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ABSTRACT 

The oesophageal fistula valve technique (Raats & Clarke, 1992) was evaluated in ten:ns of its 

ability to reflect the daily forage selection pattern of free ranging goats over a period of four 

seasons and two stocking rates. During the evaluation, the oesophageal fistula valve 

technique was compared to the standard oesophageal fistula bag technique and observed 

feeding behaviour. Comparisons were in terms of: (i) proportion of grass or bush (% DM) in 

both the fistula bag and valve samples compared against the time spent grazing or browsing 

(% of active feeding period); (ii) the lc.b}Lh'gl~iitr< // • al composition (CP, NDF, ADF and 

ADL) of the bag samples versus th 

behaviour and plant species selection 

All comparisons for the ev 1 ffii{}~t~f"tYt~ 
stocking rate treatments (HSR & 

and; (iii) diurnal changes in feeding 

ging goats based on observation_s. 

cf t' c • Mlere carried at two different 

llenqfoats/ha) and over a period of four 

seasons (winter, spring, summer, autumn). The results, though not consistent throughout 

treatments and seasons, indicate significant differences in grass content, chemical composition 

and feeding behaviour (species selection and time spent browsing). The correlation between 

time spent grazing and the amount of grass in extrusa samples indicates that the fistula valve 

technique provides a more realistic estimate (R2=0.73) of the observed feeding behaviour of 

free-ranging goats than the fistula bag technique (R2=0.61). The bag and valve samples 

differed significantly (P < 0.05) in all components (CP, NDF, ADF, ADL) on 8 occasions 

during the four seasons and 2 stocking rates. A highly significant difference (P = 0.000) in 

diurnal changes in plant species selection was found during different seasons and treatments. 

Feeding behaviour (time spent browsing) was significantly different (P < 0.05) between 

morning and afternoon feeding . sessions during all four seasons and treatments. The diurnal 
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variation in diet selection and feeding behaviour of animals support the use of a multiple 

sampling technique, in order to obtain a more representative sample of the diet selected by 

free ranging goats. 

University of Fort Hare 
Together in Excellence 
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CHAPTERl 

INTRODUCTION 

Approximately 80 % (68.4 million ha) of land available for agricultural purposes in S-outh Africa 

can only be utilised effectively by free ranging herbivores. Although the natural vegetation 

provides the bulk of the nutrients for domestic livestock and all the nutrients for wild herbivores 

(Harris et al., 1967), its ability to sustain animal production varies substantially according to 

the nutritive value of the diet as sele J _<.;::.~~~ m ls is of primary importance in estimating 

the productivity of any rangeland for s of animal. 

. . 
The grazing ruminant ther a • • • • qi ion where it's productivity is 

Together in Exce1lence 
primarily dependent on the net nutrient intake beyond maintenance requirements (Laredo et al., 

1991). Nutrient intake is in turn a function of the quantity and quality of the dry matter ingested 

which is regulated by a series of short-term decisions made by the animal such as which plants are 

selected and how long to search between bites. Longer-term decisions concern the length of time 

to spend feeding and where to feed (Gordon, 1995). This collection of decision making processes 

is defined as the foraging strategy of the animal (Gordon & Illuis, 1992). 

If the most efficient use of the plant and . animal resources available in marginal areas .is to be 

made, it is essential to improve our understanding of the foraging strategies of livestock, which 
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use . these ecosystems. Knowledge of the grazing animal's food habits and forage preference is · 

fundamental to a) the effective design of grazing systems, b) evaluation of the effects of grazing 

use on plant communities and c) formulation of economical supplementation programmes on 

nutritional deficient ranges (Malecheck & Leinweber, 1971). 

Based on a review by Van Dyne et al. (1980), Gordon (1995) states that in the past, most studies 

of foraging strategy of domestic livestock and wild-grazing species have been descriptive 

catalogues of their diets at the taxonomic or plant part level and quantification of their daily 

understanding of foraging strategy an 

mechanisms involved in the cision-maki~yro~ es of n1vers1Ly or tort 

Only through an understanding of the 

foraging animal will it be possible to are 
develop more widely applicable pri at itl@ ricultural, conservation or landscape 

objectives (Rice et al., 1983; Armstrong, 1991; Blackburn & Kothmann, 1991; Baker et al., 

1992). However, notwithstanding this shift in emphasis in both the approach and objectives of 

free range animal research, the methodology and techniques required in both approaches remain 

basically the same. 

Apart from studies on the impact of livestock on vegetation, the majority of techniques available 

for studying the foraging behaviour of free ranging animals are directly or indirectly associated 

with the assessment of the nutritional value of the forage. In this assessment, the quantity and 

quality of dry matter intake forms an integral part and provides an estimate of the net amount of 
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nutrients available to the grazing animal. This information can be used, as in the past, to describe 

or quantify a grazing situation, or on the other hand, with the aid of an appropriate experimental 

design, be used to explain relevant mechanisms of foraging behaviour. Whichever approach is 

followed, the basic requirement centres around obtaining a representative forage sample as 

ingested by the animal. This sample, whether obtained in a direct or indirect way, is fundamental 

in determining (a) dry matter intake through the use of markers or weight changes, (b) quality or 

nutrient composition and ( c) digestibility ( use of markers or in vitro) of the free ranging animal's 

diet. In this respect, oesophageal fistula samples have been accepted as more indicative of the 

(Theurer et al., 1976; Van Dyne et al. 

imposed by the oesophageal fistula te 

e ontrary, however, due to the limitations 

grazing area sampled and the number of 

samples that can be collecteJlp_er day, th~ reliabillt.v oft • technique to reflect the total daily un1vers1Iy or ~nrt are 
feeding period has been questione (Jlflfeffl>fiI'& 1«); eJ.qxJ7JJ., olechek et al., 1982; Mcinnis et al., 

1983; Coates et al., 1987 and Jones & Lascano, 1992). In an attempt to overcome some of these 

problems, Raats & Clarke ( 1992) developed a remote controlled oesophageal fistula valve for the 

collection of multiple extrusa samples with the aim to closely reflect the total daily feeding period 

of small ruminants. 

'Any research technique has inherent assumptions and limitations, and once• these are 

acknowledged and understood, the technique can be applied to its optimum, the results 

interpreted appropriately and meaningful conclusions drawn. Where a technique is applied 

without an understanding of the potential sources of error and bias, the results may be misleading 
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and the conclusions incorrect' (Henley, 1993). The objective of this study is, therefore to evaluate 

the fistula valve technique in terms of its ability to reflect the daily forage selection pattern of free 

ranging goats over a period of four seasons. 

University of Fort Hare 
Together in Excellence 
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CHAPTER2 

LITERATURE REVIEW 

Animal nutrition has generally been recognized as being dependent upon four basic factors, 

namely, the animal's requirements and the nutrient content, digestibility and amount of the 

feedstuff the animal will consume (Allison, 1985). In free ranging animals, the first factor is 

probably best known, though effects of physical activity and environmental stresses are difficult to 

methodology to study the nutrition 

o forage dry matter ingested has long been 

(Crampton, 1957). Reviews on the 

animals include those by Bohman & 

Lesperance (1967), Harris et qi. ,1967)1-,~rtch~r Ca.IP- - . 11 f 1979), and Gordon (1995). . un1ver~1Ly or or1 a e 
Together in Excellence 

Gordon (1995) listed four main reasons for studying foraging behaviour of animals. Firstly, to 

estimate intake and energy budgets. Secondly, to understand the relationships between resource 

distribution, sward structure and herbage intake. Thirdly, to explain between-animal variation in 

intake and performance in relation to animal nutritional status, grazing regime and management 

practices and finally, to provide answers on questions about the distribution of impact of livestock 

on vegetation. This also includes the effect of topographic features, climatic conditions and land 

use on the relative use of resources by herbivores. By linking locational data with Geographic 

Information System (GIS) databases, fine scale aspects of habitat can be used to develop habitat 

suitability modelling (Morrison et al., 1992). A further reason for measuring the diet composition 
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of range animals (plant species preference, nutrient composition and harvesting rate of different 

plants) is to rank plant species according to their potential feeding value in different animal 

production systems. This plant value system provides a basis for the assessment of veld condition 

in relation to both primary and secondary production. In order to obtain answers to these 

questions or to understand the intrinsic animal/plant interaction, a wide range of both animal- and 

plant-based techniques were developed in the past. The present review is extensively based on the 

review by Gordon (1995) and will be limited to animal-based techniques only. 

2.1. Animal bas_ed techniques to 

2.1.1. Intake rate. 

Reviews on the methodol 

Dyne (1969), Cordova et al. (1 

1t, • • 1~ minants are available by Van 

(J~ %1{~ft~}.n ffenerally, intake is divided into short-

and long-term intake rates. Short-term intake rate is normally measured over a period of not 

more than one hour and is defined as a combination of bite size and rate of biting, with units given 

in mg s-1 or g min-1
. A number of techniques are available to estimate the short-term intake rate. 

Firstly, it can be estimated by the visual monitoring of the size and rate of bites from tamed, free 

ranging animals, followed by clipping or hand-plucking simulated bites from the vegetation 

(Bjugstad et al., 1970; cited by Gordon 1995). Secondly, changes in body mass during grazing, 

using very accurate balances or pressure • transducers attached under each hoof, are used to 

determine short-term intake rates (Penning & Hooper, 1985). The third option is to determine 

the number of boluses swallowed by measuring the changes in the geometry of the oesophagus 
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(Stuth et al., 1981) or the change in the conductance or pressure on an oesophageal cannula 

(Forwood et al., 1985) with the passing of food boluses down the oesophagus. Finally, 

short-term intake rate and bite size can be estimated from the amount of extrusa obtained from 

. oesophageal fistulates over a known time . period and the simultaneous recording of bite rates 

(Stobbs, 1973). The development of the remote controlled oesophageal fistula valve (Raats & 

Clarke, 1992) makes it possible to even measure harvesting rates per bite or unit time of specific 

plant species under free range conditions (Mogorosi et al., 1996). According to Gordon (1995), 

the oesophageal fistula method appears to rovide the most accurate estimate of intake rate per 

bite. An alternative approach to estim!l·t~~h • take rate is to present plant material to 

Techniques for measuring 

depletion of offered forage or th 'tl S oP 

based on either the rate of 

~rut d using internal or external markers. 

Gordon (1995) states that the majority of pasture-based methods are of limited value except on 

simple swards. Markers, on the other hand, provide a more direct measure, though the estimation 

of faecal output and digestibility on . which this method relies, has its' own set of problems and 

errors. More recently, however, the use of long-chain n-alkanes as both internal and external 

markers (Mayes et al., 1986) has been proven very effective in determining diet digestibility and 

intake in a number of animal species. The use of slow release capsules (Mayes et al., 1991) which 

deliver a constant dose over a period of up to 3 0 days (20 days sampling), further improved the 

accuracy of this method and avoid the need for frequent dosing of animals. Recently, Staaland 
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& Hove (1999) demonstrated the use ofNa341 replacement rate in Reindeer to measure long-term 

(seasonal) changes in intake rate. 

