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Q u. -ll 1 !o n o

Ownets and herders mvolved in tradmonal livestock productlon systems supplement the fodder
available to their small fivestock herds dunng the dry season through the lopping of tree. |
branches (Sahel reglon - Devendra 1989-, Nigeria - Devendra 1989, Atta-Krah 1989, South—eaSt
Asia - Devendra .19'873.) and the cutting of grass from protected areas (such as roadsides -
Devendra 1987b). These practices are aimed at improvig the survival rates, increasing milk
and meat yields and draft power of livestock (Devendra 1987a). The provision of high—pro.teih' -
o or molasses concentrates is- comrnon in other areas of Africa, but the commonest method, and
the only-one available to the poorest rural stoek—owners, is the provision of crop resxdues or |
natural forages such as grass and tree foliage. A wide variety of herbaceous and woody species
are used, grasses are cut and and woody plant fohage is lopped from trees, providing relauvely
- nutntxous fodder during lhe dry season. Legummous species are parucularly suitable -for use as
dry season fodders in semi-arid to and regions, since they supply relatively high concentratlo_ns_
of protein at a place and time m which most vegete&on is nuirient poor (Atta—Kreh 1985).

Cut-and-carry browse supplementation had not been properly documented in southern _
Africa. Because much of southern Africa is semi-arid or arid, fodder quality is often I_ow,
parﬁeularly during the n:lr)r season. Woody foliage lopped by herders may benefit animal
production by impmsing the quantity and qoality of fodder available to livesbock. Limitaﬁons
on and methods of improving browse supply in rural areas could be identified only if f.he
relative 1mportance of various browse components in livestock diets had been established for
southern African savanna rangelands

Although the general importance of browse to hvestock in savanna rangelands is well- -
documented (Rees 1974, Aueamp & Danckwerts 1986; Aucamp et al, 1986, chko & Sangare
1986, Schwartz et al. 1986, Devendra 1989) few studies have quantlﬁed the relative utlhsatlon
- of browse components (such as standmg browse, supplied browse, leaf htter fruits, ﬂowers, _
bark). Owen-Smxth_ & Cooper (1985) had quant;ﬁ_ed some of these contributions for kudu,
impala and goats in a northern Transvaal nature reserve, and du Toit (1972) and Teague (1987,
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Manuseript

- The cnntrihution of browse to the late dry season aud early wet season diets ot‘ cattle and

goats in a cummunal area of the eastern Transvaal lowveld

' Abstract _
The contribution of brow.,e and grass to the diets of catﬂe and goats way assessed in relauon to
the total biomass of woody foliage and gmss available in the study ared. vae.stock made less
- use of bmwse during the dry season than was shown by studies opnducted in the Sahel and
Nyisvley, ncr_thei‘-n. Transvaal. | | | | | .. _
| Goats fed more selectively, utilised newly flushed foliage more and fed upon a greater | .
variety" of woody plant species than did cattle. Brow_se conttibute more to g‘dat diets than to
| _catﬂe diets although goats were less often supplied with broWSe' For goats, feedihg on 'statiding -.
'_ browse, supphed browse and leaf htter occupied 34, ‘7 % of obsewatmn time before the
tree/shrub flush and 8.3 % post-flush; for cattle the contributions were 14.7 % and 5.8 %, |
- respectively.- Fruits, flowers and bark were utilised only during the pre-flush peried and only by
goats. Goats spenf sighiﬁcantly more time grazing and more time browsing than did cattle
dﬁﬁng the post—ﬂush_ period, Ag&ve sisalana (sisal) contributed to cattle .d_iet_s during the pre- -
_ ﬂush and post-ﬂush peﬁods-, ?md to goat diets during the pre-flush penod
Si_nce' relatively little standing woody- fdliage is'-abcessiblc'tb th_é animals (16.6 % .pre—

flush and 30.7 % post-ﬂush. of the wet season maximu'm), lopping of woody foliage by herders
substantially increases the amount of food accessible to _livéstock,_ and supplied_ brbwsé was
'eaten wherever it was encountered. Aerial cover of grass averaged less than 20 %, grass |
biomass less than 120 ngM ha! and biomass concentratlon of- grass less than 553.5 gDM.m"

for catena toplands, catena bottomlands and drainage Ime thlckets

The low contribution of browse to hvestt)ck diets during this study was due fo the

scarcity of accesmble palatable forage, exacerbatexd by the late flush on woody plants. In
addmon, local people harvesung live wood. fur fuel may compete w1th foragmg livestock. To



increase the supply of food fo:r Ilvestock further the Iollowmg pracnces could be enoouraged '

storage of woody fohage htter untﬂ the late dry season, use of chemcals to increase the -

nuttitional value of poor quahty browse and estabhshmcnt of wooﬂlots of palatable, perhaps -

_ legummous, evergreen wnody specms for use as hvemwck fodder, L -ff

Additional index words: rangeland, tree fodders.



| lntrnducﬁan | o o
_ ' Smce there is 11tt1e new growtn of grass dunng the dry scaaon m senu-—and savannas, the quahty ) N
| and quantity of grass matenal available to herbwores decreases with the progressmn of th& dry - ;
season. Consequently, the woody fohage nesource of cleclduous savannas is particularly valuahlel.'
- to livestock during the dry season (Wilson 1936), and the contribution of browse to hvestock _
diets :mcreases durmg the dry season (Owen-Smuh 199‘2) Although woody plant fohage is nften | |
ncher in protein than that of grass, it tends to contam chiernical compounds which deter feedmg_
by fﬂminants, epsecially where ztgrows in nuirient pdo;‘ soﬂs (Owen—Smith & Cooper. 1987b).
Owen-Snuth & Cooper (198'7a) have suggestad that browsers and mixed-feeders are better able "
o make usc oi hxghly defended woody plant fohage than are grazers. ' '

Mlxed stocking with cattle and goats or sheep is common in communal areas of southern -

Aftica. 'Mmed browser—grazer systems can make better use of forage resources in savanna areas

' (Aucarnp & Danckwerts 1986; Aucamp et al. 1986). Cattle are tradmonally regarded as grazers
and goats as 1mxed-feeders,_ but in the study area_ cattle have been observed ea_tmg browse |
supplied fq them by herders (C.M. Shackleton pers. comm. PO Box 7, Klaserie 1381). Because
of their smaller size, goats require less food thau do catile (Foster & Coe 1968 cited in

* Bunderson 1986), althbugh thcy require moi:e foo& relaﬁve to their body mass, Goats feed more

' selecuvely with regard to the plant species and plant parts they chooae than do larger ruminants: |
(Hoffman 1973 cﬂbd in Tainton et al. 1989).

