the miaerhatocrit centrifuge before centrifuging
at 2000 g for 10 minutes at room temperature. Tied were then put in the haematocrit
reader to note the reading. The reading was exguless a percentage of packed red cells in

the total volume of whole blood.

Plain test tubes containing blood for biochemicsdays were centrifuged at 1000 g for 10
minutes to obtain serum, which was stored atGaintil analysis. Serum was analysed at the
University of Pretoria in South Africa, using conmeially available kits (Siemens, South
Africa) and a Chexcks machine (Next/Vetex Alfa Waman Analyser, Woerden,
Netherlands). Serum samples were analysed speotmphtrically for total protein (TP)
(Wechselbaum, 1946), albumin (Doumas, 1972), areeti (Tietz, 1995), alkaline
phosphatase (Tieta al., 1993) inorganic phosphorus (Young, 1990), catciCali et al.,
1972) and magnesium (Tietz, 1976) by use of coleniitn methods. Globulin concentrations
were computed as a difference between TP and athumhilst albumin/globulin (A/G) ratio

was obtained by dividing the albumin value by thabglin concentration.

For the determination of total protein contentréiueagent AE5-23 was allowed to complex
with the peptide bonds of protein from the samplidar alkaline condition to form a violet-
coloured compound. Sodium potassium tartrate wasl ws an alkaline stabilizer, and

potassium iodide was used to prevent autoredudtidhe copper sulfate. The amount of the
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violet complex formed was proportional to the irage in absorbance when measured
bichromatically at 544 nm/692 nm. For albumin, e@agAES-2 was allowed to complex with
the sample and the increase in absorbance whichmessured bichromatically at 629
nm/692 nm, was proportional to the amount of albumpiesent in the sample. For the
determination of creatinine concentration, read¢hE2-15 was complexed with the sample
and the change in absorbance measured at 505 nmpregsrtional to the creatinine

concentration in the sample (Tietz, 1976).

The rate of increase in absorbance, monitored twchtically at 408 nm/486 nm, was

directly proportional to the alkaline phosphatas@vidy when the sample was allowed to
react with reagent RX1002. For the determinationnofganic phosphate, reagent AE5-18
was allowed to react with the sample and at congpieif the reaction, the absorbance of the
sample reagent mixture was read bichromatical34&t nm/378 nm. The difference between
these two absorbance values was proportional tatheunt of phosphorus present in the
sample. For the determination of calcium, Arsenass used, whilst xylidyl blue in an

alkaline medium was used for the determination afjnesium. The colour intensities were
read off bichromatically and were proportional ke tamount of the mineral present in the

sample (Tietz, 1976).

Glucose was analysed using the method describe@dayman and Schmitz (1972) where
reagent NAE2-27 was used after enzymatic oxidaitothe presence of glucose oxidase.
Blood urea nitrogen (BUN) analysis (Tietz, 1995 swantified using enzymatic kinetic UV
method. Ultraviolet methods were used for detertiona of creatinine kinase (CK) (Horder
et al., 1991) and aspartate aminotransferase (AST) (Bergneeal., 1986). Reagent AE1-13

was allowed to react with the sample and the reactite was measured at 340 nm. Reagent
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AEI-36 was allowed to react with the sample andrtite of conversion of NADH to NAD
was determined by observing the change in absoeban840 nm as NADH forms NAD
This rate of conversion was a function of the ASTivéity in serum. The blood values were
categorized into below, within and above normalgewconsidering the reference values as

presented in Table 2.4 (Chapter 2).

6.2.6 Statistical analyses

Data were analyzed using the GLM procedures of $23) to determine the effect of
season, age and sex of goat on body weight, baatjittan score (BCS), FAMACHA scores,
faecal egg counts (FEC) and levels of blood parareetBody condition scores and
FAMACHA scores were square root transformed wHiEBC were transformed using leg
(FEC + 1) to normalise the data. The linear modeduwas:

Yik =M + W+ S+ Let+ g

Where Yjq = body weight, BCS, FAMACHA score, FEC, PCV anada biochemical
measurements on each goat;

K = overall mean;

W= effect of the'l' season (i = wet, dry);

S= effect of thdth sex of animal (j = male, female);

L= effect of age of the goat (k=young, mature) and

gju = the random error term

Comparison of means was done using the PDIFF puree(SAS, 2003). PROC CORR
(SAS, 2003) was used to determine the correlat@m®ng body weight, BCS, PCV,
FAMACHA score, FEC and levels of each blood mettabolThe effect of season on

prevalence of each parasite species was deterrbindae chi-square test (SAS, 2003). The
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chi-square test was also used to compare frequentigoats that had values normal, below

and above the reference value for each metabolite.

6.3 Results

6.3.1 Body weights, body condition and FAMACHA scores and packed cell volume

Body weights of the goats were significantly afeetby sex with males weighing more (P <
0.05) than females and age with young goats wejglaas (P < 0.05) than mature goats as
shown in Table 6.2. Season did not (P > 0.05) atecy weights. Body condition scores
were significantly affected by sex and, age (TabB) and the interaction between the two
factors as indicated in Table 6.3. Female goatsyanohg male goats had BCS that were
lower (P < 0.05) than for mature male goats. Sedsuh no effect (P > 0.05) on BCS.
FAMACHA scores were significantlinfluenced by season with significantly higher @9
0.071) scores in the wet season than during thesefagon (1.31 + 0.050). Age and sex did
not (P > 0.05) have an effect on FAMACHA scorescked cell volume was affected by
season, sex and age as indicated in Table 6.2 mndteraction between sex and age as

shown in Table 6.3.

6.3.2 Faecal egg counts

The total egg counts were significantly affectedslepason and age of the goats. There were
higher (P < 0.05) egg counts in the wet seasor®(2.0.071) than in the dry season (1.58 +
0.178). Significantly higher counts were observed/oung (3.13 + 0.178) than in mature

(2.44 £1.108) goats.
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Table 6.2: Effect of season, sex and age on packeall volume and body weight of the

experimental indigenous Nguni goats

Parameter Packed cell volume Body weight
Season
Dry 31.32+ 0.63¢ 36.032£1.14
Wet 24.34 £ 0.93 35.36 £1.44
Significance * NS
Sex
Female 24.81 £ 0.698 31.64 +£1.181
Male 30.84 £ 0.96 39.75+1.14
Significanct * *
Age
Young 25.17 £1.008 19.07 £ 1.758
Mature 30.48 £0.628 52.32 £1.031
Significanct * *

NS: not significant

*P <0.05
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Table 6.3: Interaction of sex and age on BCS and RCconcentrations

Parameter Sex
Females Males
Young Mature Young Mature
BCS' 1.53+0.038  1.60+0.014 1.50 + 0.060 1.81 +0.023
PCV* 2476 +1.189 24.88 +0.648 25.59 + 1.588 36.09 + 1.041

abyalues in the same row with different superscrgts different (P < 0.05)

! Body condition score

2packed cell volume
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Season had an effect (P < 0.05)Torchlostrongylus egg type with higher egg counts in the
wet season than in the dry season as shown ing~igidr Sex and age had no effect (P >
0.05) on counts offrichlostrongylus. Strongyle egg counts were affected (P < 0.05) by
season and age. Significantly higher strongyletggg counts were recorded in the wet than
in the dry season, as shown in Figure 6.1. Youngtggbad significantly higher (2.49 +

0.710) strongyle egg counts compared to maturd 2@.167) goats.