2.1.2. Foraging behaviour. 

The oldest and most frequently used method for measuring foraging behaviour is by direct 

observation, usually recording events with a manually operated data logger or video recorder. As 

with most observational techniques, this method is time consuming, it is difficult to collect data 

over 24 hr period without night vision equipment, and the presence of a human observer can alter 

the behaviour of even tame animals ( G r 

of mechanical and electronic devices 

variables automatically. These systems 

n order to avoid these problems, a number 

1 ped to measure one or more of these 

jaw movements (Penning, 198.3; Alken et 

al., 1989; Janeau et al., 19t.Jn¥1g~~ftfflf oW ~fetimating the rate and interval 

between bites and grazing time wru §B.6 s ·½&!'-6fm~n between grazing and ruminating. 

Most of these devices were developed for use on cultivated pastures and are generally found less 

effective under natural grazing conditions. In this regard, Raats (1990, unpublished data) found 

the equipment for measuring jaw movement (Penning, 1983) ineffective with goats browsing 

Acacia karroo due to the transducer being punctured by thorns. 

2.1.3. Diet composition. 

Reviews on the methodology to determine diet composition of grazing ruminants are available by 

Harris et al. (1967), Harris (1968), Van Dyne (1969), Theurer et al. (1976), Van Dyne et al. 

(1980), Holechek et al. (1981), Holechek (1982) and Mclnnis et al. (1983). A popular method to 
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obtain qualitative estimates (plant species preference) is to follow an animal and record the 

species that are grazed/browsed. Obtaining, simultaneously, clipped or hand-plucked samples 

which mimic each bite taken could supply additional quantitative data on the nutrient ~omposition 

of the diet (Bryant et al., 1981). Major disadvantages of this technique are the difficulty of 

identifying grass species in a mixed vegetation (Holechek et al., 1982) and the error involved in 

clipped or hand-plucked samples (Langlands, 1974). Alternatively, the remains of plant cuticles in 

the faeces or alimentary tract can be used to obtain qualitative information on diet composition 

(Crocker, 1959; Ward, 1970). Oesophageal fistulated animals has been used widely to determine 

the diets of domesticated livestock (V vr 

method available for this purpose ( 

management are implemented. 

and is accepted as the most accurate 

1983) provided proper protocols and 

University of Fort Hare 
Unique plant markers are increasih~ l,Qtng 7&~/Jfs18fi~ish between tropical grasses (C4 

plants) and legumes (C3 plants) in the diet of grazing animals (Jones & Lascano, 1992). In 

addition, diet composition can be determined from the odd-chain n-alkane (C25-C35) 

concentrations in the herbage and faeces of grazing animals (Mayes, 1989; Dove & Mayes, 1991). 

The usefulness of both these marker techniques is, however, limited to pastures with small number 

of species (Gordon, 1995). 

2.1.4. Location. 

The decision-making processes invoked by the foraging animal may differ in relation to the 

landform scale (Senft et al., 1987; Stuth, 1991) and spatial dispersion of resources (Gordon, 



 

 

1989). Traditionally, information on the location of animals was gathered by direct observation 

(Arnold, 1984). In order to overcome some of the problems associated with this method, highly 

advanced technology, such as rodiotelemetry (Warren & Mysterud, 1991) and Global Positioning 

Systems (GPS) (Roberts et al., 1993) to track animals and record their positions are being used to 

monitor the position of free range animals. 

From the above it is clear that the grazing ecologists, today, have a wide variety of techniques 

available to measure components 9fforaging strategy. Of these techniques, Gordon (1995) states 

technique will depend upon the goals 

measurements are made including such 

heterogeneity,. the availabilitYCT1i_W~t1y I 

and the circumstances under which the 

as the time scale of the study, grain of 

Together in Excellence 

In view of the objective of this study ( evaluation of the oesophageal fistula valve technique), it is 

appropriate to discuss the development and validity of this technique in more detail than the other 

techniques mentioned above. 

2.1.5. The oesophageal fistula valve technique 

The prototype fistula valve technique developed by Raats & Clark (1992), consists of an 

oesophageal fistula valve which allows the fistula to be opened and closed, a rechargeable battery 

pack and motor to operate the valve, a portable radio and receiver to activate the valve motor, 

and a harness to attach the equipment to the body of the animal. This sampling system is 
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generally referred to as the oesophageal fistula valve technique. In most respects, this technique 

is identical to the standard oesophageal fistula (bag) technique (Torell, 1954), with the added 

advantage that the number and size of extrusa samples can be varied and collected throughout the 

day. In the rest of this discussion, these two techniques will be referred to as the fistula valve and 

fistula bag techniques. 

I 
2.1.5.1. History and development of the oesophageal fistula technique 

Since the introduction of the oesophageal fistula to study the diet selection of farm· animals 

their originality and potenti f\ro1et§ f-y' ~f ejt9f l a_feociated with the oesa.phageal 

fistula technique: Together in Excellence 

(1) simplicity of the removable sleeve and plug (Torell & Bredon, 1961 cited by 

Van Dyne & Torell, 1964), and the split plug designs (McManus et al., 1962), 

(2) rotation of the "off center" sleeve (Van Dyne, 1962 cited by Van Dyne & Torell, 

1964) and use of the latex moulded plug (Hamilton et al., 1960; McManus 

et al., 1962) in order to reduce the build-up of scar tissue, 

(3) oval shaped plug for larger fistulae (Hofmeyer & Voss, 1964), temporary cannula 

that prevents fistula contraction during sampling (Olson & Malechek, 1987), 

and the use of rubberized belting as a seal in order to reduce leakage from the 

fistula (Karn, 1987). 
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The development of the fistula valve technique (Raats & Clarke, 1992) substantially improved the 

versatility of this technique. Raats ( 1993) listed four improvements to the standard fistula 

technique, namely: (a) The collection of different numbers and sizes of samples throughout the 

day is possible without disturbing the animals' normal feeding behaviour. (b) The collection of 

forage samples as selected by goats in extensive areas having heterogeneous plant populations is 

possible. ( c) Sampling from specific plants or plant communities is facilitated. ( d) The. need to 

starve animals overnight in order to reduce the possibility of extrusa samples being contaminated 

with rumen contents is obviated. 

sampling system, further improvement 

unpublished data) of which the new fist 

ent and testing of the first prototype 

t e fistula valve, radio and receiver (Raats, 

ed in the present study. 

University of Fort Hare 
2.1.5.2. Validity of the oesopha~ -Sta. W r,, nee 

A number of validation studies, based on indirect methods, have been reviewed by McManus 

(1980) to confirm that the oesophageal fistula technique provides extrusa samples that closely 

resembles the total diet of the animal. On the other hand, however, due to the limitations imposed 

by the oesophageal fistula technique on the grazing area sampled and the number of samples that 

can be collected per day, the reliability of this technique to reflect the total daily feeding period 

has been questioned. Theurer (1970a) listed several additional factors that may limit the 

preciseness with which fistula forage samples represent the ingested feed. These include extrusa 
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recovery rate, chemical changes during mastication and salivation, contamination with rumen 

contents, sample preparation for laboratory analysis and sampling period. 

2.1.5.2.1. Fistulated vs. non-fistulated animals and type of animal. 

As a result of the problems involved in estimating the true diet of non-fistulated, free ranging 

herbivores, few studies have critically examined the extent that fistulated animals represent the 

larger population of their normal counterparts (Raats, 1993). The same author concluded: "Based 

on the limited information available, it seems that successfully fistulated animals that are equipped 

with effective fistula plugs, and are o e '/ e normally and are well adapted to the 

experimental procedure are not physi 1 

other hand, fistulated animals that are n 

t from non-fistulated animals. 11 On the 

d • for or in cases of excessive salivary loss 

due to long collection perio m . ~e6 ,-w+'-'R,.1:U ~ot representing normal animals 

and should not be used. It is alsd!MlfJ&~, e i[6 ~{ltfilf 'ctifferences in feeding behaviour may 

occur as a result of differences in handling or management which emphasise the importance of a 

sufficient period of adaptation to both the vegetation and experimental animal group. 

In his review, Raats (1993) concluded that dry fistulated females and possibly castrates could be 

used to collect forage samples representing pregnant females of the same and related breeds. 

However, in the case of lactating animals, multiple suckled ewes, young growing animals and 

non-related breeds, fistulated animals of similar physiological status and genetics should be used. 
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2.1.5.2.2. Collection period and area sampled. 

Breden & Short (1971) concluded that the biggest drawback of the oesophageal fistula technique 

is the s~ort period of sampling, which might introduce considerable error in representing a full 

days grazing. Holechek et al. (1982a) stated that the inability to obtain a representative sample in 

a large pasture is the primary shortcoming associated with the oesophageal fistula technique. 

Mcinnis et al. (1983) concluded "there is at least one reason for regarding the oesophageal fistula 

method with some suspicion: plant fragments found in oesophageal extrusa represent the diet of 

the animal for only that length of time during which the sample is being collected". Based on 

that one or more extrusa samples may 

Jones & Lascano (1992) argued that "di 

ates et al. (1987) stated: "the possibility 

1al daily intake is well recognized", while 

,mg the collection period ( of only 20 to 3 0 

min) may not reflect the 24"fflii.t~m1:y.11crt Fdrf • i~ imposed by the oesophageal 

fistula technique on the grazing arT6!~0I'elI ~Hcllf[G l of samples that can be collected per 

day, are of particular importance where browsing animals are being studied .in a large 

heterogeneous plant community (Raats, 1993). This . was also the main reason for the 

development of the remote controlled forage sampling technique (Raats & Clarke, 1992). 

2.1.5.2.3. Diurnal variation in diet selection 

It is known that ruminants can have between 8 and 10 grazing periods per day (Arnold, 1962), 

and that diet selection changes with increasing satiation and with changes in pasture and weather 

(McManus, 1980). Diurnal variation in the feeding behaviour of goats have been observed by 
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Bjelland & Grnva (1997). Similar variations were also found in the diet composition of fistulated 

animals, in nitrogen (N) content (Langlands, 1965; Hodgson, 1969; Obioha et al. 1970), lignin 

(Obioha et al., 1970), digestibility (Hodgson, 1969) and botanical composition (Coates et al., 

1987). Based on this evidence, it seems important that oesophageal fistula samples should be 

collected throughout the day in order to fully represent the diet of the free range animal, which, 

according to . Raats (1993) is one of the major advantages of the remote controlled forage 

sampling technique. 

2.1.5.2.4. Extrusa recovery rate. 

Raats ( 1993) stated that if all the for g • 

then the extrusa samples obtained s 

covered through the oesophageal fistula, 

represent the forage eaten during the 

collection period. In practio , howev s b • -he...c.ase as extrusa recovery rates for n1v y are 
smallstock range between 35 to~ e~ ~anus (1980) and Holecheck et al., 

(1982a). Holecheck et al. (1982a) cited Blackstone et al. (1965), saying that the degree of 

sample recovery from oesophageal fistulated animals is strongly related to the size of the opening. 

McManus et al., (1962) concluded that an optimum size of the fistula in sheep is approximately 

600 mm2, while Arnold et al. (1964) found that fistulae of more than 1000 mm2 aperture gave 

consistently good extrusa rates. This viewpoint is supported by Raats (1993) who found that the 

mean extrusa recovery rate from fistulated goats with standard fistulae (500-700 mm2), increased 

from 49.6 % (SD; 24.6) to 86.9 % (SD; 3.8) when the aperture size increased to 1050 mm2. In 

the same study, the mean extrusa recovery rate of the improved oesophageal fistul~ valve was 

86.6 % (SD; 7.5). This has lead to the conclusion that large oesophageal fistulae, with or without 
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the fistula valve, is essential for sampling with fistulated animals and confirm the results of Arnold 

et al. (1964). 