In serru—and and and savannas, dry season leaf fall increases the accessibility of tree and
shrub foliage to ungulates, as standing foliage biom_ass‘ decreases as leaf litter bi_o_masé increasés.
The conti-ibutioxi of browse to goat diets at Nylsvley, northern Transvaal, ranged from 75 % in
the wet season to 95 % in the dry season, & major component «f which was leaf litter (Owen-

- Smith & Cooper 1985). D:ckc & Sangare (1986) found that Sahehan cattle and goats on
rangelands in - Mali browsed for about two-thirds of their total annual foragmg tlme. Accordmg
to Rees (1974), cattle in the miombo woodlands of Zambia obtained over one-third of their
energy requirements from standmg browse between August and October and gaued enough

protein for a 0,20-0.75 kg, day‘ increase in live welght



Tree and shmb fodders may be offered to anitnals in foragmg areas or used in
enclosures at night (Devendra 1987a, Atta-Krah 1989) The cut-and carry system often a]lows |
higher weight gains among livestock than does an_extenswe ranching system without - '
supplementation (Devendra _.-198:’7a). The contribution of sﬁppliéd browse to the dry season diets

“of Catﬂe and goats in pommuhdl iénds of semi-arid regions of southern Africa had not béén |
documented. Moreover, ‘most studies of browse utilisaticn have failed to distinguish'the
| utthsatlon of standing fohage and twigs from that of leaf litter, fruits, ﬂowers or bark

The aim of this study was to assess the contribution of the brawse resouroe, mcludmg

supplied browse, leaf litter, fruits, flowers and bark, to the late dry season and eatly wet season
| diets of livestock in the communal lands, and to identify the browse species preferred by |
 livestock éi’un‘_.ng these periods. The pre—ﬂuéh period was defined as that period before either_the'
grass or woody plants began to flush. The post-flush period vas defined. as beginning when at
least 50 % of woody plants had flushed. |

Study area _ _

Timbavati communal land in the Mhala distzict of Gazankuly ié appriximately 740 ha of
.éfommunal land which has been zoned as sach for at least 15 years. Since scattered homesteads
exmted before this, utllxsatlon of plant species for fuglwood, oonstructlon livestock fodder and
other purposes has probably been taking place for a considerably longer period (Snackleton
1993). The most abundant livestock specles in the study area are cattle, goats and chickens,
with smaller humbe_rs’ of pigs and donkeys, The stocking fate of cattle is 0.862 LU.ha? (Parsons
1991) - substantiatly higher than the 0.125 LU.ha* suggested for as an "economic optimum" for
commercial ranching (van Hooven, cited in du P. Bothma 1989). Stocking densities of other
fivestock specles in the study area are unknown. _

_ _Th"e study area falls into Acocks’ (1988) Arid Lowveld According to Edwards’ (1983)

classification, the vegetation physiognomy i.§ short sparse woodland. Soi_ls are derived from |
" archaean granite and gneiss, and undulating catenal sequences are formed on the granites

(Young 1976; Witkowski 1983). The topography is a series of low, géntly sloping hills



Interspersed with 'dra'inage Wlines The catenia 'toplands are characterised by a rather reguiar "

| distribution of mature bclemcmya birrea and P:emca:pus angolensis trees; soils are shmlow

nutrient poor sand lithosols (Scholes 198'7) Bottomlands are dommahed by the shrubs Maytenus .

. senegalenszs and Euclea dxvmomm and some maturs Strycknos madagafcaﬂensw, their soils are
deeper, nutrieni i f'her clays (Scholes 1987). There xs some evidence of both sheet and gully
erogion in botlaomland areas. A perched Water table may lie at m]d—slope, rcsultmg ina seephhe |
 characterised by a narrow bzmd of hydromorphlc grassland thh a bemd of Temunalia sencea .
upslope ‘Drainage lmes are t]nckly vegetated with shrubs and trees |

Aecordmg to Parsons (unpubhshed data), the two dominant grass species in the study

-~ area, in terms of basal area, are: Perotis parem and Digitaria erzanrha and toplands support

90.3 % Increaser Ila grasses, whereas bottomlands support only 51.2 % Increaser I and Tz

| grasses Accerd!ng to van Oudtshoorn (1992), D, eriantha is palatable, whﬂe P pa:ens is

' _unpa]atable. | _ _ _ _ _

- Mean July-June rainfall fo: the years 1980/81 -1991/92 was 54’? mm (SD = 135 mm),
75 % of which (457 mn1) was received durmg the summer months (October to March) Durmg
1991/ 1992 347 mm fell in total with 308 mm fa.llmg clurmg the wet season months, Thus,
1991/ 1994 was & below average rainfall year. Durmg the first four months of the 1992/1993

wet seasoﬁ (October to January), 548 mm fell. 484 mm fell.in_Deacember and January alone, -
while the first two montﬁs of the wet season (October and NOVember) had below average
rainfall, mos; of Whlc]'l fell in the form of very light rains. During the study penod grass began

~ to flush early in October, while the woody flush only began about a month later,

Pmcedure
All samphng was stratified accordmg to three landscape units catena toplands, catena
bottomIands and dramage ling thickets. Toplands were ‘defined as the area above the T. sericea
band, and ‘bottonilands as the area below and including, the 7. sericeq band The sampling -
periods were based upon-_woody plant phenology, so that they fell into the pre-flush and early
leaf flush periods. The pre-flush sample began in the'second week of September, when neither
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 grass nor Wmdy plants had ﬂushed Plant phenology was assesseﬁ at regular mtervals after the
pre-ﬂush sample, using a belt transeCt ata randomly determmed posntmn in each Iands..ape unit.
" The transect was 10 m wide, and lcmg enough to contam 100 woody plants. Each woody plant
in the t_ransect was designated as: (a) not flushed: no apical buds or_young leaves noticeable, (b)
“budding: apical buds rioticeabfe bﬁt no niew leaves or (c) flushed: apical buds andfor.'ngw leaves
~ present. The_ pqueﬂnsh'sampﬁng peﬁad _was. to begin when more than 50' % of the wdody.plams
in one or more landscape units had flushed. Sampling in fact began when 62 % of the woody
plants in the toplands were flushed, 29 % in bottomlands, and 33 % in drainage line thickets.
The browse fesource was defined as the total amount of fohage, edible small twigs (< 1
em in dxameter), fruits and flowers present t-)’x;trees and shrubs, and on the gmund Food
 categories. were defined as fol]ows y '
| | Grass all feaf and stem’ mate.nal on grammmd plants
--Standmg browse; folinge on woody plants.
| Acce.s'sible standing bmwse woody plant fohage less than 1. 5 m above the ground
" Bark: bark of standing or dead wood. '
Legf liter: woody plant leaves, small tmgs (< lemin dlameter) and flowers on the ground
Attached fruiis: froits attached to woody plants, | |
Detached ﬁu:ts fruits on the ground. _
Supplied browse: Ieaves, tw1gs and branches lymg on the ground whmh had been delibarately
cut by stock-owners or herders for the purpose of feeding livestock or dehberately left on the
~ ground after fuelwood harvesting, | - |
Dlsmbution-free (non paramemc) methods for statistlcal analyms were used th*-:. out,
since no data conformed to a riormal distribution. The statistical package S_YSTAT (version 5.0) |

Toral grass bicmass _ _
Grass availability was sampled by 25 quadrats (50 cm x 50 cm) placed at 10 m intervals along
250 m line transects. A grid was laid over an zerfal photograph of the study area, and sample



‘blocks were generated randomly for each o_f. the three Iandscape units (catena toplands, catena
bottomiands and drainage ﬁne‘ thickets) until five blocks per unit had been selected. ‘This

. process was repeated for the post-flush period.

For each quadrat the average grass he1ght (in 5 mm clahses) and aenal cover (in %
classes} were recorded. In every fifth quadrat, all grass matgnal was clipped to ground or
stubble level, Clippings were oven-dried for 3 days at 50°C and weighed (to the nearest 0.0001

g). Bmmass coticentzation is a measure of the "physical architecture” of the grass sward, and
influences its forage value (Shackleton 1990) Grass biomass concentratmn was determined for
each lal.dscape umt using data from chpped quadrata. grass biomass per cublc metre (gra.ss
hmmasa concentration) was calculated by conversmn of grass blomass and AVETAEE grass he1ght -
per quadrat to correspond 10 a cubic metre volume; -these values were then averaged for each
landscape unit durmg gach study period.