Paramphistomum egg type counts were significantly affected by aggh higher counts in
the young (1.55 + 0.173) than in mature (0.69 #1@)1lgoats. Sex and season did not affect
(P > 0.05)Paramphistomum egg type countdrasciola egg type counts were not (P > 0.05)
affected by the fixed factors tested. Coccidial eggnts were affected (P < 0.05) by season
and age. Higher (P < 0.05) egg counts were obsemnviie wet season than in the dry season,
as shown in Figure 6.1. Coccidial egg counts wegker (P < 0.05) in young (1.70 + 0.727)

than in mature goats (1.11 + 0.110).

6.3.3 Blood metabolites

6.3.3.1 Glucose and cholesterol

Most (P < 0.05) of the goats had blood glucoseléetelow the normal range in the wet
season, as shown in Table 6.4. Blood glucose levets significantly affected by season and
sex of the goat. Glucose concentrations were higher0.05) in the dry compared to the wet
season (Table 6.5). As shown in Table 6.6, gluét®sels were higher (P < 0.05) in females
than males. Cholesterol levels were not affecte¢ (05) by any of the tested effects as

indicated in Tables 6.5, 6.6 and 6.7.

157



Bdry DOwet

1 ~ 0 -
N -

1unoo 668 uesy

strongyles

Coccidia

Trichostrongylus

Gastrointestinal parasite

f levels of faecal egg coustfor different parasites with season

Variation o

Figure 6.1

158



Table 6.4: Proportions (%) of goats that had normal below and above reference range

values for the different blood metabolites

Parameter Wet Dry

Below Normal  Above SL Below Normal  Above  SL
Glucose 65.9 (27) 34.2(14) O *k 473 (26) 46.8)2 9.1(5) NS
TP 0 2.4 (1) 97.6 (40)  ** 0 12.7(7)  87.3(48) **
Albumin 85.4(35) 14.63(6) O * 36.4 (20) 63.63 0 *
Globulin 0 0 100 (41)  ** 0 3.6 (2) 86.4 (53) **
Creatinine  87.8(36) 12.2(5) 0 * 685(37) 319) O *
Urea 0 73.2(30) 26.8(11) * 9.1(5) 52.7(29) 2B@1) *
A/G ratio 100 0 0 ** 100(55) O 0 **
ALT 0 78.0(32) 22.0(9)  ** 0 90.9 (50) 9.1 (5) i
ALP 82.9(34) 146(6) 2.4(1) * 58.2 (32) 3821) 3.64(2) **
AST 97.6 (40) 2.4 (1) 0 *k 98.2(54) 1.8291) O *k
CK 0 0 100 (41)  ** 1.8 (1) 98.2(54) O i
GGT 0 92.7(38) 7.3(3) i 7.3 (4) 90.9 (50) 1B( **
Calcium 195(8) 805(33) O o 9.1(5)  90.9 (50)0 *k
Magnesium O 100 (41) 0 * 1.8(1) 98.2(54) O *

Values in parentheses indicate the number of godlst particular category

* indicates significance at P < 0.05
SL.: significance level

TP: Total protein

ALT: Alanine transaminase

AST: Aspartate aminotransferase

GGT: Gamma-glutamyl transferase
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Table 6.5: Lsmeans (+ standard errors) of blood chmistry measurements of Nguni

goats in the dry and wet seasons

Parameter
Glucose (mmol/L)
Cholesterol (mmol/L
Total protein (g/L
Albumin (g/L)
Globulin (g/L)
Albumin/Globulin ratio
Creatinine gmol/L)
Urea (mmol/L
Calcium (mmol/L)
Magnesium (mmol/L)
Phosphorus (mmol/L)
ALT (U/L)

ALP (U/L)
AST (U/L)
CK (U/L)

GGT (UL)

Season
Dry Wet
2.99 +0.076 2.65+0.109
2.01 +0.08 1.99+0.12
75.28 +1.04° 87.87 + 1.47°
27.48 £ 0.378 24.06 + 0.535
48.21 + 1.046 63.86 + 1.479
0.64 £0.119 0.34 £0.169
77.31 £ 1.95° 69.27 +2.75"
7.22 +0.69 6.17 £ 0.97
2.45 +0.032 2.37 +0.046
1.03 +0.022 0.96 + 0.031
2.02 £ 0.040 2.08 +0.058
15.07 + 1.63 16.91 + 2.29
83.49 +8.87 84.88 + 12.54
69.60 + 3.13% 85.26 + 4.438

148.47 + 18.126

35.44 +1.42%

256.69 + 25.630

45.86 + 2.010

aPy/alues in the same row with different superscrips different (P < 0.05)

ALT: Alanine transaminase

AST: Aspartate aminotransferase

ALP: Alkaline phosphatase

GGT: Gamma-glutamyl transferase

160

CK: Creatinine kinase



Table 6.6: Lsmeans (+ standard errors) of blood chmistry measurements of the

different sexes of goats

Sex

Parameter Male Female
Glucose (mmol/L) 2.39 +0.070 3.25+0.118
Cholesterol (mmol/L 2.07 £0.09 1.92+0.13
Total protein (g/L 81.08 +1.08 82.07 £1.60
Albumin (g/L) 25.43 +0.388 26.11 + 0.580
Globulin (g/L) 56.16 + 1.070 55.90 + 1.006
Albumin/Globulin ratio 0.51+0.123 0.47 £0.185
Urea (mmol/L 6.89 £0.70 6.49 £ 0.16
Creatinine gmol/L) 68.33 + 2.00° 78.25 + 3.01°
Calcium (mmol/L) 2.34 +0.030 2.48 +0.050
Magnesium (mmol/L) 1.00 £ 0.023 0.99 £ 0.030
Phosphorus (mmol/L) 2.04 £ 0.040 2.06 £ 0.060
ALT (U/L) 16.43 +1.68 15.54 + 2.50
ALP (U/L) 74.31 + 8.00° 114.06 + 6.85°
AST (U/L) 80.86 + 3.191 74.00 + 2.109
CK (U/L) 206.01 + 18.100 199.09 + 18.17%
GGT (U/L) 41.20 £ 1.460 40.01 £ 1.402

aPy/alues in the same row with different superscrips different (P < 0.05)

ALT: Alanine transaminase ALP: Alkaline phosphatase
AST: Aspartate aminotransferase CK: Creatinine kinase

GGT: Gamma-glutamyl transferase
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Table 6.7: Lsmeans and standard errors of blood cmaistry measurements of young and

mature experimental goats

Age

Characteristic Young Mature
Glucose (mmol/L) 2.80+0.122 2.84 £0.070
Cholesterol (mmol/L) 1.95+0.140 2.04 £0.081
Total protein (g/L 80.34 + 1.66 82.82 +0.99
Albumin (g/L) 25.43 £ 0.60 26.11 +0.36
Globulin (g/L) 55.30 + 0.990 55.76 + 1.000
Albumin/Globulin ratio 0.45 +0.190 0.53+0.110
Urea (mmol/L) 6.88 + 1.090 6.51 + 0.660
Creatinine gmol/L) 67.9 +3.10° 78.7 +1.87°
Calcium (mmol/L 2.40 £ 0.05 2.4 +£0.03
Magnesium (mmol/L) 1.00 £ 0.035 0.99 +£0.020
Phosphorus (mmol/L) 2.13 £ 0.060 1.96 £ 0.030
ALT (U/L) 15.43 + 2.590 16.54 + 1.550
ALP (U/L) 109.25 + 14.0C° 79.32 +3.00°
AST (U/L) 78.55 +4.90 76.32 +3.02
CK (U/L) 208.20 + 28.801 196.75 + 17.513
GGT (U/L) 42.17 +2.260 39.14 + 1.360

aPy/alues in the same row with different superscripts different (P < 0.05)