2.1.5.2.5. Mastication, salivation and leaching. 

The most frequently used method to test the accuracy of sampling is to feed oesophageal 

fistulated animals a known diet which is then compared to the chemical and/ or species 

composition of the extrusa obtained from the oesophageal fistula (Raats, 1993). Although some 

contradictory results on the effects of saliva mastication and leaching on the chemical 

fibre (CF), and calcium (Ca) are least 

potassium (K) are normally overestimat 

d indications are that nitrogen (N), crude 

s , phosphorus (P), and sodium (Na) and 

al samples (Raats, 1993). 

University of Fort Hare 
2 1 5 2 6 C t • t· ·th '0th".r.t i t·H'.xcellence . . . . . on amma 100 w1 en'ton1 e 

Another factor affecting validity of oesophageal fistula samples is the occurrence of contamination 

of oesophageal samples by regurgitated rumen ingesta. Samples contaminated with rumen 

contents cannot be used for accurate chemical and botanical composition (Holecheck et al., 

1982). McManus (1961) found that some sheep are more pro_ne than others to contaminate their 

extrusa samples by regurgitation. The collection period should be restricted to not more than 3 0 

minutes (Crimes & Watkin, 1990; Bath et al., 1956) in order to minimize the risk of 

contamination by rumen contents during regurgitation. Holecheck et al., (1982) stated that the 

problem with regurgitation is primarily related to time since previous eating and can be prevented 

if the animals are starved for a few hours prior to sampling. Raats ( 1993) stated that overnight 
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starving should be avoided unless it is a normal management practice because it has an effect on 

diet selection, rate of eating and acid detergent fibre (ADF) but not on nitrogen (N), ash, 

hemicellulose and acid detergent lignin (ADL ). 

2.1.5.2.7. Sample preparation. 

Sample preparation can affect the chemical content of fistula forage samples (Theurer, 1970a). In 

the review by Raats (1993), it is concluded that extrusa samples should not be squeezed nor 

rinsed. In addition, Kam (1991) stated that if nitrogen (N) or ash are to be determined in 

oesophageal extrusa samples, microw 

fibre levels are to be determined, freez · 

_ -,-=~--.1 oven drying ( 50 °C) is acceptable, but if 

2.2. Conclusion. University of Fort Hare 
Together in Excellence 

From the above it is clear that in order to collect forage samples that represents the diet of free 

ranging animals it is important to ensure that: 

1) fistulated animals are of the same sex, age and physiological status as the target 

population of non-fistulated animals, 

2) oesophageal fistulae are of sufficient size (1000 mm2) and equipped with effective 

plugs, 

3) sufficient time is allowed for the fistulated animals to adapt to the vegetation and to 

become part of the group structure of the larger population, 

4) fistulated animals are not fasted prior to sampling unless it is a normal management 
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practice, 

5) collect samples throughout the active daily feeding period, 

6) extrusa samples should not be squeezed or rinsed but should be frozen soon after 

collection, followed by freeze drying. 

Because the fistula valve technique makes it possible to collect multiple extrusa samples, which 

can be varied, both in number and size and be collected throughout the day,, it seems to satisfy 

most of the conditions as mentioned above. It was therefore the objective of the present study to 

animals, using goats at two different sto period of four different seasons: 

University of Fort Hare 
Together in Excellence 
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CHAPTER3 

MATERIALS AND METHODS 

3.1. Hypothesis 

The oesophageal fistula valve technique provides a more representative sample of forage . selected 

by free ranging goats throughout the day and throughout the period of stay in a paddock than the 

3.1.1. Testing the hypothesis 

Due to the difficulties involv in •the dir~ me_a roent the. diet of free ranging ruminants, n1vers1Ly u urr are 
the following indirect measureme t@fdf BfrWa,geal fistula valve technique were 

employed. Testing of the hypothesis involved comparisons between the fistula valve and the 

standard fistula bag techniques in terms of: • 

a) Proportion of grass or bush(%) in fistula bag and fistula valve samples vs. time spent grazing 

or browsing, expressed as a percentage of the active feeding time. Although grazing/browsing 

time is not a direct measure of intake due to differences in harvesting rate between plants, the 

assumption is made that a strong positive relationship exists between the observed frequency of 

grazing/browsing and the amount of grass/bush consumed. In this study the correlation between 

time spent grazing and the amount of grass in extrusa samples was therefore, used as an indication 

of how close the fistula bag and fistula valve techniques resemble the actual feeding be~aviour of 
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the animal. 

b) Chemical composition of fistula bag- vs. fistula valve samples obtained from the same goat on 

the same day. Because it is impossible to measure the true diet of the free ranging animal, this 

comparison provides only a measure of contrast between the two techniques and does not 

necessarily indicate the accuracy of either one technique. 

( c) The fistula bag and valve methods will be evaluated in terms of both grass/busli ratios and 

chemical composition at similar levels of grazing/browsing pressure (± 120 Goat browsing 

days/ha) in two different stocking rate treatments 

d) Diurnal changes in feeding behavio r 

selection or plant species preference i 

represent the diet of free range goats 

• gle sample per day is not sufficient to 

ours the fistula valve technique which 

enables the collection of multiple samples. '-=l'-H - --LcH 'v other hand, however, lack of a clear diurnal 

change in diet selection wou!P m ~~~~jtysi~f as collected by the fistula bag 
1 ogether zn¥fxce ence 

technique may effectively represent the daily diet 

The following treatments and measurements were applied in order to test the hypothesis: 

3.1.1.1. Treatments: 

Two plots (1 ha each) classified as False Thornveld of the Eastern Cape (Acocks, 1975) were 

stocked with eight and 24 Boer goat ewes for a period of thee weeks. The trial was repeated four 

times: May/June 1993, August/September 1993, October/November 1993 and February/March 

1994. 
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Table 1. Experimental design. 

High stocking rate Low stocking rate 
Size of plot 1 ha 1 ha 
Number of animals 24 mature Boer goat ewes 8 mature Boer goat ewes 

Types of animals 3 dry fistulated ewes 3 dry fistulated ewes 
19 lactating ewes 5 lactating ewes 
2 dry fistulated ewes used as 

replacements. 

3.1.1.2. Measurements: 

Twice a week, on Tuesdays and Friday , 

fistula bag and fistula valve samples w r 

each plot). On the same days, the feedin 

f he four experimental periods (seasons), 

six fistulated Boer goat ewes (three in 

f twelve goat ewes was also recorded ( six 

per plot, consisting of 3 fistu 

3.1.1.3. Comparisons: 

..,w.JLQ.d-r.11~r1•~..,.1.TJJ6b.'1-~lr-,nu1t'&tdr.i,,,s{}' ft Hare 
Together in Excellence 

For each of the fistulated goats, the proportion of grass (% DM) in the fistula bag and/or fistula 

valve samples was correlated with the time spent grazing (% of active feeding period). The 

analyses was restricted to data obtained from the same animal on the same day. Comparison of 

the fistula bag and valve samples in terms of nitrogen (N), neutral detergent fibre (NDF) and acid 

detergent lignin (ADL). Comparisons were made between pairs of samples obtained from the 

same goat on the same day. Species selection pattern, using observational data to determine 

species selection pattern with the main. aim of providing information on diurnal variation in the 

diet of free ranging goats. 
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In testing the above hypothesis it is important to ensure that the results reflect differences between 

the techniques only, and not other intrinsic factors . The following precautions were taken in 

order to remove or standardise variables not directly associated with the techniques under study, 

but which influence diet selection. 

Seasonal factors: Variation may occur in diet selection due to changes in forage quality and 

availability between seasons. As a result, both techniques were applied simultaneously in all four 

seasons. 

Vegetation factors: In order to minimise differences in vegetation, two small plots, one ha in 

size were demarcated within an e • 

wagon-wheel system. In order to mi • 

community physiognomy on foraging b 

9ha) that forms part of a 12-camp 

ce of the abiotic environment and plant 

e availability and forage quality, the two 

techniques were compared in ~-i -~~1 11v~1''1E,~,,,.,.,01z:.,,,,,. ·multaneously. 

A . 1 f: A h h . l Toaether in Excepence. l • d b h . l .d. . . mma actors: st e p ys10 og1ci1 reqmrements o an amma an e av1oura 1 10syncras1es 

will influence diet selection, the two techniques were applied to the same individual animals. 

This study formed part of a multidisciplinary research project on the feeding behaviour of 

browsers with the aim to (~) determine the effect of season, stocking rate, period of occupation 

and physiological state (lactation) of the animal on feeding behaviour and (b) identify and test 

"nutritional stress indicators" in free grazing/browsing ruminants, using the goat as a model. 
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3.2. Location. 

The research was conducted on the University of Fort Hare Research Farm (Honeydale) near 

Alice, South Africa (32°491S, 26°54'E). The area lies at an altitude of 500-600 m. 

3.3. Vegetation. 

The vegetation is representative of Acocks (1975) "False T.homveld of the Eastern Cape" and 

evergreen thicket. 

3.4. Experimental area. University of Fort Hare 
Together in Excellence 

Four paddocks (8-9 ha each in size) which form part of a wagon wheel system, were rested for at 

least one growing season prior to the start of the experiment. In each paddock an area of two ha, 

judged to be uniform in terms of vegetation was identified, enclosed and subdivided i~to two I ha 

plots. During each of the four seasons, one pair of plots in one paddock was grazed/browsed 

by the 3 2 experimental goats during the three week evaluation period of the fistula valve 

technique. 

A seven-strand electric fence was used to confine the experimental goats to a specific plot during 

each of the three-week evaluation periods. Two handling kraals, capable of handling 24 animals, 
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were erected at the entrances to the two plots. Each plot had its own water trough placed near its 

entrance. A complete botanical • survey, was done for each plot according to the methods 

described by Trollope (1980) and Danckwerts (1981) of which the results are shown in Appendix 

Table 1. In addition, phytomass of grass at the beginning and the end of each trial was estimated, 

using a disc pasture meter (Bransby & Tainton, 1977). 

3.5. Soil type. 

These have shallow topsoils and hence a 

of the soils are derived from shales and s 

silt and fine sand contents, 

3.6. Climate and rainfall. 

le water storage capacities. Since most 

Beaufort and Ecca series, they have high . 

tion capacities. Although low in are 
, 1979). 

Mean daily summer temperature range from 18-21 °C and mean daily winter temperatures from 

10-13°C. Frost is common during July and August. Owing to the frost and low rainfall during 

the dry season, late winter and early spring (May-October) may be considered to be the more 

critical period with regard to foraging. The mean annual rainfall is 574 mm and varies between 

227 mm and 967 mm. The rainfall pattern is bimodial with a distinct peak in March and a lesser 

one in October. The rainfall pattern during the research period is shown in Fig. 1. 
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3. 7. Management of animals and data collection. 

The experiment comprised four trials with a total of 3 2 Boer goat ewes in each trial. At the start 

of each trial, there was an adaptation period of two weeks on the veld immediately adjacent to the 

experimental area. Five days prior to the start of each of the experiments, alkanes were dosed, 

blood and faecal samples collected and fistulated animals trained with harnesses 1n order to 

acquaint the animals with the handling procedures. 