- Grass height, cover and blomass of clipped quadrats were. compaxed between landscape
units.and between sampling periods using the Kruskal~Walhs test, and the a pos:enon method :
for multiple comparison described by Zar (1984:199-201). This test was used because the
multivariate ANOVA malcés_nd provisions for aposteﬁéri identification of signiﬁcaht_

j diffemnt:es in data Set's’ However, the Kruskal-Wallis test treats all variables ‘a8 independent, |
and 1gnores dependenoe between dxffemnt behaviourat vanables and between different seasonal
variables, thus providing w8 which should be mterpreted with cautmn N

To predlct grass biomass from the more easily measured parameters of pei‘ceﬁtage aerial =
cover and average grass height, linear régressions of the product of percentage aerial cover and
average grass height (height:cover index) on dry mass of grass were performed for clipped
quadrats. If the regression relationships were strong, then these equations would be used to
calculate biomass values for unclipped quadrats, A genera]iséd_ regression equation was obtained
using data for all landscape units and bath sampling periods together.. Reg'ress'idn equations were
-also derived for toplands, bottomlands and drainage line thickets for each sampling period, and
for both sampling periods tdgether. All other regression equations were tested against the
generalised equation using ihe method of Zar (1984:292) to .determiné whether different



equations should be used for different landscape units of for different seasons. .

o To:al and accessible srandmg leaf biomass

To caiculate the maxzmum standmg Iea:f bmmass during the wet season in the study area, woody
stem czrcumference and den_s:ty_ data were obtained from Shackleton (1993). Ste.m mrcumfereuoe
was ‘used to derive total leaf biomass (as dry mass_) per plant, using the regi'ession .eQUaﬁon :
formulated by Barnes ef al. (1976) for ;?oio?hospemum mopane. Available standing biomass
was alI'Ieaf maﬁﬂﬂi‘ﬁ%&iﬁtvgnathe'plam.duﬁng a study period. A. ocessible standing Ieaf
biomass was all avaﬂabie material w1tl~m reach of hvestock Thus, the total standmg Ieaf
B oot Alverduy sl _
‘biomass was dmded into avaiiable and imavaliabl_e _ d accessible and 1naccessi le portiorns fpt _
_gach sampling period, | I |
~The proportion of foliage present on the plant (avaiilable; fraction) at fhe'tirﬁe of sampling
g was estimated visually in relation to thé wet Season n‘iaximuin The pr‘aporﬁbn of this foliage__'
mass which was accessible to hvestock (acce.asible fraction) was also v1sua11y cstxmated in
relauon to the vertmal extent of the woou plant canopy for plants of each species and sizé
-¢lass. From prehmmary observatlons of the fseding behaviour, it appeared f:hat the average
maximum height to which goats and catue could reach was 1.5 m; therefore all leaf material
above this level was considered inaccessible to fivestock, _
| These analyses were carried out for all woody plant specieS which cont';ibuﬁed 1 % or
more to the total number of stems in the study area, plus all those species eaten by i;_ha livestock
_c_luiing sampling, plus those woody species identiﬁed by herders as ﬂldSt often cut for livestock.
Data on stem density were not available for uncommoﬁ swcie# such as Acacia germrdii, A
swazzr.a, Carissa bispinosa, Maerua angolensis, Ficus thonningii, W;chzlia emeuca and

Xan:hocems zambesmca

Abundarice of quf l:rter
Leaf litter abundance was sampled by four quadrats (50 cm X ¢ 50 cm}) placed xmder the canupy
of each of trees of various species. Four quad_rats_ were sampled per tree, and eight fo ten trees
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 of various sizés were sampled per .speci.e's. Leaf litter biomass pé: unit area under canopies of "
 cach species was caloulated. |
. The set of six species which made up 86 % of the total stems in the study area
{Shackleton 1993), plus other species whiéh were judged to pi:nduce__la_rge amounts of leaf litter
in the areas where livestock feeding was concentrated, or whose litter appeared to be p_referred
l.':uy' ﬁ;restpck, were :samPled...The set of species sampled'was:' Cassia petersiana, Diclirostachys
| cinerea, Diospyros.mespi'ly‘bnﬁis, Lantaf.a camara, M. sénegdlensis, Peltoﬁhorum africanum, S.
birrea, S. m'adagascariens'is, T. seﬁcea and quhbcercis zambesiaca, Linear regreSSions of leaf
- litter bioﬁass on stem circumference showed no significant relationships hetween these two
- _va_riable's for all the woody species sampled. Leaf litter bioriass under canopies'was tested for
signiﬁcant differences bctween t_hé samp]ing periods using the ':Mann-Wh'ithey U test. To ensure
 that stem citcumference of the particular plants sampled did not bias the leaf litter -
measurements, stem circumferenc_e data sets were also tested for significant differences between

the sampling peridds;- none were found,

Livestock foraging béhdviour

Observations were carried out between the time livestock were let out to forage and the time
that they were herded home (approximately O7h3_0 to _16h30);' Five dbservatian days were
devoted to cattle and to goats during each sampling period. Bvery 45 minutes, a fifteen minute
period was sampled (a sampling bb‘ut). A feéding bout was defined as the time period spent |
feeding on an individual plant(s) of a bertain species. The following data were recorded for each
~ feeding bout during each sampie: length of feéding bout, number of bites taken per bout, food
category and species eaten if a woody species or Agave sisalana (sisal). -

A rough visual estimate of bite size {in terms of the number of. leaves per bite) was -
made for all woody food species and for sisal. The average bite size for animals feeding on
 grass was estimated as mass per hite, in order to calculate the dietary -contribution, hy time and
by mass, of each food j:nlant {see Appendix). It should be noted that bite size of grazing animals
is very difficult to estimate in the ﬁé]d, and therefore should be treated as a rough
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* approximation and interpreted with caution, A sample of 20 leaves of each of five waody plant
species was collected, dried as for grass samples,_ an.d weighed. Food species werc then placed.
into leaf mass categories'#.ccording_ to these data and Jeaf mass daté from Cooper (1985). The
mass ingested pe.r bite, the total amount eaten per Iive_zstqck speciésiper sampling period and the |
dieta‘r); oontribufion by mass of each species was calculated, ':Da_!a were analysed using the
Kruskal-Wallis test, and a posteriori tests for significance followed the method of Zar
{1984:195-201), Tms method Presents the same problems as were dascnbed for analys:.s of the

grass cover and biomass data sets,

Woody species preﬁrence maas

Preferred woody plant Spccxes ‘were 1dent1ﬁed by means of preference ratios (Pemde's 1975)

Plant species with a preference mdex of greater than one were actively selected by fmagmg _

livestock, while those with ratios of Jess than one were consumed in proportion to tlneu' |

_ abundance in the landscape, or less. For these ca]culatmns, values for accessible standmg leaf
' mass as described (under "Total and accessible standing leaf mass") and estimates of dietary -
contribution by mass (under "Livestock fomgiilg behaviour“j were used. For woody p]ani |

| species, only litter and standing foliagc which was at or below the maximum fea.ch :D_'f'.the .
livestock was considered accessible and includec in the calclation of preference ratios. Al
grass material above'stﬁbble height was considered accessible to livestock. One of the |

| limitations of this method of identifying preferred food species are that for uncommen species,

preference ratios are artiﬁcialiy high, and for common species, aitiﬁ_r_.:ially'low, o

Results

Total grass biomass B _

Toplands were generally better covered, Iand supported greater grass bibmass than either
bottomlands or dramage lines, although these differences were not all significant (Table 1) In
toplands and bottomlands, both grass cover and biomass tenided to be higher (not mgmﬁcantly),

dun_'mg the pre-flush period than during the post-flush penod. In dramage line thu_;kets, cover



L
and biomass tended to be lower duting the pre-flush pesiod than during the post-flush period. -
_ Grass biomass in toplands was greater (p < 0.05) during the pre-ﬂush-peﬁod than |
durmg the pt)st—_ﬂlish per:od ‘Since some light rain fell during Sepfember, grass regrowth begin
eaﬂ_ier than woody foliage regrowth, between the two sampling peﬁods, .Sihoa only the 'topla_n.ds'

: 'had. significantly different grass biomass values for the pre-flush and post-flush peﬂodﬁ, less
regrowth of grass or more. grass consumption by fivestock must have occurred in toplands than
in either of the other landscape units. Biomass concentration of grass in topland areas was |

_substantially higher than that m either bottomlands or drainage line thickets, and was also
higher tluring the pre-flush period than dudng the pdst—ﬂush period. Results obtained from the
use of the i(ruslcalQWaliis_ tesf -sﬁould be interpreted with c&iutio_n, singe interactions between |
ndh—iﬂdep’endént -variabies are :ignored', ‘namely that between.me seasonal variables, "pre-flush" .