ALT: Alanine transaminase ALP: Alkaline phosphatase

AST: Aspartate aminotransferase CK: Creatinine kinase

GGT: Gamma-glutamyl transferase
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6.3.3.2 Nutritionally-related protein metabolites

About ninety-eight percent of the goats had TP eslabove the reference range in both
seasons, as shown in Table 6.4. Season affectéev&Pwith higher (P < 0.05) values in the
wet than in the dry season as indicated in Talle $x and age had no (P < 0.05) effect on
the level of TP. As shown in Table 6.4, the mayo(about 85%, P < 0.05) of the goats had
albumin levels below the normal range during the season and values within the normal
range during the dry season. Season had an effiettieoalbumin levels with significantly
higher levels in the dry season compared to theseason as indicated in Table 6.5. Sex and
age did not (P > 0.05) affect albumin levels. Aletgoats had globulin levels above the
reference range in the wet season, with the prigpodropping slightly in the dry season, as
indicated in Table 6.4. All the animals had A/Giaatbelow the normal range as shown in

Table 6.4. Season, sex and their interactions aidfh> 0.05) affect A/G ratio.

Most (P < 0.05) of the goats had creatinine lebelsw the normal range in both seasons as
shown in Table 6.4. Blood creatinine concentratimese significantly affected by the main
effects of season (Table 6.5), sex (Table 6.6) @yl (Table 6.7). Creatinine levels were
higher (P < 0.05) in the dry than in the wet seagomales than in females and in the mature

than in young goats. None of the fixed effectsagstffected (P > 0.05) urea levels.

6.3.3.3 Serum calcium, magnesium and phosphorus

The majority (about 81%) (P < 0.05) of the goatseneithin the reference range for calcium
in the wet and dry seasons. Blood calcium conceotrs were significantly affected by sex
whilst season and age had no (P > 0.05) effectatmiuen levels of the goats. Calcium levels
were higher (P < 0.05) in male goats compared mwafe goats, as indicated in Table 6.6.

Blood magnesium levels of the goats were signifigaaffected by season (Table 6.6).
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Season, sex and age had no (P > 0.05) effect onesagn concentrations. Serum levels of
magnesium were within the reference range for n@st 0.05) of the goats. Phosphorus
concentrations were affected by age with highex (P05) levels in the young compared to

the adult goats. Season and sex had no effecO(P5} on blood phosphorus concentrations.

6.3.3.4 Liver enzymes

Alanine aminotransferasealues for most (P < 0.05) of the goats were withia reference
range as indicated in Table 6.3. None of the figHdcts tested affected ALT concentrations.
The majority (P < 0.05) of the goats had ALP valbetow the reference range in both
seasons (Table 6.3). Season had no effect (P ¥ 6DBLP whilst main effects of sex and
age affected (P < 0.05) the ALP concentrationsalie phosphatase levels were higher (P <
0.05) in females than in males (Tables 6.6) angbimg than in mature goats as indicated in

Table 6.7.

Aspartate aminotransferase values were below thealadange in both seasons. Higher (P <
0.05) AST concentrations were recorded in the wasgn than in the dry season (Table 6.5)
and in male than in female goats (Table 6.6). FostnfP < 0.05) of the goats, CK levels
were below the normal range in both seasons. @reatkinase was significantly affected by
season with a higher (P < 0.05) concentration & wet compared to the dry season, as

indicated in Table 6.5. Age and sex had no effee(05) on serum CK levels.

6.3.4 Correlations amongst blood and physical examination parameters
Correlation coefficients among age, PCV, BCS, FAMMCscores and blood metabolites
and enzymes are shown in Tables 6.8 and 6.9. Badghis were positively correlated to

BCS, PCV (Table 6.8), urea and cholesterol lev@tgly weights were negatively correlated
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(P < 0.05) to strongyle egg counts and FEC as atelicin Table 6.8. There, however, were
no correlations (P > 0.05) between body weights senkral blood metabolites; ALP, TP,
albumin, globulin, CK, glucose and creatinine asvahin Table 6.9. Body condition scores
were positively correlated (P < 0.05) to albumindp weight and PCV (Table 6.8) and
negatively correlated to TP, glucose, ALT and ASalie 6.9). As shown in Table 6.8, body
condition scores were not (P > 0.05) correlated-AMACHA scores, FEC, ALP, CK,

cholesterol. Body condition scores were, howevegatively correlated (P < 0.05) to

albumin levels as indicated in Table 6.9.

Packed cell volumes were positively correlated (@G5) to body weights, BCS (Table 6.8),
albumin, glucose and creatinine (Table 6.9). Padaddvolumes were negatively correlated
(P < 0.05) to FAMACHA scores, strongyle egg couiEC as shown in Table 6.8 and
globulin (Table 6.9). No correlations existed betwd\LP, TP, CK, urea and cholesterol and,
PCV as shown in Table 6.9. In addition to the negatorrelation (P < 0.05) that existed
between FAMACHA scores and PCV, FAMACHA scores wpositively correlated (P <

0.05) to ALP and globulin levels (Table 6.9) andsgyle egg counts (Table 6.8).

Cholesterol levels were positively correlated (P.85) to body weights and FEC. There,
however, were no correlations (P > 0.05) betweeolesterol levels with the following
parameters; BCS, PCV, FAMACHA scores and stronggg counts as indicated in Table
6.8. Negative correlations (P < 0.05) existed betweholesterol and other blood metabolites;
TP, albumin, globulin, urea and creatinine. Glucess positively correlated (P < 0.05) to
creatinine and negatively correlated (P < 0.05¢Hholesterol. There also existed a negative

correlation (P < 0.05) between urea and creatinine.
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Table 6.8: Correlations among body weight, body cadition, packed cell volume,
FAMACHA score, faecal egg counts and blood metabadis

Parameter BW BCS PCV F-score Strongyle FEC
BW 0.58** 0.37** 0.0z -0.24* -0.34**
BCS 0.38** 0.42** -0.0¢ -0.21* -0.22
PCV 0.37** 0.42** -0.43** -0.28* -0.23*
F. score 0.0z -0.0¢ -0.43** 0.41* 0.1C
Strongyle -0.24* -0.21* -0.28**  -0.41* 0.92**
FEC -0.34**  -0.22 -0.2¢ 0.1C 0.92**

Glucost -0.07 -0.40**  0.29** 0.0¢ -0.14 -0.0¢
Cholesterc 0.31* -0.01 -0.04 0.0¢ -0.1¢ 0.26*
TP 0.0¢ -0.47**  -0.0¢ -0.04 -0.0z -1.1C
Albumin 0.0¢ -081**  0.34* 0.14 -0.1¢ -0.1¢
Globulin 0.0¢ -0.72*  -0.21* 0.21* 0.1C 0.0<
Uree 0.22* -0.49*  0.11 0.01 0.11 0.1¢
Creatinine 0.1t -0.66**  0.43** 0.01 -0.1: -0.1¢
ALP -0.1¢ -0.17 0.1¢ 0.18* 0.21* 0.31*
CK -0.0¢ -0.14 -0.0¢ -0.0¢ 0.17 0.1¢€