Boer goat ewes were synchronised and a 

of lactation ( three weeks post kidding) a 

four experiments, a group of about 3 0 

ensure that they were at the same stage 

of each trial. Twenty-four lactating Boer 

goat ewes were randomly sel~d -from thl!i_ rou d
O

ardd Q. th..e eight fistulated goats to make un1vers1L o t are -
up the 32 experimental animals. Together in Excellence 

The fistulated goats were trained with great care, to the extent that they showed no signs of 

abnormal behaviour, stress or discomfort during sampling and allowed the operators to approach 

and handle them in the open without resistance. For easier identification of the 12 animals that 

were observed during sampling, numbers ( ±3 00 mm in size) were painted on both flanks with a 

livestock marker or enamel paint. 
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During the three-week evaluation periods, goats had daily access to the experimenta~ plots only, 

but kraaled at night and only fistulated animals supplied with a commercial lick (block). Kids 

were separated from their mothers during the day to prevent them being accidentally trapped in 

the electric fence and only united in the evenings. Similar vegetation in adjacent paddocks was 

used as browsing for the fistulated animals during the interim period between experiments. 

3.7.1. Oesophageal fistula sample collection. 

At 7:00h on Tuesdays and Fridays the six fistulated goats (three in each paddock) were prepared 

for standard fistula bag collection, 

Fallowing removal of the fistula bags, 

controlled fistula valves and then allo e 

samples were collected from,.the six fist . un1ver 
hour intervals assuming that the 

enty minute sample collection period. 

s lated goats were equipped with remote 

he plots to graze/browse. Fistula valve 

e rest of the day (until 15:00) at one are 
cltwW.l-g/browsing. During collection, the 

valve remained open until sufficient extrusa had been collected ( 1-15 minutes) and then closed 

when the oesophagus was clear. Samples were allowed to drop on the ground where they were 

collected. Any debris adhering to these samples were removed and the clean samples kept in 

labeled plastic bags on ice in a cooler box. • 

3. 7 .2. Feeding behaviour. 

Feeding behaviour of twelve goats ( six in each plot; three lactating + three fistulated ) was 

observed and recorded every four minutes from 7:30 h to 15:00. Observations included the 

following categories: browsing, grazing and non-feeding activities. Browsing activity includes 

bi-pedal stance (recorded separately) and represents the browsing of all woody species. These 



 

 

28 

species were also identified and recorded separately. Grazing activity represents grazing of both 

grasses and forbs without identification of species. Non-feeding activities include separate 

recordings of walking, standing and lying. . 

3.8. Sample preparation. 

All extrusa samples were stored in a deep freeze prior to drying and milling. Each sample was 

freeze-dried and hand separated into bush ( woody species) and grass components (including 

forbs) which were then weighed separa 

Samples were analysed by the Animal 

for N, NDF, ADF and ADL. 

mal Products Institute, Irene in Pretoria 

University of Fort Hare 
3.9. Presentation of results an'BC&tffi,1tttta 1a.11aJ1~~.lence 

During this study, a total of 34 560 observations were recorded on the feeding behaviour of 

twelve goats of which half (six fistulated goats) was used in the present analyses. In addition, 

1 152 valve samples and 144 bag samples were collected and hand separated into grass and bush 

components. Because fistula value samples differ in mass, the grass/bush ratios of each individual 

fistula valve sample were weighted according to the mass (DM) of sample after which it was 

pooled within day for each goat. Grass content (% of DM) of extrusa samples is presented 

together with percentage time~pent grazing (% of active feeding time) as observed from the same 

animals on the same day. 
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3.9.1. Statistical analysis 

The grass/bush ratio and chemical composition data sets were first tested for normality (standard 

skewness and standard kurtosis with limits of -2 and +2 using descriptive statistics. Data sets 

that exceeded the limits of the normal distribution curve were transformed, using arcsine 

transformation. The normally distributed data sets were analysed and tested for significant 

differences between techniques, using Multi-factor Analysis of Variance. Although the results on 

the grass/bush ratios and time spent grazing as measured by all three techniques (hag, . valve and 

observations) are presented together, only differences between the bag and valve techniques were 

statistically tested for significance. 

Behavioural data was divided into morm .56) and afternoon (12:00 to 15:00) periods. 

f~h of the 3-week observational 

frelease 3 .2; IACR, Rothamsted) was 

used to analyse the data and test for significant differences in behaviour between morning and 

afternoon, between days and between seasons. Unbalanced data sets were analysed using Residual . 

Maximum Likelihood (RElVIL) procedure of Genstat, with goats as the random model. 

Woody-species selection during each day was divided into four periods, namely: Early morning 

(07:00 to 08:56), late morning (09:00 to 10:56), midday (11:00 to 12:56) and afternoon (13:00 to 

15:00). The number of times that goats were observed to browse a specific woody-plant species 

during any of the above periods were used as a basis to determine diurnal variation in species 

selection. Only the three most preferred bush species ( Grewia occidentalis {GO}, Rhus Longispina 

{RL} and Scutia Myrtina {SM}) were used in this analysis. 
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CHAPTER4 

RESULTS AND DISCUSSION 

4.1. PROPORTION OF GRASS IN OESOPHAGEAL FISTULA SAMPLES AND 

TIME SPENT GRAZING. 

The average grass consumption of fistulated goats as measured by the fistula valve, fistula bag and 

Table 2. 

and observaf methods 9!!rin2't fo:w sons at two stocking rates n1vers1Ly 01 orI are 
Together in Excellence 

Season & Bag Valve Obs F 
stocking rate % grass SE % grass SE % grass SE Probability 

Winter HSR 49.37 15.72 29.39 5.58 33.92 4.49 P > 0.05 
LSR 11.31 6.50 32.50 ~.78 34.98 2.70 P = 0.04 

Spring- HSR 77.46 18.14 49.90 5.72 56.90 3.99 P = 0.02 
LSR 50.99 11.09 34.72 7.79 37.72 5.36 p > 0.05 

Summer-HSR 77.88 13.66 71.01 4.76 59.73 3.24 P > 0.05 
LSR 46.39 8.54 41.57 3.61 36.44 2.57 P > 0.05 

Autumn-HSR 12.55 10.47 23.17 5.56 15.22 4.12 P > 0.05 
LSR 0.81 0.59 1.3 0.73 6.89 2.78 P >- 0.05 

The average grass consumption as measured by fistula valve and the observations methods pooled 

over four seasons and two stocking rates were similar (35.11 & 35.20 % respectively) while the 
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bag was about 6 % points higher (40.85 %). Wherl the data wns arranged according to _seasott 

(pooled over stocking rates and satnpling days) as ittustrated in Fig. 2, the average composiliort ot 

the extrusa samples and time spent grazing showed a clear seasonat effect. 
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Figure 2. The average daily proportions of grass in the fistula valve and fistula bng 

samples and time spent gi"azhtg, pooled over stocking rates and srtrttplhtg 

days. 

The average grass consumption (techniques combihed) ihcreased from about 30 % doting winter 

to over 50 % during spring ahd summer arid decreased to less than 10 % during aututnn. The 

most prominent difference (± 20 % points) between techniques was found during spring when the 
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grass consumption as measured by the fistula bag was 63.3 % compared to the 43.6 % and 47.2 

% of the fistula valve and observation techniques, respectively. In spite of differences of up to 20 

% points in the grass content between the two direct sampling methods, these differences were 

not significant during any of the four seasons. 

The average proportions of grass in the fistula valve and fistula bag samples and time spent 

grazing during the different seasons as affected by stocking rate are shown in Fig. 3. Considering 

all three techniques, grass consumption varied from as little as 3 % during autumn in the LSR to 

almost 70 % during summer in the HS 

as measured by the three techniques wa 

treatments. However, a deviation from 

valve and observation data wed sli n1ve 
treatment which is contrary to t fl 

1 n, average, the proportion of grass/grazing 

gher in the HSR- compared to theLSR 

nd during winter, when both the fistula 

f ~on in the HSR- than the LSR 

% & 10 % respectively). In both 

stocking rate treatments, the average grass consumption as measured by the fistula valve and 

observation techniques were within 12 % points of each other. On the other hand, 20 to 25 % 

differences in grass consumption were observed between the fistula bag and the other two 

techniques during spring (HSR) and winter (LSR). 

When comparing . the two direct sampling methods, significant differences (P < 0.05) in the 

proportion of grass between the fistula bag and fistula valve samples were observed in the HSR 

treatment. In this treatment the average grass content in the fistula bag samples was 12 % points 

higher (P = 0.00) than that of the fistula valve samples. This difference was highest during spring 
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(27 % points) which is significant (P = 0.02) and decreased through winter (20 % points) and 

summer (7 % points). During autumn, however, the fistula valve samples showed a (9 % point) 

higher grass content than the fistula bag samples. In the LSR treatment, both fistula methods 

yielded similar averages. During spring and summer, the fistula bag samples contained more grass 

(8 and 5 % points, respectively) than the fistula valve samples. This trend was reversed during 

autumn and winter with the fistula valve samples containing more grass (1 and 20 % points, 

respectively) than the fistula bag samples. The difference between direct sampling techniques was 

significant (P = 0.04) during winter only. 

The average proportions of grass in t d fistula bag samples together with the 

(GBD/ha), within each seasop~nd stocki!l&_rate ¥~ow_p • t_fill:res 4, 5, 6 and 7. u n1vers1Iy or .tfOfI are 
Together in Excellence 

Figures 4, 5, 6 and 7 show that differences between techniques in the estimated amount of grass 

consumed varied considerably, not only between seasons and stocking rates but also with 

advanced period of occupation. In general, the largest differences between the sampling 

techniques were found during winter (Fig. 4) and spring (Fig. 5). 

Winter: During winter (Fig. 4), contrasting trends in grass consumption were obtained by the 

three techniques. In general, there appears to be a closer association between the observed 

grazing frequency and the grass content of fistula valve samples. On average, the grass 

consumption as estimated by these two methods were 34 % and 29 % in the HSR- and 35 % and 
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3 3 % in the LSR treatments. The fistula bag method, on the other hand, indicates higher 

consumption of grass (49 %) in the HSR treatment and a significantly (P = 0.04; Fb vs. Fv) lower 

consumption (11 %) in the LSR treatment. According to the fistula bag technique, grass 

consumption increased almost linearly from 4 % to 80 % towards the end of the 

HSR-grazing/browsing period, compared with the fistula valve and observation technique's higher 

initial values which level off or decrease towards the end. In the LSR-treatment, the fistula bag 

technique indicated a greater reduction in grass consumption as a result of increased period of 

occupation compared to a flatter curve obtained by the other two methods. The results from both 

the fistula valve and observation tec ....... -4•~,1.,...., 

pressure in both the HSR- ( 120 GB 

difference ( 44 % and 8 % ) in gra 

method at 120 GBD/ha (HS 

well at similar levels of grazing/browsing 

128 GBD/ha) treatments. A substantial 

s, however, measured by the fistula bag 

Together in Excellence 

Spring: Due to the contamination of bag samples with rumen ingesta, no data for the fistula bag 

technique was obtained on the first sampling day in both the spring stocking rate treatments (Fig. 

5). Based on the averages, it appears that a close association exists between the observed grazing 

frequency and the grass content of fistula valve samples in the HSR- (57 % & 50 %) while the 

fistula bag method indicated substantial higher (77 % ) grass consumption. The difference of 28 

percentage points in the grass content between the two direct sampling methods (Fv vs. Fb) was 

highly significant (P = 0.02). In the LSR treatment, grass consumption was estimated by all three 

techniques within 10 % of each other and no significant difference could be found (P > 0.05). 

Differences between techniques (max. 70 % points) on different ·sampling days were more 
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prominent during the latter parts of the grazing/browsing periods in both stocking rate·treatments. 