~ and "post-flush”;
Insert Table i

A‘thnugh the grass cover r and biomass data were non—normally dlstnbuted neither square
root nor reciprocal transformations lmproved the shape of the residual plot, Thus, the regres'non -
equations denved from untransformed data were considered to be the most accurate. The
generalised helght cover - biomass régression equation was s:gmﬁcantly different from the
regression equatlons ﬂ)r gach landscape unit seperate]y, using data from both sampling penods
the equations derived ftom data for one sampting period enly were not significantly different
from the. genéralised eﬁntation Regression equations for each léndscapa ﬁ'nit are as fbllaws; :
Bottomlands Grass biomass womozsmn = 0,003 (average he:ght way X aerial cover ) + 0, 650
(n =50, p < 0.0005, R® = 0.488, R? adj, = 0.477). -
Drainage line thickets: Grass biomass yompzsms = 0.007(average height ., X aerial cover )
+0.218 (1 = 50, p < 0.0005, B* = 0.601, R adj. = 0.684). "
Toplands; Grass bxomass @omozmy = 0. 004(average height .., X aerial cover VI 0 922 (n
= 50,p < 00005 R = 0,392, R* ad adj. —0379)
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In these équ#tions; R.“Ehdj. represcnts thé '-coefﬁciént of détéﬁninaﬁon- -adjuSteci.fof Samplfe _ |
size and the number of predldlor vanables used in tiie regressmn. These COBfﬁCants of - |
denermmatxon were judged to' be too low In allow the equations to be used for predlctwe |
purposes (see Boecklen and Gntem 1984), 50 b1omass data for chpped ﬁ“ladrats mly was used
in subsequent analyses,

Total and accessible sianding leqf bzamass
~ 'The accessible woody fo]xage fraction was 16.6° % (pre—ﬂush) and 30.7 % (post-flush) of the o
' maxmlum siand.mg leaf biomass, However, the majonty of the accesmble stariding foliage
bmmass present m the study area dunng the study period was of low nutritional value: togeﬂler, :
- Lontana camara, ‘which ; is toxic (van Wyk & Malan 1988) and M senegalensxs, which i is not
hzghly palatahle (see Owen—Snmth & Cooper 1987b) made up appmxunately N0 % (pre-ﬂush)
~and 50 % (post—ﬂush) of the accessﬂ)le standing Ieaf bmmass The rema:mng specles made up
28 k],DM.ha‘ (re-flush) and 207 ngM ha (post-flush). 7. sericea, a dormnant woody |
) _ specles, accounted for 61, 6 % of the total stems in the study area, and standing foliage was
| ~ abundant post-ﬂush However, standmg foliage of T. sericer wag complebely unavaﬂahie dmmg
- the pre-flush period, due to leaf fall, and its litter was scarcc, pmbably due to consumptmn by
livestock prior to the study,
Mariy specimens of D. }neSpiZ#'annis; P angolensis, S. birrec and §. -madaga&.cariemis.

in the study area had minimum canopy heights greater than 1.5 m, 5o that little of the estimated
- wet season maximum standing foliagé:was ever accessible to the livestock. Statisticai _
comparison of standing leaf biomass in dlffe]‘el'lt landscape units was not possﬁ:le because
Shackleton’s (1993) samphng was not stratlfied into landscape units.

Insert Table 2
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 Abundance of leaf lister | | o
The abundance of leaf htter urider canop1es of common h'ees and shrubs i is shcwn 1n Lable 3.
Cassia pe:ersmna, D. cinerea, L. camara and P. qﬁ'acanum, winch are common SpeclBS, had no
~ litter remaining beneath their canop:es durmg the sampling permds Xamhocemis Aambes:aca, '
‘which ig relatively rare, but is eaten by livestock whenever itis accessxble, had no htter dunng

the study, almost oertauﬂy because of consumptmn by livestock.
- Insert Table 3

| 'I‘he stom cimﬁmferences of the sets of trees under which leaf litter was sampled was not
- significantly different between sampli'ng penods, indicating that leaf litter biomass comparisons
. are ndt.confoundéd by the stem circumferences of the plants sampled. All the species
| _ investigated, except D. .mesﬁiiijbnnis, provided more litter during the pre-flush period than
during the post-flush period, This difference was significant for S. birrea and 7. serices, which
hiad more litter under canopies during the pre-flush period than during the post-flush period, In
- total, a_lmosf twice as much litter was available during the pre-flush perioci than during the poSt- '
ﬂush period, suggesting that litter ha& been dispersed by wind or trampling or consumed by |
-1ivestock between the two sampling periods. Diaspyras mespiliformis was the orﬂy- woody
species which provxded more htter during the post—f.lush period than durmg the pre-flush period,

probably because this speczes loses its leaves very late in the dry season.

Livestock foraging behaviour _ | _

. Goats spent significantly more time grazing than they did browsing during both sampling
periods (see Table 4). Goats spent significantly more time grazmg than did cattie duﬁng the
post-flush period. The resuits obtained from the use of the Kruskal-Walfis test should be
interpreted with caution, since interactions between non-indzpendént vaﬂabies, such as "pre-
flush® and “post-flush" and between the four hehaviours, “grazing", "browsmg" "feeding on |

sisal" and “mactmty_" are ignored, These_ interactions may have produced sig'niﬁca_nt results,
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ﬁuring bbsei’vati.ons, cattle aﬁd goals iOgether spent 82 % of fheir tim_e in tﬁplands:, 15
% in bottomlands and 3 % in drainage line thickets. These values are roughly proportional to
the extent of :these Iandécapé units x‘n‘ the study area '-(apprdximateiy 65 % toplands, 25 % -
‘bottomlands and 10 % drainage line thickets). | | |

There wete no significant differences betwcen the ntthsatxon of d1fferent Iandscape units
~ for either cattle or goats, but this is likely o be a function of sample sm - bottomlands and
drainage line thickets were relatively little utilised, particularly during the post-flush period.

Insert Table 4

Dietary contributions (Tables 5a and 5b) are expressed as percentages of the total diet
mass (% mass) <of the total nbservation time (% time). Both catdle and goats fed frim
greater number of woody species during the pre—ﬂush period than durmg the post—ﬂush period.