F-score indicates FAMACHA score

* indicates significance at P < 0.05 ** indicatgnificance at P < 0.01
BW: Body weight ~ BCS: Body condition score PC\acRed cell volume
TP: Total protein FEC: Feacal egg count ALP: Alkaline phosphatase

CK: Creatinine kinase
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Table 6.9: Correlations among body weight, body cadition, packed cell volume,
FAMACHA score, faecal egg counts and blood metabdé levels

Parameter ALP TP Albumin  Globulin CK  Glucose Urea Creatinine  Cholesterol
Body -0.19 0.06 0.06 0.09 -0.05 -0.07 0.22* 0.15 0.31*
Weight
Body -0.17 - -0.18*  -0.72** -0.14 -0.40** -0.49** -0.66** -0.01
Condition 0.47*
Score *
PCV 0.15 -0.09 0.34*  -0.21* -0.06 0.29* 0.11 0#3 -0.04
F-score 0.18* -0.04 0.14 0.21* -0.05 0.08 0.01 0.11 0.08
Strongyles -0.11 -0.02 -0.16 -0.14 0.17 -0.14 0.11 -0.13 -0.19
FEC 0.31* -0.10 -0.16 0.03 0.16 -0.08 0.18 -0.15 .260
ALP -0.04 0.41* 0.01 0.13 0.14 0.04 0.16 -0.07
TP -0.04 0.46*  0.95**  0.18 0.26** 0.06 0.34** -B9**
Albumin 0.41* 0.46* 0.58* 0.13 045 0.39* 0.72* -0.23*
Globulin 0.01 0.95* 0.58** 0.20 0.06 0.26 0.49** -0.20*

* *
CK 0.13 0.18 0.13 0.20* 0.16 0.17 0.02 -0.10
Glucose 0.14  0.26* 0.45 0.06 0.16 0.17 0.44** -0.28**
Urea 0.04 0.06 0.39* 0.26 0.17 0.17 -0.25* -0.25*
Creatinine  0.16 0.34* 0.72** 0.49** 0.02 0.44* GBHr -0.25*

Cholestero -0.07 -0.39* -0.23* -0.20* -0.10 -0.28** -0.25* -D5*

F-score indicates FAMACHA score, * indicates sigrahce at P < 0.05, ** indicates significance at @.01. PCV:
Packed cell volume, TP: Total protein, FEC: Faegal count, ALP: Alkaline phosphatase

CK: Creatinine kinase
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6.4 Discussion

The body weights did not improve in the wet seasgardless of the availability of lush
pasture, indicating that goats were adversely tftedy the heavy infestation of
gastrointestinal parasites. The FAMACHA technigséneates level of infection big.
contortus by assessing the anaemic level of the mucous narabrof the goat. High
levels of strongyles in the wet season, obtainethis study, accompanied by higher
FAMACHA scores and low PCV values indicated thét contortus was a health
challenge for the flock during the wet season. Timicates that eithefl. contortus that
infested this flock had a high fecundity or it ebitéd antihelminthic resistance to the
drug used to control against it, regarding thatftbek was dosed after every fortnight.
These findings agree with Kaplanhal. (2004) and Dawo and Tibbo (2005) who reported
positive correlations between FAMACHA eye scored amrm burden oH. contortus
and a negative correlation between eye scores @ R high H. contortus level of
infestation entails a reduction in the volume af dood cells due to the blood-sucking

nature of this helminth (Kaplaat al., 2004).

The higher urea levels could, however, be attriditeincreased production of ammonia
in the rumen due to a high feed intake (Caldeiral., 2007). If urea levels are high in
blood it implies that under restricted feeding aitons, inferences about dietary intake of

protein based solely on blood urea might be ingmpite (Melladoet al., 2004).

The finding that eggs for gastrointestinal parasiteere significantly higher in the wet

season than in the dry season is in agreementolvgbrvations by several authors (Abo
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Shehada, 2003; Regassaal., 2006; Mbuhet al., 2008). Wet environmental conditions
are favourable for the development, survival amamgtocation of pre-parasitic stages of
gastrointestinal nematodes and trematodes duriegvidt season. Therefore, there is a
steady build up of adult worms in grazing goatwultesy in peak worm loads being
recorded in the wet season (Mbethal., 2008) with the crowding in pens increasing the
risk of infestation of other healthy goats. Theteafworm populations decline with the
lowest numbers being encountered in the dry sefldasuet al., 2007). The higher
levels of egg counts in the younger goats is asdrio the poor immunity status of the
young (Matjila and Penzhorn, 2003) goats which eases their susceptibility to
gastrointestinal parasites. The negative correidbetween BCS and strongyle egg type
load indicates that strongyles have a debilitateftect on body reserves which is

manifested as a loss in condition.

The finding that blood glucose concentrations iatgavere lower in the wet season than
the dry season may be attributed to the increabedy temperatures and respiration rate
of the animals as a physiological response to thkstess that is characteristic of the

wet season in the study area.

The observed seasonal variation in TP could paelgxplained by fluctuations of grass
guality with season. However, it is important tdenthat globulin levels were above the
reference range in both seasons, thereby contptiti the high values of TP. The even
higher globulin levels in the wet season, proballg to helminth infestation, might have

contributed to the higher TP values in the wet geasompared to values in the dry
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season. This is further evidenced by a negativeelation between TP and BCS which
indicates that the goats that had high levels qfwikilch composed mainly of globulin,
were in poor condition. Additionally, a positiveroelation between TP and creatinine
indicated that the goats were stressed and hagfohe, high levels of both globulin and
creatinine. It, therefore, is important to use salvklood metabolites in the assessment of

the nutritional status of goats in order to ob&jprecise understanding of the situation.

The higher globulin values obtained in the wet seasompared to the dry season might
be attributed to inflammation due to gastrointedtiparasites whose load was higher in
the wet season. However, the high values, regardieseason, warrant investigation to
determine what chronic health challenge is affectinis goat flock. The finding that

globulin was negatively correlated to BCS indicatest goats in poor condition usually
experience feed scarcity. Initially, the globulioncentration remains steady but may
become elevated to counterbalance the lower coratEms of albumin to support

osmotic pressure (Payne and Payne, 1987). Howesethe protein scarcity persists,
globulin levels will drop, probably due to utilizah as protein body reserves and a

reduction in its synthesis.

Globulin levels were also positively correlated RAMACHA scores indicating that

infestation with strongyles leading to inflammatiokluces production of globulin and at
the same time induces anaemia in goats. The negativelation between globulin levels
and PCV indicates that it is in goats that aresstd; with low PCV values that elevated

levels of globulin will be produced. The low A/Gtiacan be ascribed to an increase in
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globulin concentration caused by chronic parasitsntompensation for the ALB loss
characteristic of protein malnutrition which mighe characteristic of helminthosis (van

Hutert and Sykes, 1996).

The elevated levels of creatinine in the dry seasad be attributed to recycling of urea
which is a response to limited dietary protein ketas indicated by the lower TP in the
dry season compared to the wet season. Higherirdreatvalues are indicative of

disorders of renal origin (Wislofét al., 2003). Blood creatinine concentrations are
related to reduced filtration in the kidneys andréased production due to muscle

catabolism.