Grass consumption as measured by both the fistula valve and fistula bag techniques at similar 

levels of grazing/browsing pressure in the two stocking rate treatments (HSR: 120 and LSR 128 

GBD/ha) were poorly correlated, with differences of 20 % and 60 %, respectively. On the other 

hand, time spent grazing as observed on these days was much more similar (55 % & 51 %). 

Summer: During summer (Fig. 6), in both the HSR- and LSR treatments, the average 

consumption of grass as measured by the fistula bag method (78 % & 46 % ) was marginally 

methods (60 % & 36 %). Compared t 

different sampling days were also smaller. 

e (71 % & 42 %) and the observation 

as measured by all three techl\iq.ue~ at similar ev~ls of grazing/browsing pressure in the two 
u n1vers1ty or Fort Hare 

stocking rate treatments were poorlyI'coot~mdi 1.MJal)OOt~W:lesame level of forage utilisation in 

both the HSR- (120 GBD/ha) and LSR- (128 GBD/ha) treatments, the difference in grass 

consumption as measured by the fistula bag, fistula valve and observation methods were 70, 20 

and 23 percentage points, respectively. 

Autumn: On average, grass consumption as measured by the fistula bag corresponds well with 

the time spent grazing ( 13 % & 15 %, respectively) in the HSR treatment compared to the 23 % 

obtained by the fistula valve method. The higher estimate of grass consumption by the fistula 

valve method is also contrary to the results found during winter (HSR), spring (HSR & LSR) and 

summer (HSR & LSR) when the fistula bag estimates were higher. Although minimal amounts of 
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grass in extrusa samples, and time spent grazing were observed in the LSR treatment during 

autumn, all three sampling methods were relatively consistent throughout the period. Except for 

the fistula valve method, the grass consumption at similar levels of grazing/browsing pressure in 

both the HSR- (120 GBD/ha) and LSR- (128 GBD/ha) treatments as measured by the fistula bag 

and observation techniques, corresponds well. A difference of 10 percentage points in grass 

consumption at 120 GBD/ha (HSR) and 128 GBD/ha (LSR) was measured by the fistula valve 

method. 

the expected range found in other studie . 

the three different techniques varied betw 

1 t ee techniques in this study are within 

rass consumption (including forbs) for 

0 % and agrees well with t~e generally 

accepted figure of 40 %. On a -·~ef§. f ~t°eelect about 60 % bush, 30 % 

grass and 10 % forbs (Malecheck a~t-Jbf{l;.a~1,_ f~ff lf§fMifar results were obtained with Boer 

goat ewes on False Thornveld of the Eastern Cape (Raats, 1997). These animals spent on 

average 61 % and 3 9 % of their active feeding time browsing and grazing (including forbs ), 

respectively. 

The effect of season, stocking rate and period of occupation on the feeding behaviour of goats is 

well documented. Winter is characterised by forages low in digestibility and nutrients; but high in 

fibre and chemical defences (Danckwerts & Teague, 1989; Palo et al., 1992). As a result of the 

seasonal changes in the vegetation, Raats (1996) found that the percentage time (active feeding) 

that goats spent grazing varied from as low as 14 % in January to as high as 73 % in June. This 
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trend is, however, not static and may change drastically due to the amount and distributiott of 

rainfall and the occurrence of frost. In this tegatd, Bjelland & Grprva ( 1997) found, during a study 

with Boer and Indigenous goats in False thornveld of the Eastern Cape, that the time spent 

grazing during July to be substantialty lower ( 48 % grazing) than that recorded by Raals ( 1997). 

In the present study the average grass consutnption (techniques combined) increased from about 

30 % during winter to over 50 % during spring and summer and d~creased to less than 1 O % 

during autumn. Except for spring, these figures differ markedly from the 73 %, 49 %, 40% and 

3 5 % time spent grazing during the same seasons tecorded by Raats ( 1996). 

4. 1.1. Relationship between grass in 

grazing. 

University of Fort Hare 
The relationship between the obs 1 ffe(Rfflt~t!yl'{~ of active feeding time) and the 

proportion (% DM) of grass in the fistula bag and fistula valve samples is shown in Figures 8 and 

9, respectively. Although the R2 values are relatively low, it seems that of the two dir~ct sampling 

methods, the fistula valve technique provides a more realistic estimate (R2 of 0. 73 vs. 0.61) of the 

observed feeding behaviour over a wide range of grazing : browsing ratios. 

From figure 8 it is clear that the relationship between the fistula bag and observed grazittg 

frequency is not linear. This figure suggests that at 1ow levels of observed grazing frequency the 

fistula bag may under-estimate grass consumption whereas the opposite s_ecms true at high levels 

of observed grazing frequency. The coefficients of variation obtained for the fistula bag method 
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(observational vs. fistula bag method R2 = 0.61) is sin1itar to the 0.63 (R2

) reported by Raats 

( 1993), white that of the fistula valve method ( observational vs. fistula valve method R 2 = 0. 73) is 

considet-ably less than the 0.90 (R2) reported by the same author. One possible explanatioh for 

this discrepancy is the shorter time ihlervals between behavioural observations (2 min.) and fistula 

valve samples (30 min.) in the quoted study compared to the respective four and 60 tnihute 

intervals used in the present study. 

4.2. CHEMICAL COMl>OSlTlON OF tllE FiSTULA BAG ANb VALVE SAMPLES 

Although this study was repeated dur n 

(spring) and the above average rainfall u 

ons of the year, the extended drought 

d autumn (Fig. 1 ), effectively divided the 

study period into two distinct periods, name•TT-1!•....,,,,,., period ( winter and spring) and a wet period 
University of Fort Hare ; 

(summer and autumn). t he chat1g ~1e· ~Eit~ 'tion of the diet as selected by goats 

during the dry and wet periods (pooled over all treatments) are ~hown in Table 2: 
I 

Table 3. Chemical composition of oesophageal fishda samples in the dry (winter & 

spring) arid wet (sununei" & autunUt) periods. 

Component Dry period Wet period F Probability 
(% ± SE) (% ± SE) 

CP 9.94 ± 0.27 14.05 ± 0.33 p < 0.001 
NDF 51. 21 ± 0.85 49.18 ± 0.51 p = 0.034 
ADF 35.18 ± 0.68 32.79 ± 0.49 p = 0.004 
ADL 14.29 ± 0.55 13.81 ± 0.53 p = 0.535 
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Against expectations, only small differences, though significant, in NDF, ADF and ADL 

percentage points) were found in the extrusa samples between the dry and wet periods . On the 

other hand, the CP content of extrusa samples increased by about four percentage points during 

the wet period. Except for ADL, all these differences were significant (P < 0.05). 

The effect of the fistula bag and valve techniques on the chemical composition of extrusa samples 

during different seasons and stocking rates is shown in Figure 10. According to Figure 10, the 

CP, NDF and ADF contents of the fistula bag samples were consistently higher than the _fistula 

valve samples during all four seasons an 

were found in ADL content during spri g • 

were compared in each of the four seaso 

R treatment. When sampling methods 

• fferences were found in CP, NDF, ADF 

(P < 0.01) and ADL (P < 0.05,.) . . When C£._IIJparp~n tw u·n1vers1Ly or ~ort 
methods differed also significantly 'JJ} 00 • , cel"/cf,, 

difference in ADL was not significant. 

4.2.1. Crude Protein 

tocking rate treatments, sampling are 
and NDF (P < 0.01) while the 

On average, the crude protein content of extrusa samples (pooled over all treatments and 

methods) varied significantly (P < 0.001) between seasons (winter: 11.71 % SE=0.39; spring: 

8.66 % SE=0.24; summer: 16.89 % SE=0.27, autumn: 11.34 % SE=0.18). When the sampling 

methods are compared separately in the high and low stocking rate treatments, a highly significant 

_ difference (P = 0.01) between methods was found in the LSR treatment during spring. There was 

also a highly significant difference between the two sampling methods (P = 0.00) on specific 
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sampling days as affected by stocking rate. It is also interesting to note that in spite of the high 

grazing/browsing intensity in the HSR treatment (3 84 GBD/ha ), the only significant effect of 

period of occupation on crude protein was found during Winter (P = 0.02) and Autumn (P = 

0.00). 

The average crude protein content of fistula bag and valve samples during the four seasons and 

two stocking rates is shown in Figure 11. 

the HSR treatment were 11 % and 10 % 

techniques showed a decline ipTthe CP co2.t,~nt f xt~a,. ijafl!ples with advancing period of un1vers1Ly o orr nare 
occupation. This decline was highlyf ~fi m {P E~jliHffi?e HSR treatment. The CP content 

of both the fistula bag (14 % and 14 %) and fistula valve (11.66 % and 11.50 %) samples 

compare well at similar levels of grazing/browsing pressure in the HSR- (120 GBD/ha) and LSR-

(128 GBD/ha) treatments. 

Spring: In the HSR treatment, the average crude protein content of the bag and valve samples 

were 8 % and 9 %, respectively. This one percentage point difference is not significant. On the 

other hand, in the LSR treatment, the average difference in the crude protein content between the 

bag (11 %) and valve samples (9 %) was highly significant (P = 0.01). In contrast to thewinter 

results, no significant difference in crude protein content was found between days during the 
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spring replicate. The CP content of both the fistula bag (9.00 % and 9.50 %) and valve (8.00 % 

and 9. 03 % ) samples compares reasonably well at similar levels of grazing/browsing pressure in 

the HSR- (120 GBD/ha) and LSR- (128 GBD/ha) treatments. 

Summer: No significant difference in CP content was found between the two sampling methods 

in either of the two stocking rate treatments. In the HSR treatment, the average crude protein 

content of the bag and the valve samples were 17 % and 16 %, respectively. ln the LSR 

treatment the average CP content as measured by the respective techniques were 18 % and 17 %. 

Also, no significant difference could be ouru::::eerf e crude protein content of the bag and 

valve samples on specific sampling day s. The CP content of the fistula valve 

(15.54 % and 17.78 %) was better correl els of grazing/browsing pressure in the 

.-'<B5,"'1---1"i1a';t~-l ~nee in the bag samples (16.46 LSR- (128 GBD/ha) treatmen 

% and 20.22 %). Together in Excellence 

Autumn: In the HSR treatment, the average crude protein content of the bag and the valve 

samples were the same, namely, 11 % and not significantly different. In the LSR treatment the 

average crude protein content of the bag and valve samples were 12 % and 11 %, respectively 

with no significant difference. On specific sampling days, however, highly significant differences 

in the crude protein content were found between the two sampling methods (P = 0.00). The CP 

content of both the fistula bag (12.33 % and 12.00 %) and valve (11.66 % and 11.55 %) samples 

compare well at similar levels of grazing/browsing pressure in the HSR- (120 GBD/ha) and LSR-

(128 GBD/ha) treatments. 
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4.2.2. Neutral Detergent Fibre (NDF) 

The average NDF content of extrusa samples, pooled over all treatments, varied by about 10 

percentage points over the four seasons (winter: 45.81 %, SE=0.99; spring: 55.08 %, SE=0.91; 

summer: 51.08 %, SE=0.62; autumn: 47.36 %, SE=0.72), though no significant differences were 

found between seasons. As is the case with crude protein, the two sampling methods were found 

to be different (P < 0.01) in NDF content, but only during spring in the LSR treatment (P = 0.01) 

and during summer in the HSR treatmen 

The average neutral detergent fibre conte ersus that of the bag samples during the 

four different seasons and twot;arlf~P1s15tYed 

Together in Excellence 

Winter: HSR treatment, the average NDF content of the fistula bag and valve samples was the 

same (46 %). Similarly, in the LSR treatment the average NDF content was the same for both 

sampling methods ( 46 % ). Both techniques showed an increase in the NDF content of extrusa 

s_amples with advancing period of occupation. This increase was highly significant (P = 0.02) in 

the HSR treatment. The NDF content of both the fistula bag (43.30 % and 49.29 %) and fistula 

valve (44.89 % and 47.86 %) samples do not compare well at similar levels of grazing/browsing 

pressure in the HSR- (120 GBD/ha) and LSR- (128 GBD/ha) treatments. 