The macoesmble portion of standmg wuody fohage was large relative to the accessible portion -
-during both samplmg periods, J.ndlcatmg that there is potential for mcreased lopping of foliage

. by herders. No fruits, flowers or bark were eaten by cattle, but goats ate M. gngolensis ﬂoweré

and detached fruits of S, madaga.maﬂensi.s Bark ot‘ an- umdennﬁed species (fuelwood lymg in

the lands) was also eafen by a goat.
Ingert Tables 5a and 5b

Woody species preﬂmnce ratios

Preference ratios were not calculated for those wondy species for which stem denmty data were -
not available; in addition, Specws which were supplied to Tivestock by herders were excluded
 from the preference analysis because their abundance in the' study area was not represe_ntative.of'
their actual availability to livestock. However, it should be borne in mind that the supply of
foliage by herders could have affected food selection by livestock and therefore the preference

| rankings of other food species.
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Insert Table 6

o | ﬁuﬁng the pre-flush period, the pfeferred food plalits for eattle were-'-P | curateflifblia,
followed by grass ('I‘able 6). Por goats, C. aethmpzca, grass and E. divinorum were preferred
above all other species. For both cattle and ggats, combmed grass spec1es was the preferred
food during the post-ﬂush.penod. Parinari _cumtellgfolia ran}:ed _second in preferenoe for goats

- during this period (Table 6). With the exception of E. divinorum, all of the food plants

w481 oned above h‘ad very high preference ratios, indicating that they were relatively rare but - |

palatable to livestock, E. divinorum may have been hlghly preferred by goats during the pre-
: ﬂush penod but this is not reﬂected in a high preference ratio for this species, due to its

abundance Similarly, C. aethzop:ca and P. curatellifolio appeared to be highly preferred above -

| all other spec:es, but this may be a function of local rarity (< 1 % of accessible standmg |

bmmass in the study area) ratﬁer than of the hlgh quality of their fohage

Leqf litter and supplied browse
: ._ Leaf litter contributed more io goat diets during the pre-flush perlod than durmg the post-flush
period, and more to goat diets than to cattle diets during both sampling periods ('I‘able 7). Litier
" made very little contribution to livestock diets -.-l_uring the post-flush periocl;' The 1nu6h-u'ti1ised
litter species are S. madagasmﬁensis and X. zdmbesiac& .Tﬁe low litter biomasses of §.
madegascariensis, T. sericea and X. zambesiaca present under canopies during the study
indicate thet leaf litter of these species may be preferred by livesto_ck when it is available du_ring
Jeaffall, o
The contnbunon of supphed browse to livestock dxets was highest for cattle dun.ng the
pre-ﬂush penod In general supphed browse contributed more to cattle dlets than {0 goat diets,
and_ more during the pre-flush period than during the post-flush period. A greater variety of
gpecies were sapplied to geats (5 species) than .te cattle (3 speeies), although there were more
 occurrences of fohage being lopped for cattle than for goats cmus spp were frequently

| suppked to cattle dunng both sampling penods -
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Insert Table 7 |

Discussion =~ o
The contribution of browse to goat and cattle diets durmg thls study is smail compared o that
found by Rees (1974), Owen-Smith & Cooper (1985, 1987a}, Dicko & Sangare (1986), Atta-
Krah (1989). The contribution of leaf litter and fruits to livestack diets in this study is low-
relative to that found by Owen-Smith & ‘Cooper (1985)' The reasons for this finding may lie
with (a) oondmons during the smdy year, pamculaﬂy the magnitude anf‘ timing of ramfall the |
timing of the tree/shrub flush in relation to the grass flush, and the hm.ug of the study after leaf
fall and the disappearance of a large proportion of leaf littet; (b) the abundance and quahty of
the woody plant resonrce :eiati_ve to those of the grass resource during the lpré-ﬂush_and poét_
flush periods. - | -

szilabzluy and accembzlny of bmwse componems _ _
' Because the canopms of many woody specxes were completely out of rcach of livestock, a 1arge
part of the standing woody foliage resource was inaccessible to _hvestocki This is, at Jeast in
part, due to the active selection of intermediate size classes of trees and shrubs by people
harvesting fuelwood (Shackleton 1993), resulting in a high proportion of 'specimens' of these
' _speciés beihg_ concentrated in the very small (recruits) and very la:ge (mature) size classes
(personal 6bservations). In addition, a similar minimum canopy height or "browse line" appears
- among most mature individuals of several woody species in the study area, indicating that |
livestock feeding has impacted the woody plant resource, reducing the accessible foliage in the
study area. | | -
~ The low bmmass of leaf htter prese.nt under canopies of most woody plant species dunng :
the study indicates that either consumption by hvestock since leaf-fall earlier in the dry season
or fragmentation by trampling and dispersal by wind had reduced thc available Htter. Leaf litter
: appéared to accumulate in depressions in the ground or under low shrub caﬁopiés, so the

* biomass of litter present under woody canopies is probably not representative of the litter -
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' biomass avmlabla to livestock throughout the study area. _ _
The low oontnbutlon of fruits to livestock diets is probably lmked to the macoesmbﬂlty

of aftached fruits c_m mature trees, harvesimg by local people and narrowly seasonal fruit yields.

* Although harvesting of fruit by local people was not observed during the study, fruits harvested
in other commumal areas of the arid lowveld are D. mespilifb}?ﬁis, E. divz'namm, F.

' stuklmannu, P. cum:ellfolza, S, birrea, S. madagascanensis and S, spinosa (Liengme 1981),
Flowers are similarly seasonal and can only conmbute to hvestock diets durmg brief annuai

| periods, -

Browse supplememat:on in the study area

' Hel'ders made an effort to mcrease the food supply of livestock during both samphng penods

However, it appears that more browsc'._ was supphed to cattle than {0 goats, and that more was

supplied dufing the pre-flush period than dﬁring_the post-flush period. Woody species most

~ often supphed to livestock. were those: of which the msgonty of foliage was out c.\f reach of

Livestock (eg. Ficus spp., T emetica and X, zambesmca) C. imberbe, a good fuelwood

' (laengme, 1_981), was probably supplied only in tandem with ha:vcstmg for fuelwood or timber.
The impact of browse supplemehtation by herders on the-woody'foliage resource is

unknown, and is difﬁcult to distinguish from the impact of fuelwood harvestiné'. The woodj

' spedies most often cut by herders are concentrated in toplanﬂs; si)ecies._occuniﬁg mﬁinly in

.~ bottomiands were never cut. Some of these species are unipalatable (€.g. Euclea spp. and M.

senegalensis), and therefore less. Suitablé as fodder supplemeilts for _ﬁvestock.

‘The major impact of browse suppiementaﬁon is presently c_oncentrated in toplands,
although the extent of harvesting by llerders. is low (relative to standing leaf hioma‘ss} _Although_ :
an increase in .the'.extent of woody foliage harvesting by herders may”exacerbate this impact,
_harvestmg of preferred species, in addition to the species already being harvested, may provide .
| short~tenn solution to the problem of lwestock survival through the dry season.
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.- Quahty of the woody p!ant resource -
Several evergreen woody species in the study area (L. camara - van Wyk & Malan 1988, some
- Buclea spp. and some Maytenus spp. - Owen-Smith & Ceoper 1987b) are unpalamble or toxie.
- E. dzvmomm and M. senegalensis were eaten mainly dunng the pre-flush period, and only a
_ very small proportlon of the avmlable smndmg foliage was consumed. - __
Folihb., of woody species of the family Caesalpiniaceae, whmh is nnportant to browsmg
ungulates in other parts of Afnca such as Zambla (F 38 1974), N1ger1a and the Sudan (Atta-
Krah 1989), was riot a major part of hvestock dlets in this study. In Zambla, the- mamly B
legummous woody species- of miombo woodland begm fo ﬂush- in July, towards the middle of
| the dry season (Rees 1974), and thus provide protein-rich yu.mg leaves throughout the late dty
~ season and early wet season penud In contrast, many leguminous species in the study area are
deciduous and thus are unavailable during the dry season (Acacia spp., -D. cinereq) except P. N
| .angolen.sis,' of which smail specimens _tended to flush early (personal observations). Also,
" Acacia spp., D. cinerea and other thorny tree and shrub species in the study area seem to be
“heavily harvested for the consiriiction of barriers around krasls and cultivated lands, so their
contribution to tivestock diets maj be limited, even during the wei season, by the number of
stems available. | | | | o
~ The concentration of livestock feeding in .t'oplands is prbbab‘ty due to the greater
abundance of grass there. However, since the grass in the study area is of low quallty, the hxgh
- | contribution of grass to Tivestock diets durmg the penods covered by this study is probably due
to the low quahty and abundance (due to inaccessibility) of woody foliage, rather than to the
quality and abundance of the grass. The higher contribution of grass to livestock diets during
the post-flush period than the pre-flush period indicates thet the newly-flushed grass was
nutntlona]ly valuable to the lwestock ‘From the preference ratlos, it appears that, during the
- post-flush period, grass was preferred above foliage of a]l ‘woody plant species and that the pre—
flush (i.e. dormant) grass was not preferred However, this mterpretatlon requlres that the
estimates of acoessnble fractions for woody species are accurate, and that aIl grass material

above smbble helgh_t is accessible to grazing livestock. E. divinorum was third in preference for
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~ goats durmg the pre-ﬂush penod suggestmg that thls woody spemes may act as a dty season
._reserve food specles for. goats as it daes for kudu (Owen-Srmth & Cooper 1987b)