The positive correlations between globulin and tngze levels can be ascribed to the
fact that the two are produced in similar condgiowhen the animals are stressed. The
positive correlation between PCV and creatinineellevin this study is in line with
observations by Daramokt al. (2005) who reported that PCV varied proportiolyate
with creatinine in West African Dwarf goats. Reddiceoncentrations of creatinine
indicate prolonged active tissue protein catabqlieigh creatinine values are therefore
indicative of high PCV values. The finding that majjoats had higher values of
creatinine compared to female goats is in line vitllings by Mbassa and Poulsen
(1991). It may be ascribed to the fact that theengadats could have been more mobile

than female goats.
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The observation that there was no difference idbloalcium and phosphorus levels in
goats between seasons might indicate gdéarroo plays a significant role during the
dry season and supplies the goats with calciumpéwodphorus that they would not have
obtained had they relied on natural grass oAlykarroo has calcium and phosphorus
contents of around 1.73% and 0.13%, respectivehyclwaugment the lower values of
grass in the dry season. It might also indicatet tthese minerals are regulated

homeostatically and are therefore maintained witiairmow limits (Honholdkt al., 1989).

The finding that body weights were positively ctated to body condition might be
ascribed to the fact that kids (that had lower beadghts) had higher helminths egg
loads and were therefore in poor condition as opgpde mature goats that had a less
burden of helminths resulting in a better conditidme positive correlation of body
weight and body condition agrees with Honheldil. (1989), who reported an increase
of 21% in body weight for every change of conditsmore of 1 (one) in the Small East
African goat. Nsoset al. (2004), however, reported a negative correldberveen body
weights and condition scores, while Cisgeal. (2002) observed that body condition

scores did not always parallel body weights in §atese goats.

The observed positive correlation between BCS amdly lweights, PCV, glucose and
albumin levels indicates that BCS is a useful tooéstimating the energy and protein
status of goats (Cabiddial., 1999). This improvement of body condition sceith an

increase in such blood metabolite level indicatest goats in good condition have a

better nutritional status compared to goats in poamdition. The observed negative
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correlations between BCS and urea might indicas fibr the goats that were in poor
condition, nutrient requirements were partly mebtiygh mobilization of body reserves
(Marini and Van Amburgh, 2003). The observed negatiorrelation between BCS level
and globulin concentration could probably mean tpadts in good condition had less
faecal egg counts and, therefore, would have littlglobulin being produced in response

to the inflammation caused by helminths.

The positive correlations between BCS with serumaerals; calcium, magnesium and
phosphorus indicate that goats in good conditioil téave higher values of these
minerals compared to goats in poor condition. Thdifig that phosphorus was higher in
younger goats compared to mature goats is in liith wbservations by Mbassa and
Poulsen (1991) who reported a decrease in phosptheval of goats with an increase in
age. The lower serum phosphorus concentration inmaoats could be ascribed to a
lessened capacity to assimilate phosphorus fromadiehe animal grows (Blood and
Radostits, 1989). In addition, serum phosphorus m@yhigher in younger animals
because the growth hormone increases renal phespsairption (Kanekat al., 1997).

The finding that most goats had mineral valuesiwithe reference ranges might indicate

that this goat flock does not require supplemenriadif the minerals studied.

Liver enzymes have an extracellular function armulist occur in low quantities with
increases signifying damage in the tissues in whigly are lodged (Grunwaldt al.,
2005). The observed lower values of ALP in matuoatg correspond with the lower

values of phosphorus recorded for the mature asim@ihpared to the young goats. The
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finding that ALP decreased with age concurs witlsesbations by Antunoviet al.
(2004) who reported a decrease in ALP level withremnease in age of goats. In young
growing animals, osseus ALP is the predominant fofreserum ALP which diminishes
as maturation progresses until the epishysis cl@isasekoet al., 1997). The observed
negative correlations between BCS with ALT and ASdicate that goats in a better
condition will have lower levels of these liver gnees compared to goats in poor
condition. The concentration of serum enzymes ctflenzymes that are either in transit
from the site of synthesis to the site of actionwdrich have been released from the
damaged cells. The high values in the young animalsie to the fast growth rate of the
growing animals that results in leakage of the emyfrom the growing bones and

intestines into the blood (Kanekbal., 1997).

6.5 Conclusions

Season had no effect on the body weights of géa8#8ACHA scores and strongyles
were high in the wet season. The negative coroglathat existed between BCS and
strongyle egg type load indicates that strongylaseha debilitating effect on body
reserves which is manifested as a loss in conditthgh levels of globulin in this goat
flock indicate that the goats have a chronic heeltallenge. The globulin levels were
above the reference range in both seasons andpesitevely correlated to FAMACHA
scores, thereby contributing to the high value$mf Since the high globulin levels were,
however, not accompanied by clinical cases, thesdins may suggest that the
reference levels used are inappropriate for thes¢sgFindings from this study indicate

that the goat flock is probably infested wiihcontortus.
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Lower ALP values were observed in mature goatsesponding with the lower values
of phosphorus recorded for the mature animals coedp#@o the young goats. The
observed negative correlations between BCS with Ab@ AST indicate that goats in a
better condition will have lower levels of theseeli enzymes compared to goats in poor
condition. Therefore, blood parameters such aggidbulin and albumin, can be used in
monitoring nutritional status of Nguni goats whiiser enzymes such as ALT and ALP
are important in determining the negative effecduced by nematodes in communal
goats. However, it should be noted that high TRelEwo not always signify that the
animals are in good condition. If the greater prtipa of the TP is globulin, it indicates

that the goats are experiencing some inflammagorhably due to parasite infestation.
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7

CHAPTER 7: General discussion, conclusions and recommendations

7.1 General discussion

Goats are important to the resource-poor farmeeefi¢in and Ramirez, 2007; Saico
and Abul, 2007). Their productivity is, however,denmined by gastrointestinal parasite
infestation and low levels of management. For imm@atation of sustainable intervention
in goat production, it is crucial to evaluate theguction systems, farmer pecerptions on
the constraints hampering goat productivity, deteenthe causes of high kid mortality

and assess the nutritional and health status afladkes of goats. Improvement of goat
productivity offers opportunities for most resoupm@or people to earn better returns in
terms of cash and improved livelihoods. To desigemsible and sustainable

developmental programmes, it is crucial to undecstathe smallholder farm

characteristics and the communal farming systerdspamcesses, and to fully understand
the roles goats can play in poverty alleviation arehlth creation. In other words, it is

crucial to fully understand the actual contributmngoats to household economy rather
than identifying constraints to goat productiviitgr se. The broad objective of the study
was to evaluate production practices, constraprtsjuction efficiency and to determine
nutritional and health status of goats raised lspuece-poor communal farmers from the

Eastern Cape Province of South Africa. This obyectias addressed through four trials.

The functions and roles of goat products vary wégions, countries, agro-ecological

zones, production systems, cultural values andosemdnomic status of the households
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(Kosgey et al., 2008). In Chapter 3, the roles and managemestersss of goats in
communal sweet and sour rangelands were assessedl.fléck sizes did not differ
between the two communities of the Eastern Capeifr®. There were significant
positive correlations between goat flock sizes eatlle herd sizes. Farmers from both
districts kept goats mainly for ceremonies. Comstsato goat productivity that were
reported by farmers included few bucks, which cdeltl to inbreeding and low kidding
rate, high disease and gastrointestinal parasfesstation and high kid mortality. To
augment the information presented in Chapter 3ydas imperative to carry out a
monitoring study. Since the survey did not assistetrieving information on how goat
flock sizes varied with seasons, monitoring changebe flock sizes could establish the

major causes of losses and gains of goats to comirhonseholds.