 

 

51 

HIGH STOCKING RA TE tow STOCKING RATE 

NDF 
-WtNtt:tt 

SIS -r--------------------1 
eo 

110 

40 

35 

- HOflllllVII -+- 110,(IIAOI 

:JO -t---..----,---r--~-..----.--~--r---.--J 

.. ; tL NDF ee-------------------. 

36+---.----.---.----,.---,,---,---....---' 
-48 OIS 1-48 108 249 208 3.flt :108 -448 -40!1 18 38 118 Tit 08 118 138 11111 1111 

l'tntoo OF OCCUl>ATION (GBD/h~) 

SPitiNG 
rtntob OF OCCUrATION (Ghil/ha) 

'L NOi' 
85 

ea 

1111 

so 

•IS 

40 

31S - HOFlll\lVU , -1- IIOFIIUO) 

30 ~d4----.----.---'---r-- --.----,--..----.----' 
-48 08 

'4 NOi' 
11!1 ,------'----- -----__;-----; 

;~~I0;
9

0F ~ ~C;
08 

,3•e. 
308 ·sitYof Fort 39

.------..-.~t-; o cc~~,\Tl~~ (GD:;h•·' 
1511 

Togethe ~ llence 
'$ '4 HOF 

1711 

80 

so 

40 

30+---.---------r--=---.------.--..-----' 
,11 08 1-48 108 2,11 2011 :,,11 • 3011 •~Ii ,4ot\ ,4 ISII 711 08 118 1311 158 1711 

l'tRIOD OF OCCUrATIOi'l (GDO/h~) AtJtUMN rtnlOD OF occurATION (GOO/ha) 

'4 NOF 
IS5 

110 - HOr("'lVc:J _,_ ll~flllAO) 

SIS 

50 

"" 
40 

30 -t--..----.-~--.--.----.----.--....---...--J 30 -t--~-~---.-----,--,--....;....,,_ ___ _j 
.en VII t.c8 1011 2U %08 3.Clt :JOO ,4,(8 .COIi 38 SIi 711 011 1111 '311 1<$11 118 

Figure 12. 

rrntoo OF occurATION (GDD/1••> PERIOD or OCCUPATION (GDD/ha) 

Average NEUti1AL i>Et.ERG-ENT FIBtlE td11te11t ot tistul!t bag :hicl 

valve samptcs dttriitg fotir ~e:HtHis attd two stocking rates. 



 

 

52 

Spring: Results from the HSR treatment indicate a lower NDF average for the fistula bag 

samples (53 %) compared to the valve samples (56 %).but with no significant difference. On the 

other hand, in the LSR treatment, the average NDF content of the bag samples (56 %) was 

significantly higher (P = 0.01) than that of the valve samples (51%). Similar to the winter season, 

both techniques showed an increase in the NDF content of extrusa samples with advancing period 

of occupation. Against expectations, this increase was more pronounce in the LSR- than in the 

HSR treatment. This increase was also highly significant (P = 0.02) in the LSR treatment. The 

NDF content of the fistula valve (53.58 % and 52.96 %) samples are closely related at similar 

Summer: In both the HSR- • 'a 
1 

am~ti~~:'IIUF content of the fistula bag 

samples (56 % HSR, 50 % LSR)~~g~ghefrlJiiftqH,z~~ samples (50 % HSR, 48 % LSR). 

This difference between the two sampling methods was only significant (P = 0.01) in the HSR 

treatment. In the HSR treatment, both techniques show a slight but not significant increase in 

NDF with advancing period of occupation. Similar to the spring results, the NDF content of 

fistula valve samples (50 % and 48 %) were better correlated than the bag samples .(56 % and 50 

%) at similar levels of grazing/browsing pressure in- the HSR- (120 GBD/ha) and LSR- (128 

GBD/ha) treatments. 

Autumn: Similar to the summer results, NDF contents of fistula bag samples (50 % HSR, 43 % 

LSR) were higher than the valve samples ( 48 % HSR, 41 % LSR). The small differences 
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between the two sampling techniques were, not significant. In the HSR treatment, both 

techniques showed an increase in NDF content with advancing period of occupation. In the LSR 

treatment after an initial increase, both techniques show a sharp decrease in NDF over time. This 

initial increase was also highly significant (P = 0.02) in the LSR treatment. At similar levels of 

grazing/browsing pressure in the HSR- (120 GBD/ha) and LSR- (128 GBD/ha) treatments, the 

NDF content of both the fistula valve (43 % and 41 %) samples were better correlated compared 

to a slightly bigger difference in the fistula bag ( 4 7 % and 40 % ) samples. 

4.2.3. Acid detergent Fibre (ADF) 

The average ADF content of extrusa ed over treatments, varied ~y about 6 

percentage points over the u s€asons (~11,te;:,c3 9 %,ySrE_=_Oe78; spring 37.90 %, SE=0.83; n1vers1ty u1 or1 11ar 
summer 30.35 %, SE=0.59; autu ~~10A[l~{~!1 o significant difference was found 

between seasons. Significant difference (P < 0. 05) between the fistula bag and valve sampling 

methods was found in the low stocking rate treatments only (summer: 31.63 % and 27.62 %; 

autumn: 38.00 % and 32.55 %, respectively). 

The average acid detergent fibre content of the valve versus that of the bag samples during the 

four different seasons and two stocking rates are shown in Figure 13. 
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Winter: HSR treatment, the average ADF content of the fistula bag and valve samples were very 

similar (31 % and 3 2 % ) . This difference increased slightly in the LSR treatment (3 3 % and 3 0 

%, respectively) with the fistula bag showing the highest ADF content. Both techniques showed 

an increase in the ADF content of extrusa samples with advancing period of occupation. This 

increase was highly significant (P = 0.02) in the HSR treatment. The ADF content of the fistula 

valve (31.13 % and 3 3. 97 % ) samples are better related at similar levels of grazing/browsing 

pressure in the HSR- (120 GBD/ha) and LSR- (128 GBD/ha) treatments compared to a 

considerable difference in the bag samples (27.33 % and 37.00 %). 

Spring: The average ADF content of t 

HSR- (37 % and 38 %) and the LSR (4 

d valve samples were also similar in the 

treatments. No significant difference was 

observed. In the HSR treat ',H~;~ r g ncrease in the ADF content of 

extrusa samples with advancing p[&Qet5 8ccHl,lto'fi~-fu the LSR treatment, the fistula bag 

in particular, showed a major decrease after 72 GBD/ha. The Af?F content of both the fistula-bag 

(3 7 % and 3 3 % ) and fistula valve ( 3 6 % and 41 % ) do not compare well at similar levels of 

grazing/browsing pressure in the HSR- (120 GBD/ha) and LSR- (128 GBD/ha) treatments. 

Summer: The average ApF content of the bag and the valve samples in the HSR treatment were 

33 % and 29 %, respectively. The difference of 4 % points was however not significant. 

Similarly, in the LSR treatment the difference of 4 % points in the average ADF content of the 

bag (32 %) and valve samples (28 %) was also not significant. In the HSR treatment, both 

sampling methods showed a slight increase in the ADF content of extrusa samples with advancing 
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period of occupation. In the LSR treatment, the fistula valve showed an increase in the ADF 

content of extrusa samples after (72 GBD/ha) while the bag showed an increase in the ADF 

content of extrusa samples at an earlier stage of occupation (40 GBD/ha) followed by a slight 

decrease after 96 GBD/ha. The ADF content of the fistula valve samples (27 % and 28 % ) are 

better related at similar levels of grazing/browsing pressure in the HSR- ( 120 GBD/ha) and LSR-

(128 GBD/ha) treatments than the bag samples (35 % and 38 %). 

Autumn: HSR treatment, the average 

namely 36 %). In the LSR treatment, t 

the ADF content of the bag (3 8 % ) an 

sampling methods showed a • ht.increas@jQ.Jhe 
1vers1Ly o 

period of occupation. In contrasirwm,,_...., ._._, W 

e bag and valve samples were the same, 

y significant difference (P = 0.01) between 

% ) samples. In the HSR treatment both 

tcf f ~xtrusa samples with advancing 

f&uG<a slight decline in the average ADF 

content of the two sampling methods with advancing period of occupation. Similar to winter and 

summer results, the ADF content of the valve samples (33 % and 31 %) are slightly better 

correlated than the bag samples (34 % and 38 %) at similar levels of grazing/ browsi_ng pressure 

in the HSR- (120 GBD/ha) and LSR- (128 GBD/ha) treatments. 
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4.2.3. Acid Detergent Lignin (ADL) 

The ADL content of extrusa samples, pooled over treatments varied by about 9 percei:itage points 

over four seasons (winter:12.46 %, SE=0.61; spring:30.37 %, SE=0.81; summer:21.56%, 

SE=0.68; autumn: 16.93 %, SE=0.59), though no significant differences was found between 

seasons. Significant differences between the two sampling methods were found in Winter (LSR), 

Spring (HSR), Summer (LSR) and Autumn LSR. The average acid detergent lignin content of 

the valve versus that of the bag samples during the four different seasons and two stocking rates 

are shown in Figure 14. 

Winter: On average the ADL content and valve samples collected in the HSR 

treatment were 12 % and 13 ff etJ.-v. lyb~--~ .. !"!~Ir!"'¼, the average difference in the 

ADL content between the bag (15 1/f?f]ln.t-Jl&e-f.M1ft!ff'i~clJWas highly significant (P = 0.01). No 

significant difference due to advancing period of occupation occurred in any one of the HSR- or 

LSR treatments. At similar levels of grazing/browsing pressure in the LSR- (128 GBD/ha) and 

the HSR- (120 GBD/ha) treatments, the ADL content of the fistula valve samples (13 % and 15 

%) are slightly better related compared to a considerable difference in the bag (11 % and 17 %). 

Spring: A highly significant difference (P = 0.01) between the two sampling methods was found 

in the HSR treatment. The average ADL content of the bag and valve samples were 10 % and 15 

% respectively. In the LSR treatment, the average ADL content as measured by the fistula bag by 
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the fistula bag and valve were 18 % and 17 %, respectively with no significant difference. 

Contrasting trends in ADL were produced by the two sampling methods in the LSR treatment, 

but similar to the winter results, no significant differences resulted from advancing period of 

occupation in any one of the stocking rate treatments. The ADL content of the bag samples in the 

LSR treatment showed a slight decrease while the valve samples showed a slight increase with 

advancing period of occupation. The ADL content of the fistula bag samples (13 % and 11 % ) 

are better related at similar levels of grazing/browsing pressure in the HSR- (120 GBD/ha) and 

the LSR- (128 GBD/ ha) treatments compared to a considerable difference in the valve samples 

(14 % and 20 %). 