ﬁrmng affhe gruss ﬂush and the woady ﬂush _
The year in which the study took paaoe had been preceded by the worst drought at lea.st smca
'_1968 (Shackieton pers. comm. ). ’I‘he late tree/shrub ﬂush in relation to the grass ﬂush may be
due to low soil mo:sture carried ovar from the previous drought year. Accordmg to Sh_ackleton
| (pers. comm.), woddy pléuits usually flush before the gmss in the study area, In other yeaxs the o
. woody plant flugh may begm in Tesponse to mc'eased temperatures dunng the ea.rly summer |

L months, if the soil moxsture remammg from the prewous wet season is sufﬁment to sustain the

- early flush (’I‘mley 1982 Chdumayo 1992) Thus, durmg the wet season following a drought,

early, hght rains may be. sufﬁclent to stxmulate the grass flush, whlle the woody flush is delayed

until the tmset of heavy rains. o
| | The lag penod between .the grass ﬂush and the treerhrub ﬂush dunng the study penod

raises an 1mportant questmn Was the tlmmg of the ﬂushes durmg the study ycmr usual for the

study area? If 50, then an earlier tree/shrub ﬂush and consequently, hlgher browse | _ |

_ oontnbuuons oould. be expected in years when the raing begin early or fo]lowmg hxgh ramfall

. years.'

Limited browse use by livestock would result in a reliance upon food supplementation
with concentrates or _wii:h foliage harvested from roadsides and other protected areas. These
* solutions are likely to be more expensive and therefore less accessible to the rural farmers in o

the study area,
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Solmwﬁw t0 Imumziom on browse supply in the study areq | _ o _
Livestock in the study area, parncularly cattle, appeared to undergo severe nutnent deﬁmency
dunng both study permds (personal observatlons), and some herdets reported that the mortahty |
ot cattle durmg the current dry season had been as high as 75 %. This mortahty rate was

| probab_ly a combined result of the preceding severe droug_ht year and the very late on_set of rains.
~during the étudy year. In the confeXt of the. loiv quality énd abﬁndéncé of woody foliage in the .

. study area, a number of solutions to limitations on woody foliage supply can be identified.

(a) Increasmg browse supplementatmn through loppmg by herders. Since several woody plant _
.specles were preferx'ed to gx'ass durmg the pre-ﬂush permd it is clear that the grass IS either of
such low abundance or of so Little nutritional value to hvestock during this period; t_ha_t

| _ bmwsmg,. evf_.'.n'on re]atively_n__'r_!pal_a.téble' plants (such as E. dfvinorum) is preferred. Increased
suﬁp_lementatipn of livestock 'diet_s!'.throug.h lopping of palatable or preferred woody species by -
hﬁrd:rs_ woulé thﬁs;havc a -b.enéﬁﬁqial effect dnring_ this period. The impact .df:th{_s solution on

| the w_c.a_ody' foliage .supply in thé study area would have to b!e-carefully monitored in rélé.tion to
the impacts of other practioes such as me'hafvesﬁng of fuelwood, construétio‘ﬁ timber and

carvmg materials, Browse suPplementatlon could be used in conjunction with fuelwood

harvestmg, 50 that fohage lopped at the same ume as Tivewood could be smpped and left in the .

~ lands as- fodder for livestock. Most branches seen bmng lopped by herders were later rcmoved
and presurnably used as fuelwood.

~ 'The potential for Ioppmg to contribute to the dlets of hvestock durmg the post—ﬂush
'pe;nod is oe_rtalnly-lower than it is during the pre-flush penod, due to the greater palatability of
the newly-flushed grass, More than 80% of foliage in the 'smdy area is woody foliage, and
much of it is inaccessible to livestock, sd, in the absénce of severe depletion of the woody
_ fo.].i'age resource; increased lopping should be encduraged throughout the dry seasoﬁ' and._early -

wet season.
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) Collection:and storagé of leaf litter from Iéaf-fali until it is required l:ij livesfdck Ialaer in 'the |

dry season. This ig a potentlally valnable way of i 1mprovmg tivestock productivity: in terms of

- gain in live mass - Devendra 1989) during the dry season. Leaf litter could be collected in litter

. baskets placed under tree canopies at the -'Dmmencement of leaf fall and stored until the late dry.
Season, to be fed to 11vestock in mght enclosures. The much-utlhscd hther species appear to be

5. madagascarzems, T. sericea and X, zambeszaca For D. me.rptlzfomw, an abundant litter
species, leaf-fall occurs late in the dry season; this Titter could be left .qn the ground % for

| cdnsumpﬁon;callected andfed to livestock in mght enclosur_es.- or stored until the foliowiné dr}’

season.

©) _Miniﬁmising impact on the woody plant resource from other local uSe_s (harvesting fuélWood,
construction materials) may increase both the maximum standing leaf biomass during the wet -
season and the available woody foliage fraction during the dry season. This fraction is important
for browse supplcmenmhon However, this may not be a sustainablf‘ practlce in view of thie

needs of local people.

«(d) '_I‘hé establishﬁlent of woodlots of leguminous trees. Livestock prodectivity and survival -
tflurin'nr the dry season could be increased through browse supplementation lising' evergreen

woody trees and shmbs whnch have been culuvated for this purpose Fast-growmg exotic B
species such 2 as Leucaena Ieucacepkala could be mtroduced ina controlled programme, for tlus '

purpose.

(¢) Use of chemical browse sup;ilements which improve the palatability of woody foliage. Such
a measute may result in higher s_tockiﬁg _dénsities-in the study area, as well as higher impact
levels on both the grass and browse resources of the area, and would have to be carefully

researched and planned prior to its implementation.