To estimate the contribution of goats to houseliotdl security and income generation,
goat flock demographics in each community were rddteed (Chapter 4). Kid
mortalities were high in May, probably due to cahd in September when most of the
kids were born. The main causes of deaths weravagipn of milk, cold, gall sickness
and gastrointestinal parasites. Generally, GPEegaere low, regardless of high GPP in
some villages. The low GPE values indicated thahéas are not always prepared to sell
and/or consume goats. Low GPE values, however, ao signify that goats are
unimportant but that they are multifunctional. Gpedaduction efficiencies were higher in
larger flocks compared to smaller flocks becausehef greater number of goats to
dispose by owners of the larger flocks. Owners avfjé¢ flocks bought more bucks

compared to owners of small flocks. The distribmitad the bucks affected the number of
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kids that were born in any flock. Flocks that owredleast one buck had a higher
proportion of kids in their goat flocks comparedhose that did not own any buck. The
kidding season (August to September) is in respaasthe improved availability of

bucks after crops were removed from the fields godts were grazing freely with a
higher exposure of does to bucks. Availability afcks after harvesting indicated that
most does conceived in April to May. These findirgmfirmed observations from

Chapter 3 were questionnaires retrieved that fasnwevned a few bucks that were

unevenly distributed.

One of the major concerns that emerged from théirfgs of Chapter 4 was high kid
mortality. It, therefore, was imperative to detemmihe quality and causes of mortality in
goats raised by the communal farmers. In Chaptempréyalences and loads of
gastrointestinal parasites in communal goats acsessons were estimated. Body
condition scores, weights and faecal samples waltected from 171 goats in the cold-
dry, hot-dry, hot-wet and the post-rainy seasom& most frequently detected helminth
eggs were the strongyle egg type. The other idedtiiematodes wei®rongyloides and
Trichostrongylus egg tpes. Trematodes observed weasciola and Paramphistomum,
although their loads were generally low. Generadlgg counts were higher in the sour
than the sweet rangeland area. High loads of sytereggs were observed in the hot-wet
season and the post-rainy season, whilst the etietypes showed a peak in the hot-wet
season. The mean egg counts for all the nematoeesmegatively correlated to age and
BCS. The following correlations were found betweage class of goat and

Trichostrongylus (r= -0.098; P < 0.01)Srongyloides (r=-0.151; P < 0.01)Srongyles
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(r=-0.420; P < 0.01) and Coccidia (r= -0.201; P .81). These results indicate that
strongyles and coccidia may be the major contritsuto goat helminthosis in the study
areas. The loss in condition of goats with high&CFhas indicated that helminths
negatively affected the productivity of goats. Thigher helminth infestation in young
goats obtained in Chapter 5 confirmed complains tthe@ farmers raised in Chapter 3,
that gastrointestinal parasites were amongst th@rniealth problems affecting their
goats. Higher strongyle egg counts that were obthim Chapter 5 were further
confirmed by high values of the FAMACHA scores thwgre obtained in Chapter 6
indicating thatH. contortus might be a problem in goats raised in the Eas@ape

Province.

The relationship among body weight, BCS, faecal eggnts and haematological and
biochemical profiles in Nguni goats, which are coomty kept in the communal areas,
was presented in Chapter 6. Faecal egg countssigarigicantly higher in the wet than in
the dry season and in young than in mature goasuns TP values were above the
normal range in both seasons. The TP composed ynaifirdlobulin indicating that the

goats have a chronic health challenge that becéawated in the wet season.

Serum calcium and magnesium for the goats wereirwitie reference range in both
seasons. These findings indicate that there iseed for mineral supplementation in this
goat flock. For liver enzymes, the serum conceiainat of most of the goats, in both
seasons, were below the reference range. HowelgrehAST and CK concentrations

were recorded in the wet than in the dry seasabaily arising from the stress induced
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by gastrointestinal parasites. The finding that imok the goats had liver enzyme
concentrations below the normal reference rangethgy had high levels of globulin

might indicate that the reference range for livezyanes might be inapplicable to this
goal flock. It implies, therefore, that there isedeto establish more appropriate and

relevant reference values for the indigenous goatse Eastern Cape Province.

A negative correlation existed between BCS andhgle egg type load indicating that
strongyles have a debilitating effect on body reserwhich is manifested as a loss in
condition. However, if communal farmers supply thgoats with quality supplementary
feeds, they could be more capable of resistinggarinfestations. Lower ALP values
were observed in mature goats, corresponding with lbwer values of phosphorus
recorded for the mature animals compared to thenyayoats. The observed negative
correlations between BCS with ALT and AST indicétat goats in a better condition
will have lower levels of these liver enzymes comeplato goats in poor condition.
Therefore, blood parameters such as TP, globulinadtrumin, can be used in monitoring
nutritional status of Nguni goats whilst liver enays such as ALT and ALP are
important in determining the negative effects ireliby nematodes in communal goats.
However, if the greater proportion of the TP ishgltn, it indicates that the goats are
experiencing some inflammation, probably due tapide infestation; hence farmers can

urgently intervene by treating their animals.
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7.2 Conclusions

Communal farmers kept goats for several reasorisambie ranked differently in the two
studied districts. Farmers in the Eastern Capeiitey however, kept goats mainly for
ceremonies and sales. A few farmers owned bucks.observed low GPE values might
not be indicative of inefficiency of the goat pration systems in the areas under study.
The farmers should be encouraged to sell and/oswna most of their goats so that at
any one point the flock consists of growing goatbreeding animals. That goats were
highly infested with helminths during the rainy sea indicates that goats have to be
dosed against the specific helminths identifiedefach area. The findings from this study
indicate that some blood metabolites can be usethenassessment of health and
nutritional status of goats. Some metabolites, saghotal protein, need to be used in
conjuction with other metabolites or methods siacgngle level might be interpreted in
several ways. That the goat flock used in thisystuald globulin far below the normal
suggested reference range but did not show angallisigns might indicate the need to

establish reference values for different breediiffierent communal areas.

7.3 Recommendations

It can be recommended that women be trained incéspé goat production since they
own most of the goats in the studied two districtsaining of farmers requires

cooperation of the agricultural departments, nowegomental organizations, research
institutions, universities and other stakeholdditse training of extension officers who
will, in turn, train communal goat farmers will golong way in realizing and exploiting

the potential of goat production. The training @rmers should target household
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members who are directly involved in goat produttibarmers should be provided with
manuals that are written in vernacular to faciitdteir comprehension of the information
being taught. Youths should also be convinced tiwt farming can be used as a
pathway out of poverty. It is also fundamental tocaurage farmers to construct
appropriate goat houses, with proper roofs, to audrbidity and mortalities due to

pneumonia, footrot and parasitic infections tha¢ associated with poor housing.
Improvement in goat housing can greatly reducenfired losses that might be used

towards treatment against diseases that occurodo@ar housing.

Farmers are recommended to exchange bucks sorasluoe inbreeding. This can be
accomplished by educating farmers on the negaffeets associated with inbreeding. It
also is recommended that bucks be available to tlweaghout the year by encouraging
farmers to buy bucks. The farmers who cannot afforouy bucks can borrow when they

identify does on heat.