Summer: HSR treatment, the average the bag and valve samples were 11 % and 

8 %, respectively. This diffey~ce was not. ~i_,gnific at. A. • hly_significant difference (P = 0.02) un1vers1Iy or ort are 
was found in the LSR between t1:.1AJ!l::'f~~'f]f ~~g£\4{1Pi.,.,., ... 1r ... e (10 %) samples. No significant 

difference in the ADL content was found with advancing period of occupation. The APL content 

of the fistula valve samples (9 % and 9 % ) aremore comparable at similar levels of 

grazing/browsing pressure in the HSR- (120 GBD/ha) and the LSR- (128 GBD/ ha) treatments 

compared to the slightly bigger difference in the bag samples (13 % and 19 %). 

Autumn: There was no significant difference in the ADL content between the bag (16 %) and 

valve samples ( 15 % ) in the HSR treatment but, in the LSR treatment, there was a highly 

significant difference (P = 0.01) between the bag (21 %) and valve (16 %) samples. No 

significant difference in the ADL content of either technique was found with advancing period of 
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occupation. The ADL content of both the fistula bag (19 % and 19 %) and the fistula valve 

samples (15 % and 14 %) are better related at similar grazing/browsing pressure in the HSR- (120 

GBD/ha) and the LSR- (128 GBD/ha) treatments. 

The chemical _composition of the diet varied substantially over seasons and to a much lesser extent 

between stocking rates. This variation occurred in spite of the large seasonal changes in grass : 

bush ratios as shown in Figure 2. With the wide range of forage plants available to goats, 

including evergreen bush species, it is expected that these animals should be able to compensate 

to a far greater degree for seasonal ch n • 

the low stocking rate treatment. Durin 

protein content which is appreciably hig grasses, even after senescence and death. 

A study carried out Otsinya & Ivf.cKell (1-985) op the comJ)~rison of browse to tropical grasses 
Un1vers1ty or Fort tt.are 

showed browse to be richer in prot 10 • tr amtlre dry season. Experiments from the 

Eastern Cape Province indicate a seasonal tendency of crude protein to increase during spring, 

decrease in autumn and reach a minimum during winter (Trollope, 1981 ). Contrary to this, the 

lowest CP values in the present study were measured during spring (8 % to 9 % ) which is 

understandable in view of the extended winter drought. However, with the availability of 

evergreen bush, it is surprising that the goats allocated a maximum of only 60 % of their feeding 

time to browsing activities (see Fig. 2). On the other hand, it could be argued that the limited 

amount of browse forced the goats to consume more grass and if correct, clearly show as a 

difference in the grass: bush ratios between the HSR- and LSR treatments. When considering the 

results in Figure 3, differences in grass . consumption between the two stocking rate treatments 
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( extrusa samples and observations) varied between 10 % and 25 % while time spent browsing in 

the LSR treatment was still not more than 60 % as measured by any of the three techniques. 

However, support for the above argument is found in Figure 5 when during the first 40 GBD/ha 

in the LSR treatment (spring) goats spent about 80 % of their active feeding time, browsing. 

During winter, the same trend is shown (Fig. 4), but unlike the spring results, time spent browsing 

at the beginning of the occupation period was high (± 70 %) in both the LSR- and HSR 

treatments. The higher CP content of the diet during summer (16 % - 17 %) is expected due to 

the availability of new growth in both the grass and woody components. During this period, 

average grass c~nsumption was also th 

The highest amounts of bush was autumn (> 95 %, LSR), though the 

percentage CP of the diet wi~ le~s than· 12 %. lt .is, expecte.d that the quality of the grass would un1vers1ty or ~ort Hare . 
decrease during autumn and therefconei~ooiJr •• • • !t browsing. However, during winter 

when the quality of grass is expected to deteriorate even further, the grass consumption was 

found to be higher than during autumn. This is probably due to the availability of large amounts 

of browse ( evergreen and deciduous bush species) during autumn, but limited to only the 

evergreen species during winter. 

Although NDF content of the selected forages varied little between the dry and wet periods, it 

increased by about 10 percentage points from winter to spring. This is difficult to . explain, 

especially as the spring drought resulted in conditions almost similar to winter. To a certain 

degree, NDF content of the diet seems to be negatively correlated to browse consumption (see 
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Fig. 2 and 10). Except for spnng, this relationship seems also to exist between browse 

consumption and both ADF and ADL. The relatively high ADF and ADL values during spring is 

again difficult to explain. 

The differences in the chemical composition of the diet between the HSR- and LSR treatments 

were surprisingly small. Against expectations, the ADL content of the diet was higher in the 

LSR- than the HSR treatment during autumn. This is probably due to the higher browse 

component from the LSR treatment during all four seasons. To a certain extent, this argument is 

supported by the seasonal variations i a ADL. During autumn, when the goats 

that of winter. 
University of Fort Hare 

Together in Excellence 

Diet composition during winter, as determined by oesophageal fistulated goats on similar 

vegetation (Raats, 1997), show that CP and NDF values are highly related to period of 

occupation. In the same study, CP in the diet was found to be significantly higher and NDF 

·significantly lower during the first 22 GBD/ha compared to the subsequent period (23-205 

GBD/ha). This corresponds with lower levels of NDF during the early days of sampling in this 

study, followed by an increase in NDF during the later observation days in the HSR treatment. 

The same trend in CP and NDF was observed in the LSR treatment, but only during winter and 

spring. During summer, the CP level remained high during the total period of occupation while 

NDF was initially low, followed by an slight increase and finally declined towards the end of the 
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experimental period. Dming the same season, NDF showed an increase, which was followed by a 

. clear reduction during the latter part of the expetit11eht. 

The results also indicate that the method of samplirtg does have a significant influence on the chemical 

composition of extrusa samples, but that these differences are relatively small. Significant differences 

(P~b.01) occurred in all seasons an~ in both stocking rates; CP (2 % points, LSR spring); NDF (5 % 

points, LSR spring and 6 % points, HSR sumt11er); ADF (5 % points, LSR autumn\ AOL (3 % 

points, LSR winter, 5 % points, HSR spritig and 4 % points LSR summer). Although tlo cleat trehd 

is visible, the majority ·of these significant 

treatment. A possible reason for this is t a 

en sampling methods occurred in the LSR 

stocking density ih this treatment, goals 

the multiple samples. However, this argumc-n1:- i.:,.-nu supported by the diurnal pattern of feeding 
. • . . . University of Fort Hare 

behaviour as discusses 111 sectton 4.3 rr h • E. ll 
. . .1 oget er zn xce ence 

4.3 FEEDING BEU.A VlOUR. 

4.3.1 Fcedii1g activities. 

The average proportion of the active feeding time speht browsing (grazing = 100 - browsing) during 

the mornings (07:00 - 11:55) and afternoons (12:00 - 15:00) for each season is shown· in Figure 15. 

From this figure, and especially during winter and spring in both the HSR- and LSR treatments, it is 

clear that a consistently larger proportion of time was spent on browsing durit1g the mornings than 

during the afternoon feeding sessions. On the other hand, during summer at1dautumn, these 

differences were not only smaller but in a number of cases, more time was spent browsing duringthe 

afternoon than during the morning feeding sessions. 'time spent browsing was significantly different 

(P < 0.05) between morning and afternoon feeding Sessions during all four seasons. 
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4.3.2. Species selection. 

The woody-species selection pattern changed during the four periods of the day, namely : early 

morning (07:00 to 08:56), late morning (9:00 to 10:56), midday (11 :00 to 12:56) and afternoon 

(13:00 to 15:00) in all four seasons as illustrated in figures, 16, 17, 18 and 19. These results 

indicate that when goats are first let out onto pastures in the mornings, they will initially feed 

unselectively, and later during the day start to wonder and become more selective. The results of 

all four seasons indicate selectivity to be the lowest during the early morning period, and the 

highest during the late morning and mi 

The winter and spring results indicate (SM) to be the most preferred species 

followed by Rhus longispinaovr ~Wt§tff ff • fffr it~GO) during all four periods of 

the day. This diurnal difference kP fan 1~c#-~ficant for all three species, Scutia 

myrtina, (P = 0.00), Rhu·s longispina (P = 0.00) and Grewia occidentalis (P = 0.04). Similar to 

winter results, the spring results also indicate a significant diurnal change; Scutia myrtina (P = 

0.00), Rhus longispina (P = 0.00) and Grewia occidentalis (P = 0.00) during the four periods of 

the day. During summer, the order of preference early in the morning was Scutia myrtina 

followed by Rhus longispina and Grewia occidentalis. During the late morning, the order of 

preference changed to Grewia occidentalis, Scutia myrtina and Rhus longispina, while during 

midday and late afternoon the order of preference changed again to Scutia myrtina followed by 

Grewia occidentalis and Rhus longispina. This diurnal variation in species selection during the 

different periods of the day was highly significant, Scutia myrtina (P = 0.00), Grewia occidentalis 
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(P = 0.00) and Rhus longispina (P = 0.00). 

Diurnal variation in species· selection during the four periods of the day was also observed in 

autumn. During the early morning the most preferred species was Rhus longispina while Grewia 

occidentalis was the most preferred during the late morning. Similar to early morning, midday 

was dominated by the selection of Rhus . longispina while the most preferred species in the 

afternoon was Scutia myrtina. These diurnal variations were also highly significant, Scutia 

myrtina (P = 0.00), Grewia occidentalis (P = 0.00) and Rhus longispina (P = 0.00). The results 

also indicate a significant difference in s 

Diet selection is a major determinant of t production through its effect on sward 

structure. The herbivore is ..,.,... ... ,"->-!.~~e4§l f_y 't!j .......... "' .. >... ~~ance of potential food items. 

What it actually chooses to eat {fi Rifeifi~)f @l{le €iron criteria which will alter as the 

relative quantities and qualities of items change (Pellew, 1983). Large differences have been 

demonstrated in the nutritional qualities and quantities of available food items between· season, 

species and plant parts of the same species. 

The rate of food ingestion, that is the foraging efficiency of the herbivore (Owen-Smith, 1979) is 

influenced both by plant structure and by the total time per day devoted to feeding. The 

nutritional quality of the diet determines the nutrient and energy intake, which after allowance of 

daily maintenance activities, may or may not meet the requirements for reproduction. 
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Diet selection may be viewed as a function of the preferences which would be exhibited between 

the individual components of the sward if choice was unlimited, modified by the degree to which 

the characteristics of the vegetation canopy influence the opportunity for selection (Hodgson, 

1979). 

Results of a study carried by Pellew (1983) showed feeding to be a principal diurnal activity. 

These results showed the proportions of day light hours spent feeding to increase during the dry 

season compared to the wet season. Pellew (1983) associated seasonal changes in diet and 

d species. 

The patterns of dietary habits indicate t pears to be a means of compensation for 

variation in local conditions,. T This small comgeqsatioq_ v.79uld be performed well. within the u n1versrty or .r orr 11are . 
physiological limits of each speciesf1@ tntsinuWi A ULR@. 
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CHAPTERS 

CONCLUSIONS 

Grazing ecologists have a wide .variety of techniques available to study the foraging behaviour 

of free ranging animals. Whichever technique is used, the basic requirement centres around 

obtaining a representative forage sample as ingested by the animal. In this respect, it is 

claimed that the oesophageal fistula valve technique is more versatile as samples are collected 

throughout the day. Furthermore, it's a 

areas having heterogeneous plant pop 

d e to the fore when sampling extensive 

• • c plants or plant communities. The 

• que under a wide range of conditions 

and not to benefit any one o e two tecl-m\q.uesffe er r . v· a However, due to the uniform n1vers1t)' 01 or re -
vegetation within the small (lhajn~ff'f~lff,.~,.g; v , l"lfa consideration should be given 

prior to the extrapolation of the present findings when these techniques are used in large 

grazing areas with heterogeneous plant communities. 