Conglusion s _ : _ |
_ While.bmWse makes an impbmnt éontfibtitioﬁ to livestock diets during the late d.ry. season, '
gfass forms the bulk of the diet and feédmg is concentrated in toplands where most grziss is .
available;- With the onset of the grass flush, both livestock speciés turn ‘almost entirely to
grazing, indicating that the grass is sufficienily nutritious to méke-bro'wsing almost unnecessary.
~ During this study goats fed more SeTmtivély, utilised newly flushed foliage more and fed
upon a greater variety of woody Plant speczes than did cattle, The gnats dﬁ#erved- duﬁng this '
study appeared. to be in better condition than the cattle observed, and, although théy wereless
often suppﬁed'wiﬂl tree leave,s_, browse contributed more to their diets thar to cattle diets, The
relatively low contribution of browse " ]ivesmck diets during this stﬁdy is explained by the
"scarclty of accesmble, palatable forage exacerbated by the Iate flush on wcody plants, in -
con_]uncuon with the modlﬁed size class dlstnbutlons of some ‘important food species, |

Browse supplewantatmn by herders has the potential to increase the fraction of the |
available. leaf biomass which is accessible to livestock. Other mechanisms of ixﬁproving browse' '
: supply mclude storage. of waody fohage litter until the late dry season, use of chenuca],’,‘i
increase the nutntlonal value to livestock »f poor quality browse and the establishment of
woodlots of palatable, perhaps leguminous, evergreen woody species for use as livestock
fodder. | | | | |
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Table 1. Mean cover, ETass blomass and bmmass concentratlon in each landscape unit, (Enmes

with the same superscnpt are mgmficantly dlffeteut n'om one anothm-)

Landscape unit

Mean aerial cover

" Mean biomass  Mean biomass concentration

. (% £ SE; -~ (kgDM.ha® i SE; (eDM.m> 4 SE;
n = 125) o n=725 n=25
- a _ Preflush R
 Bottomlands 15kl 638413 290 + 60
Drainage line thickets 04 1% 40+ 15 2504 50
Toplands 20 4 2 118.9 + 24% | 555 4+ 100
 Posflsh o
| Bottomlauds 5+04 4198 | 210 # 40
Drainage hne tlucke*s ekl 103421 305 & 60.
Toplands IS+ 642413 30460




. , 2
Table Mammum standing leaf biomass: (wet geason) and accessible standmg leaf bmmass
durmg the pre-flush and post-flush periods, for woody spemes (Stem densities from Shackleton
(1993), maximum standing leaf biomass is derived from the regresmon rclatlon for stem

pircumférence on standing leaf biomass in Barnes ef al. (1976)‘.)_ :

Woody species . . Standing fohage Density  Accessible standing leaf biomass
' o : bmmass (wet season (stems, ha ) ~ (kgDM.ha' 1) -
| max, kgDM.he)  Preflush Post-ﬂush
Terminalia sericea 664.6 .- 20807 . 0 132.9
- Maytenus senegalensis 1170 - 566.9 11700 117.0
Sclerocarya birrea 100.6 419 .0 0
 Lantana camara | - 855 3807 641 64.1
 Dichrostachys cinerea 494 2463 0 0
Pterocarpus angolensis 430 44 0 43
Cassia petersiana | 20.5 1563 0 29.5
Lonchocarpus capassa. . 23.5 o 432 . 0 . 1.8 |
- Peltophorum africanum . 224 1056 0 0
 Diospyros mespiliformis- ~ 215 - - 394 - 10.8 0
Ehretia amoena - 13.6 644 o 68
~ Euclea divinorum 12,2 - 538 6.1 6.1
Combretum collinum 122 k20 1.2
Euclea natalensis 120 57.5 9.0 9.0
Combretum imberbe 11.8 26.9 0 1.2
Ficus stshimannii 1.0 3.8 0 0
Acacia nilotica 10.3 450 0 0
Strychnos spinosa 9.6 150 0 | 0
Strychnos madagascariensis. 65 - 35,7 0 0.7
Combretum hereroense 2.2 - 100 0 . 1.2
Parinari curatellifolia 1.9 88 0.2 02
Cassine transvaalensis 0.9 50 - 09 . 09
Cassine aethiopica : 07 3,1 0.7 0T
Gardenia volkensii - 03 L3 0 0.2
Carissa edulus | 02 0 13 0 02

Total - 12624 48397 2088 3880



'Table 3. Bmmass of Ieaf htter of vmous tree and shrub specles under canopms of the same

specxes in the study ared, (Entnes w1th the same superscnpt are s1gn1ficantly d1fferent from one_

another) o
Woody species “Litter biomass under canopies (ngM ha' & SE)
o " Preflush. . " Post-flush
Maytenus senegalensis -~ 355+ 112@=10) - 82:%£26( =10)
~ Sclerocarya birrea | C e 238 + 84* (n =8 - 8B420@m=10)
- Diospyros mespiliformes M+ 72 =8 256+ 8l(n=10)
- Terminalia sericea M8 E52(m=8 - . 50+18@=10)
Strychnos madagascariensis 120 £38@ =10 - . 92+29(0=10)

 Total

1066+31(n=44) 563 + 16 (n = 50)



_ S . . : ' 30 "
Table 4 Proporhon of observatlon tlme spent in each of four actmty categoﬁes by cattle ancl
goats, expressed as a. percentage of observauon ume n“ refers to the numher of saxnphng :

B 'houts taken (Entnes with the same. superscnpt ate mgmﬁczmtly dlﬂ’erent frorn one another )

Activity =~  : - _ Percentageofobservatlon tlme R

o o o Pre—fiush o _ _ Postflash

| | -catﬂe__(n=60). ' Goats (n—-SO) " Catle (n=61) _ Gioats (n=50)
* Grazing .5_ ”ﬂ4£a2. 2.0+ 88  $B8+10.7 864 % 122

Browsing . 147%19 - 347&71 . 5807 83112
| Feedingonsisal | 94%12 0340 59108 0

Insctivity ~ ~ 45%06  3.0+£04 45206  53+07



Table 5a. Contribhtioﬁ_s of grass, .sisal _al_id' woody .spe_éies_-tq cattle diets’. R

Spemes gatenn, o ?re—ﬂus_h_ _ . - POst-ﬂu-Sh:_”'.-

TTime (%) Mass (%) . Time (%) Mass (%)
Dietary contribution B o 3

 Grass . 8 656 818 942
Siedl .98 133 &2 20
C. aethiopica -~ . <01 . <01 - 0 0
D. mespiliformis 03 . 0.6 <01 <01
F, swhlmermii . 86 131 <01 - 02
F. thonningii S35 24 0 0

- M, senegalensis -+ 0.6 . 09 |
P. curatelliftia . e 13
S. birea 16 03
8. madagascariensis © . 0.1 03
S. spinose . 03 0l
T. emetica o s BN
T,_.sfgricéa S 61 - 02
X. zambesioca 2.0 44

[~
L=
o0

loo oo oocooe

lo o c o oo o

Fobs 0%



~ Tabie 5b. Contz'ibuﬁons of grass, sisat and wobdy species to goat diets,

' _Pl_‘c'-ﬂus_h_ :

© Unidentified

Species eaten . - Postflush _
o “Time (%) Mass (%) Time (%)  Mass (%)
_ . Dietary conttibution - -~ S
Grass 639 74.9 912 904
Sisal 0.3 0.6 Y R
A gerrardii 0 0 0.2 <01
A. swazica 0 0 <0.01 <61
C. aethiopica 08 0.9 [ 0
C. bispinosa 0.9 02 0 0
" C. collinum 0 0 <01 S0l
-C. hereroense 0.7 1.0 -0 0
C. imberbe 23 2.0 0 0
D. cineren 0.2 0.1 0 to
D. mespiliformis 2.6 1 0.1 0.1
E. divinorum 1.7 13 0 0
E. natalensis <01 0.1 0 0
F. stuhlmannii <0l 02 15 2.8
- F. thonningli 0.1 02 1.6 2.5
M. angolensis - 52 0 0 0
M. senegalensis 1.0 10 0.2 0.1
P. angolensis 42 3.0 0 0
" P. afticanuin 0.1 02 0 0
- P. curatellifolia <01 <0.1 0.1 0.2
S. birrea: 0.2 0.1 0 0
8. madagascariensis 4.1 3.1 01 0.1
S spinosa ' 3.6 0.3 0 0
T. sericea 0.1 0.1 4.0 38
X. zambesiaca 9.3 8.6 0.2 0.1
Forbs <0,1 - 0 0
1.4 - 0.8 -
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Table 6. Prefm'em.e ratms of grass and woody food specles for cattla and goats durmg the pre- u
ﬂush and post—ﬁush penods o