It can also be recommended that goats requiresgtcatontrol against helminthes such
as strongyles. The young can be protected agairisstations by herding them in
separate areas from adult goats that might be fakeavy loads It can also be
recommended that blood parameters such as TP, lgiplalbumin can be used in
monitoring nutritional status of goats and livezgmes such as ALT and ALP in the

determination of the negative effects induced bya®des in communal goats.
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Areas that require further research include:

1. The development of the reference ranges that aefapto different communal
flocks as those developed using exotic breeds mghinapplicable to goats
raised in the communal areas. It is of importamcgenerate reference values for
communal goats so that they are used in the detation of the nutritional and
health status of that particular genotype.

2. Determinantion of differential blood counts to aomnt the studied blood
parameters.

3. The effect of supplementation on gastrointestinatapite loads and blood
metabolite levels. The study should focus on supplgation of goats artificially
infested with a particular helminthes and then carmg their productivity and/or
performance with a similarly infested group buthemt supplementation.

4. Breed effect on faecal egg counts and blood meatabah the communal areas
should be established. The study should focus ¢erménation of faecal eggs
counts across different goat breeds raised indh@munal area.

5. The effect of gastrointestinal infestation, throwgtallenging the goats, on blood
metabolite should be investigated. Goats of difiesexes, ages and breeds and/
or physiological statuses should be compared. Tdasgshould be challenged
with particular helminthes and the blood metabdéieels should be noted.

6. Investigation of other factors, apart from nutritichat have an effect on goat

fertility.
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7. Adaptation traits and their inheritance in commugaht breeds. This study
should focus on the identification of adaptaticaits characteristic to communal

goat breeds. There is need to determine the hiititadf such traits.
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8 8: Appendices

Appendix 8.1: Survey questionnaire on goat productin by smallholder farmers in

the Eastern Cape Province

Enumerator Number ..................... Ward Name ..o,

Village Name  .......coooiiiiiiiiinn, Household Name

A. GENERAL INFORMATION

1. Head of household
a) Sex H ] M[] b) Age <{8] 18-30_] 30-50[] >500]

c) Level of education Did not go to schodl | Grade 7[] “O” Level[ ] Beyond “O” Level
]

d) Any agricultural training  Yes] No[] e) Is the head resident on the farm? [Yes No[ ]

2. How many people reside in your homestead™ [_] Al
3. What are your sources of income?Tick first column as appropriate and rank levdlsaurce of
income in the second column — 1 for highest income)

Crops

Livestock and
products
Salary/wages

4. What crops do you growqTick first column as appropriate and rank levdlsrops grown in the
second column — 1 for mostly grown crop)
1. Maize

5. Numbers and livestock species kept
Cattld_] Sheep ] Goatd | Chickend ] Pigs[ ] Others (Specify) ............ccceeeeenn..

6. Rank the livestock species that you keep

Cattle
Sheep

Goats
Chickens
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Pigs
Others
7. What is the structure of your goat flock? Give nmbers
Male kids(less than one yeal)| Female kids(less than one yeér] Adult Males [ ] Adult Female[ ]

B. GOAT PRODUCTION SYSTEM |

2. Why do you keep goatsTThe first column is for the purpose and the seamidmn is for the rank)
Meat
Milk
Manure
Skin
Sales
Investment
Dowry
Ceremonies
3. Who owns the goatsfCan tick more than one)

Head [] Spousd_| Head/spouse togetlhe} Child/Childrefh ]

4. What role(s) does each family member play in gbg@roduction? (Tick as appropriate, more than
one column in a row may be ticked)

Adults Boys Girls Hired labourr
Males Females

a. Purchasing goats

b. Selling/slaughtering goats

c. Herding

d. Breeding decisions

e. Feeding

f. Animal health

5. How are the goats fed/grazed?

Herded [[] Paddock | Tethered[ ] Stall[ ] Yard[] Free grazing_| Others
(SPECIfY) e

6. What form of housing do you have for your goats?
Kraaling [] Stall/shed ] Yard ] Nond_]

7. If animals are housed, what materials have bearsed? (Tick one or more)
Untreated wood/bush] Treated woodl | Iron sheet§ |

Bricks [] Mud [] Wire[] Others (SPeCify).........ccc.ovvene.
8. Form of housing(Tick if present)
a) Roof[] b) Solid wall [ ] c) Floor:  concrete | woodeh ] earth |

9. What supplementary feeds do you give your goatgTick one or more)
Roughage/crop residdie] Minerals (salts)/ vitamifis] ~ Bought in feed / concentrafes
Nond_]

10. How do your goats have access to drinking water?
Animals go to watdr ] water is provideld ] Both |

11. What are the sources of water for goats? (Tickne or more
Borehole] ] Dam/pond_] River[] Water well] Spring[] Others
(SPECITY) v,

12. What is the distance to farthest water point?
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At household []

<lkm ]

Freely available []

Once in three days |

Good/cleaf_]

13. What is your frequency of water supply to youlgoats?

1to 5 k] 6 to 10 knh_] > 10 knh_]
once a dayl Twice a day [ ] Every other day
Others (SPecCify)....ccccvveviiiinininnnn,

Salty |

14. What is the quality of water that your goats dink? (Tick one or more)

Muddy[_]

Smelly ]

C. HEALTH

1.

If your goats are sick whose advice do you seek?

Government veterinary ]
Extension servicg |

Nond_]

Private veterindry

2. What are the major causes of mortality of your goag?

Old age[ ]
3. Prevalent diseases that occur on farm

Poor dief ]

Local name or symptoms of the disease

(Rank, most common first)

Extreme conditiors |

Others (specify)

Predatork |

Veterinary drug suppliér$

Diseasep |

Are animal treated when sick?

Yes

No

3. Vaccinations
If none, tick this box_]

Local name or symptoms of the disease Are animal treated when sick?

(Rank, most common first)

Yes

No

2. What is your reason for the choice when purchasg bucks?(First column is for the reason of
choice, second column is for ranking the choice)

Size

Conformation

Colour

Horns

Temperament
Performance
Availability (No choice)

3. How do you mate your goats?
uncontrolled[] hand mating]

(SPECIfY) v,

group mating | artificial insemination | Others

4. Do you ever exchange your bucks with other farnme within your villages?
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If no, tick this box_]
If yes, after how long? >1 1to2yrk] 3to 4 yrs[] >4 yrg |

5. Do you ever exchange your bucks with other farnme from other villages?
If no, tick this box_]
If yes, after how long? >1 yf | 1to 2 yrE ] 3to4yrd | >4 yrd |

6. Is there any decrease in the size of your goaiger time?
Size is decreasind_| Size is increasinf | There is no differericé

If there is an increase or decrease, what factrgod think attribute to that?