Though not consistent throughout the seasons and treatments, significant differences in grass 

content, CP, NDF, ADF and ADL were · found between the fistula bag and fistula valve 

techniques. In the absence of a "true" estimate of the diet, it is difficult to know which one of 

the two techniques is the most correct. The fact that in a number of cases in the present study, 

similar results were obtained from the comparison of the chemical composition of the bag and 

valve samples, the use of the cheaper and more simpler bag technique would be favoured, but 

it is not possible to predict before hand how well a specific technique would perform. 

However, indirect measurements of diet selection (behaviour and plant species selection 
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pattern) suggest that diet selectiott vat-ies ttiMldetabty during lhe day at1d wottld l~1erefote 

stttJpott the inUltiple sampling technique. B~~ed 6tt thi~ evtdehce, although hot cot1dusive, the 

results frot11 this study deatty sUlJ!Jod the ttitt1Hp1e sampling technique. 

As both . digestibility and dry tnatlet intake ate bMed 011 the composition of tt tepteset1lative 

forage sample, stnall errors iti samp1i11g cart tMU1t ltt Uttrentislic estimates of lhe quahlily atid 
I 

quality of intake of free tangihg animals. the sailie is trite in determining lhe planl species 

selection itt large heteroget1eotts plant cotrttntitiitlM. ft is thetefote important to Use the fistuta 

tural cohdiHons. One of the tnajot 

limitations . of the valve teduiique is • f individual extrusa samples and the 
• • 

problein of triaking up a cot1iposite ---- 1n this study, -all samples coHected 

from a StJecific goat on a strt{1fv1~g Hffl' mass basis. However, thts 

does not take into account dinlt'J '&1;/wr~fifgllra¥{trrom di ffereht'.~ plants, which is a 

reality. A suggestion which has since beert tMtM with great success ~t- Fort Hate ts to 

measure the active feeding time white the valve t~ opeh. tn this way, samples are pooled oh nrt 

equal harvesting time basis. Other titnitatiohs to the Use of the multiple sampling technlque hre 

ftnanciat and labour costs. 111 comparative studiM where these limitations tmse a ptob1ehi, the 

simplet fistula bag technique ·could be tH:ed. 

The choice of the tnost appt·optiate techhique will depend upon the goals of the reseatch ahd 

the circumstances under which the h1easttretrleht ate tnade ihcluding such considetaHohs as 
time scale of the study, grain of hetetogerteity, the availability of tamed animals, the welfate of 

the animals, logistics and funding. 
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CHAPTER6 

SUMMARY 

The objective of this study was to evaluate the oesophageal fistula valve technique in terms of 

its ability to reflect the daily forage selection pattern of free ranging goats. The evaluation was 

carried out over a period of four season (winter, spring, summer and autumn) and two 

stocking rates (HSR=24 goats/ha and LSR=8 goats/ha) in the False Thornveld of the Eastern 

Cape. 

The grass: bush ratio of fistula valve a mples together with observed feeding 

behaviour and species selectiqn pattern, formed ):lte. basis fqr the evaluation of this sampling u n1vers1ty or t·ort ttare 
method. Together in Excellence 

In terms of grass:bush ratios, inconsistent results were obtained and the difference between 
r 

techniques varied between seasons, stocking rates and period of occupation. Overall, the 

standard fistula bag method indicated a higher grass component ( 41 % ) compared to the 

fistula valve method (3 5 % ) but was not significantly different. When compared with time 

spent grazing, the fistula valve method (% DM grass) corresponds better (R2=0.73) with the 

observed feeding behaviour (time spent grazing) than the fistula bag method (R2=0.61). The 

largest difference (P > 0. 0 I) between the two techniques were found during spring in the high 

stocking rate treatment when the grass content of the fistula bag was 77. 46 % compared to 

49. 90 % of the fistula valve. Differences in grass content of up to 70 percentage points (P < 
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O. O 1) were found . between techniques on specific sampling days, especially during winter and 

spring towards the end of the grazing/browsing period in the experimental plots. 

The results indicate that the method of sampling does have an influence on the chemical 

composition of extrusa samples, but that these differences are small. The CP, NDF and ADF 

contents of the fistula bag samples were constantly higher than the fistula valve samples during 

all four seasons and two stocking rates. The only exception in this trend were found in the 

ADL content during spring and in the HSR treatment. When sampling methods were 

compared in each of the four seasons, 

(P < 0.01) and ADL (P < 0.05). Sam....rii ... ,~~~~-h :n-1. differed significantly in CP, ADF (P < 

0.05) and NDF (P < 0.01) while the was not significant when compared in 

the different stocking rate treatments • ty f F t H un1vers1 o or are 
Together in Excellence 

Feeding behaviour (time spent browsing and bush species selection) was significantly different 

(P < 0.05) between morning and afternoon feeding sessions during all four seasons. 

These results are also supported by those of the feeding behaviour (time spent browsing), 

where it was observed that especially during winter and spring in both the HSR- and LSR 

treatments, a consistently larger proportion of time was spent on browsing during the 

mornings than during the afternoon feeding sessions. On the other hand, during summer and 

autumn, these differences were not only smaller but in a number of cases, more time was spent 

browsing during the afternoon than during the morning feeding sessions. Time spent browsing 

was significantly different (P < 0.05) between morning and afternoon feeding sessions during 

all four seasons. The results also indicate that a larger proportion of time was spent on 
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browsing during the early days of occupation of a plot compared to the latter part of 

occupation. Based on this evidence, it is important that oesophageal fistula samples be 

collected throughout the day. Therefore, the fistula valve technique provides a more 

representative sample of the diet selected by free ranging goats as it takes into account the 

variation in diet selection through out the day. 

University of Fort Hare. 
Together in Excellence 
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Appendix 

Appendix table 1 (a) Grass component - veld condition score 

Appendix table 1 (b) Bush component- tree equivalent/ha, browsing units/ha 

and stocking rate 

Appendix table 1 (c) Percentage available and acceptable bush species 

Appendix table 1 ( d) Percentag 

Appendix table 1 (e) Number 

acceptable bush species 

f available bush species that are 

acceptable ann--n11-A~P. that are unacceptable 
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VELD CONDITION ASSESSMENT FOR EXPERIMENTAL AREA 

Appendix Table l(a) : Grass component (points 40000 m2). Veld condition 
score: 

SPECIES PLOTl PLOT3 PLOT 4 
Stocking rate HSR V :R" ~ffi R HSR LSR 
DECREASER % Yolo ~ % % % 

"""" 
--;;, 

Panicum stapfianum 6 f VID[" 
1 _ n1 •• 3 5 7 

Setaria neglecta 
LUn •~ 

_!:!!MEN 2 \ TU_Q__ J 
Themeda triandra 4 1~ • 1 7 6 1 6 
INCREASER '------" 
Aristida congesta Un1vers lty ot .Fort Hare 1 
Cymbopogon plurinodis 7 TogfJtli er in Excelfpy ce 4 
Cynodon dactylon 3 5 5 3 13 8 
Digitaria eriantha 40 21 30 24 28 26 
Eragrostis chloromelas 2 6 2 
Eragrostis curvula 3 2 
Eragrostis obtusa 1 2 
Forbs 3 3 3 2 1 
Karroochloa curva 1 1 
Karroid species 1 
Microchloa caffra 1 2 
Sporobolus africanus 3 1 
Sporobolus fimbriatus 30 34 37 27 16 23 
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Appendix Table l(b): Bush component- Tree Equivalents/ha, browsing units/ha and 
stocking rate (ha/SSU) 

SPECIES PLOTl 
Stocking rate HSR 
Tree equivalent 
per ha : current 2519 

Browsing units 
per ha : current 1379 

Stocking rate 
(ha \ssu) : current 1.5 

PLOT2 PLOT3 
LSR HSR LSR HSR 

2213 2817 3495 3147 

1316 1 ~ ) 1977 
- - 7 

--::. V ,,,";;-::-

LUMiNEI Bl Mus 

~

TUQ__ Ll.JMEN 1 

1.5 / 1.0 

University of Fort Hare 
Together in Excellence 

PLOT4 
LSR HSR 

1148 945 

979 540 

2.0 3.7 

Appendix Table He): Percentage available and acceptable bush species 

SPECIES PLOTl PLOT2 PLOT3 PLOT4 
Stocking rate HSR LSR HSR LSR HSR LSR HSR 
Acacia karroo 19.2 23.9 16.2 18.6 9.9 24.2 5.0 
Coddia rudis 13.7 12.7 20.8 20.6 44.4 18.2 15.0 
Ehretia rigida 6.3 5.6 3.9 4.1 4.9 3.0 
Grewia occidentalis 3.2 3.9 13.2 14.2 7.4 15.2 12.5 
Lippa javanica 4.4 6.0 5.1 6.1 5.0 
Maytenus heterophylla 5.6 1.3 1.6 1.5 7.4 7.5 
Olea europea 10.7 15.9 0.2 0.2 2.5 
Rhus longispina 12.4 13.1 8.3 4.9 6.2 15.2 10.0 
Rhus refracta 1.5 4.6 2.1 2.6 1.2 6.1 2.5 
Scutia myrtina 14.2 11.9 10.3 8.6 12.3 9.1 15.0 

LSR 

1658 

1392 

1.4 

LSR 
34.5 

3.6 
25.5 

1.8 
10.9 
9.10 

1.8 
1.8 
1.8 
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Appendix Table l(d): Percentage available and unacceptable bush species 

SPECIES PLOTl PLOT2 PLOT3 PLOT4 
Stocking rate HSR LSR HSR LSR HSR LSR HSR LSR 

Aloe ferox I.I 0.3 
Diospyros lycioides 8.3 6.9 4.5 5.1 2.5 10.0 9.1 

Diovyalis caffra 0.1 3.0 
J asman angulare 2.1 I.I 
Protasparagus 8.6 8.1 0.60 
Rhus andulata 0.3 0.2 
Rhus dentata 0 I I 2 

""' -- [?"" i IN Vlo"f" -
Appendix Table l{e) : Number and 1>1 e- ,~M vailable bush species that are 

\·~Litiml~ Hm~ceJ acceptable an11 ... unacceptable 

u· n1vers1 -~ vO fF tH or are 
PLO'f<1gethe1 r.iin<fttaellencE ,PLOT 3 PLOT4 

Stocking rate HSR LSR HSR LSR HSR LSR HSR LSR 

Available\acceptable 
No: 1441 1402 1816 2362 78 32 29 50 

%: 91.4 93.0 83.2 84.0 96.3 97.0 72.5 90.9 
Available\ Unacceptable 

No: 135 105 367 449 2.0 1.0 11.0 5.0 

%: 8.6 7.0 16.8 16.0 2.5 3.0 27.5 9.1 

TOTAL 1576 1507 2183 2811 81 33 40 55 

Veld condition assessment was done according to the methods described by Trollope (1980) 
and Foran, Tainton and Booysen (1978), adapted for the False Thomveld of the Eastern Cape 
(Danckwerts, 1981). · • ~r~, 
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