. Specieseaen - Prefsh Post—flush

| -Fohage Dietary = Preference | Folxag..  Dietary Preferenoe,

biomass contribution  ratio biomass confribution  ratio
(%) (%masy) (%) (% mass)

Cattle - | T |
Mlgrasses 63 953 131 46 968 206
T. sericea '_109 02 <005 184 21 01
M. semegalensis 347 10 <005 3.0 08 <01
. P.curaelliflic 00 15 884 . 00 0 0
Sbimea  C 175 0 0 - 156 - 03 <01
. D. mespiliformis . 15.9. - 0.7 <0.05 134 0 0
S, madagascariensis 8.8 - 03 <005 79 0 0
‘Grass. . 63 80 119 46 954 197
T.sericea 109 . . 01 <005 184 40 02
M. semegalensis 347 . 11 <005 310 0l <01
S.birea 175 01 . <005 156 0 0
D. mespiliformis 159 23 D5 134 01 <01
E.divinom 04 14 - 29 04 0 0
Ccoliom -~ 00 0 ERR 0. ol 13
E. naalensis 07 01 02 06 0 0
5. madagascariensis - 8.8 34 0.4 79 - 01 <01
P. curatellifolia 0.0 0 0 00 . 02 152
C.aethiopica 01 . 10 175 00 0 - 0




Table 7. Dietary contributions of litter and supplied browse as percentages of observation time
‘and total diet mass for cattle and goats. o B

~ Specieseaten ~ Food Preflish - Postflush
| | | CAREON  yme (%) Mass(%)  Time (%) Mass (%)

. Dietary contribution for cattle | | B
X. zambesiaca ~ litter 19 44

0 0
D. mespiliformis litter 0.2 0.6 0 0
S. madagascariensis - litter 02 03 0 0
T. sericea - - litter 0.1 0.2 0 0
Total litter =~ 24 55 0 0
F, swhimannii . supplied - 8.6  13.1 0 0
T. emética - supplied L5 0.1 0 0 -
F. thonningii suppied . O 0 35 24
Total supphed = 10.2 132 35 24
- - o ~ Dietary contribution for goats | -
X. zambesiaca  hger 7.0 73 - 02 0.
S. madagascariensis ~ litter 32 2.8 0 0
© P.angolensis ~Lwer 19 1.3 0 0
C. imberbe  litter 0.8 04 0 0
E. divinorur  litter 0.6 08 .0 o 0
S. spinea . litter ) 65 03 0 0
S, bireq - litter 0.2 - 0.1 0 -0
F. thonningti liter ~ 0.1 0.2 L0 1.8
D. mespiliformis ~~ liter = 0 0 0 0
' Total Clier 143 132 0 12 19
X. zambesiaca | supplied 2.6 1.4 | 9 _ 0
., imberbe supplied 1o 1.2 0 0
F. stublmannil suppied =~ ¢ 0.2 0.9 0.9
F. thonningii =~ supplied | 0 0 | 06 06
P. curatellifolia - supplied 0 0 01 0.2

Total supplied 3.6 27 1.6 1.7



Appendix

' Table A: Denvatmn of dwtary contribution- by mass from observahons on cattle and goats
during the samplmg periods, (Bnte mass is the product of the estimated number of leaves per

“bite and leaf mass as determined during this study and from COOper (1985) "Umdent-.ﬁed" :
refers to woody plants whmh were unidentified, * Denotes mean leaf mass values from Cmper
1985.)

Species saten  Feediny  Dietary  No, bites No, leaves Mean Jeaf Mean Mass  Dietary
: time contribution takem  pér bile mass  bite size eaten  contribution
(8) (% time) - @ @ {8 (% mns
| Catle -~ B |
-  Prefiwh - |
 Allgresses 34153 74.8 13971 > - 01 1397 66
sisal . 4474 0.8 142 <1 - 2 284 13
C. aethiggica 14 0 5 3 006 018 1 <1
D. mespiliformis . 139 - 0.3 5 o2 o012 024 13 - 1
F. stuhlmannii 913 86 386 6 01z 072 278 13
M. senegalensis 278 0.6 67 3 0.0 028 19 1
P. curatell, i 462 10 57 4 012 048 7 i
S. madagascariensis 68 0,1 %0 3 0.07 022 7 <1
8. spinosa 132 0.3 8 3 007 02 2 <1
T, emetica 684 1.5 6 3 0,12 .03 2 <1
T sericea . 40 of 2 3 008 024 5 <1
" X. zambesiaca 95 2.0 396 3 0,08 024 94 4
Forbs | 367 0.8 . 1. e = . - - -
Grass . 4371 818 2784  >1 Q1 - 2780 o4
Sisal 3119 62 30 <1 . 2 60 2
D. mespiliformis 21 0 5 2 012 024 1 <t
F. stuhlmannit 25 0 9 6 012 072 8 <@
F. thonningli 1787 35 9 6 Gi2 0712 T 2
M. sencgalensis 430 0.9 84 3 009 028 24 1
S bimea 809 1.6 50 2 008 016 8 <1
Forbs 6 0 90 - . .

Unidentifed 0 0 0 - - - - -



Goats

304

11

| __Profiuh
Grass 21669 62,0 02 - >1 - 01 890 75
Sisal 109 0,3 7 <1 . 17 1
C. aethiopica 273 0.8 113 1.5 006 009 10 1
C. bispinosa 205 0.8 73 1 0.03" 003 2 <1
C. hereroense 20 07 104 4 0.0 012 12 1
C. imberbe 796 2.3 202 4 003 012 24 2
D. cinerea 80 0.2 15 0.5 0.1z 006 1 <t
D, mespiliformis . 89S 2.6 203 1 .12 0,12 24 -2
E. divinorun 570 1.6 86 1 018 018 15 1
E. natalensis 14 0 4 i 018" 0.8 I <1
F. stuhlmannil ] 0 5 3 0.12 0.36 2 <1
F. thonningil 37 0.1 12 2 012 024 3 <1
M. angolensis 1765 50 583 - - flowers - -
M. sonegalensis 336 1.0 130 1 009 008 12 1
 P. angolensis 1421 4.0 295 2 0.08 016 36 3
P. africanum 48 6.1 - 4 1 0.51°  0.51 <1
P. curatellifolla 9 0 2 2 012 024 0 <1
8. birrea 57 02 16 1 o008 008 1 <1
5. miudagascariensis 1395 4.0 495 1 007 007 3
S. spinosa 213 0.6 5 1 607 007 3 <1
T. sericea 21 0 9 2 0.08 016 1 <1
X, zambesiaca 5167 90 - 1297 1 0.08 008 103 9
 Forbs - o b 0 - - - " -
Unidentified 91 0 14 7 - - - . -
. L ~ Post-flush
Grass 34744 85.3 21963  >1 - 0.1 219 90
A gerrandil &5 02 2 1 0.084  0.04 1 <1
. A swazica 9 0 6 1. o004 004 0 <1
- C. collinum 4 0 4 - 3 0,12 0.36 1 - O
D. mespilifornmis 30 0 17 1 012 612 2 <1
F. stulilmannil. 585 1.5 187 3 012 036 67 3
F. thonningll 597 15 251 2 012 024 60 2
M. senegalensis 80 0.2 ) 1 0:00 009 <1
P. curatellifolia . 45 0.1 20 2 012 0.24 <1
8. tadagascariensis 42 0.1 24 t 0.07 0.7 <1
T. sericed 1524 3.8 570 2 0.08 OI6 9l 4
X. zombesiaca 70 02 24 1 008 008 2 <1
Unidentified 0.8 - . . -
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