7. What are your sources of buck(s) used in the heéTick one or more)
Common name

Own buck(bred)

Own buck (bought)

Buck donated

Communal area buck

Artificial insemination

8. Do you castrate your male goats¥Yes[ ] Nd |
9. If yes, state reason for castration To controetieg_| To improve meat quality | For better
temperament |  Others (SPeCify). .......ccccoevveeervennn.

| E. FLOCK DYNAMICS

1. How many goats joined your flock (within the last 2 months) by the following categories?

Weaners andiksl
Adults Total
Kids Weaners (W) Males Females W+ A
Born
Bought
Donated / Gift
Exchange

2. How many goats exited your flock (within the last 2 months) by the following categories?

Weaners andilsl

Adults Total

Kids Weaners (W) Males Females W+ A

Died

Sold

Slaughtered

Donated/Gift

Exchange

Stolen

3. Did you sell any animals in the last 12 months¥Yes[ ] No |
4.1f yes, where were the animal sold? At an auftib To a butchér] Privately ] Toan
abattoif_]
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Others (Specify) ......ccoeveiiiinnns
5. What are your reasons for culling?(the first column is for the reason, the secorfdrighe rank)
1. Size Males Females

2.Conformation
3. Colour

4. Temperament
5. Health

6. Body condition
7. Performance
8. Old age
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Appendix 8.2: Recording sheet for goat flock dynanais

Village......coovviiii
Name of household.........................

Month......ocooviie

Numbers
and Classes

Comments

Entries

Births (Ezizelweyc

Purchases (Ezithengiwe!

Gifts-in (Izipho)

Exchange-in (Ukutshintshise

Entrustec—in (Ukungoma/Ukusisi

Exits

Sold (Ezithengisiweyt

Slaughtered (Ezixheliwey

Died (Ezifileyo

Predated upon/stolelost
(Ezibelixhoba/Ezibiweyo/Ezilahlekileyo

Gifts out (Ekuphiswe

Exchange out (Ekutshintshiswe nge

Entrusted out (Ukungonywa/ukusisel

Flock Composition

Female kids(amathokazi andamatak)

Male kids(inkunzi ezingamataka)

Adult female (sithokazi elidal)

Adult male: (inkunzi elidala
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Appendix 8.3: Techniques for parasite assays andedtification in faecal samples

8.3.1 Introduction

To diagnose gastro-intestinal parasites of rumsyatite parasites or their eggs/larvae
must be recovered from the digestive tract of thienal or from faecal material. These
are subsequently identified and quantified. Thiaptar presents diagnostic techniques
within the reach of most laboratories to identifhdaguantify parasite infections from the

examination of faecal material. The following ane main tasks involved in this process:

- Collection of faecal samples

- Separation of eggs/larvae from faecal matenml,their concentration
- Microscopical examination of prepared specimens

- Preparation of faecal cultures

- Isolation and identification of larvae from cultg

8.3.2 Collection of faecal samples

Faecal samples for parasitological examination lshbe collected from the rectum of
the animal. If rectal samples cannot be obtainexshf faecal samples may be collected
from the pasture. Several samples should be cetle@amples should be dispatched as

soon as possible to a laboratory in suitable coataisuch as:

- screw cap bottles
- plastic containers with lids
- disposable plastic sleeves/gloves used for doigthe samples

- plastic bags
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Each sample should be clearly labelled with animdehtification, date and place of
collection. Samples should be packed and dispatahedcool box to avoid the eggs
developing and hatching. If prolonged transportetito a laboratory is expected, the

following may help to prevent the eggs developing hatching.

(a) Filling the container to capacity or tightenthg sleeve/glove as close to the faeces as

possible. This is to exclude air from the container

(b) Adding 3%formal in to the faeces (5-20 ml, depending onvbleme of faeces). This

is to preserve parasite eggs. (N.B Formalin-fixedceés cannot be used for faecal
cultures.) When samples are received in the labgréihey should immediately be stored
in the refrigerator (4°C) until they are processsadmples can be kept in the refrigerator

for up to 3weeks without significant changes in the egg coanis the morphology of

eggs.

8.3.3 Sedimentation technique (for trematode eggs)

8.3.3.1 Principle

The sedimentation technique is a qualitative metfad detecting trematode eggs
(Paramphistomum) in the faeces. Most trematode eggs are relativaelgel and heavy

compared to nematode eggs. This technique contesitteem in sediments.

8.3.3.2 Application
This is a procedure to assess the presence oftodenafections. It is generally run only

when such infections are suspected (from previassnportem findings on other animals
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in the herd/flock area), and is not run routindlize procedure can be used to detect liver

fluke (Fasciola) andParamphistomum eggs.

8.3.3.3 Equipment

- Beakers or plastic containers

- A tea strainer or cheesecloth

- Measuring cylinder

- Stirring device (fork, tongue blade)
- Test tubes

- Test tube rack

- Methylene blue

- Microslide, coverslips

- Balance or teaspoon

- Microscope

8.3.3.4 Procedure

(a) Weigh or measure approximately 3 g of faeces@ontainer 1.

(b) Pour 40-50 ml of tap water into Container 1.

(c) Mix (stir) thoroughly with a stirring devicedifk, tongue blade).

(d) Filter the faecal suspension through a teanstraor double-layer of cheesecloth into
Container 2.

(e) Pour the filtered material into a test tube.

(f) Allow to sediment for 5 minutes.

(g) Remove (pipette, decant) the supernatant \enefally.

(h) Resuspend the sediment in 5 ml of water.
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(i) Allow to sediment for 5 minutes.
() Discard (pipette, decant) the supernatant zargfully.
(k) Stain the sediment by adding one drop of methglblue.

() Transfer the sediment to a microslide. Covehvai coverslip.

8.3.2 McMaster counting technique (for nematodes)

8.3.2.1 Principle

The McMaster counting technique is a quantitateehhique to determine the number of
eggs present per gram of faeces (e.p.g.). A foatiuid is used to separate eggs from
faecal material in a counting chamber (McMastethwivo compartments. The technique

described below will detect 50 or more e.p.g. etcks.

8.3.2.2 Application
This technique can be used to provide a quantgaggtimate of egg output for
nematodes, cestodes and coccidia. Its use to fuémtels of infection is limited by the

factors governing egg excretion.

8.3.2.3 Equipment

- Beakers or plastic containers

- Balance

- A tea strainer or cheesecloth

- Measuring cylinder

- Stirring device (fork, tongue depressor)
- Pasteur pipettes and (rubber) teats

- Flotation fluid (see the Appendix to this handbéar formulation)
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- McMaster counting chamber*

- Microscope

8.3.2.4 Procedure

(a) Weigh 4 g of faeces and place into Container 1.

(b) Add 56 ml of flotation fluid.

(c) Mix (stir) the contents thoroughly with a simg device (fork, tongue blade).

(d) Filter the faecal suspension through a teangtrar a double-layer of cheesecloth into
Container 2.

(e) While stirring the filtrate in Container 2, tak sub-sample with a Pasteur pipette.

(f) Fill both sides of the McMaster counting chamib&th the sub-sample.

(g) Allow the counting chamber to stand for 5 mesufthis is important)

(h) Examine the sub-sample of the filtrate underi@oscope at 10 x 10 magnification.

(i) Count all eggs and coccidia oocytes within ¢ingraved area of both chambers.

() The number of eggs per gram of faeces can bmileded as follows: Add the egg
counts of the two chambers together.

Multiply the total by 50. This gives the e.p.g. fafeces. (Example: 12 eggs seen in
chamber 1 and 15 eggs seen in chamber 2 = (12 x 9% 1350 e.p.g.)

(k) In the event that the McMaster is negative €ags seen), the filtrate in Container 2

can be used for the simple flotation method (secdi@.2), steps f, g and h.
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Appendix 8.4: Communal goat production in SouthernAfrica: A review (Accepted
manuscript)
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